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A MODEL OF PLANT DEVELOPMENTSUNDER CHANGEABILITY ASPECTS

High flexibility and strategic adaptability are tvaf the major challenges for manufacturing compsnieho
have to survive in a turbulent environment. Theyehto recognise the need for change and innovatioall
company levels at an early stage in order to bthénposition to implement necessary changes ofystazh
structures in a timely manner. In order to makeessary investments in a timely manner, producingpamies
have to adjust direct and indirect object, strueduaind processes of the system of performancediegdo the
wishes of customers. Early planning calls for aatied understanding of the existing processesctsires
of resources and the experiences which led to tterelopment. An analysis of the past developminthe
necessary foundation for a long term planning &drk plant developments. In this paper, a methqaaposed
for a systematic analysis of past developmentshefgroduction structures that consider the specifieds
of a plant. The method is the foundation for sgateplanning of manufacturing structures and presidhe
architecture to consider future changes of marketsjucts and technologies within forecasts andasies.

1. INTRODUCTION

The increasing demand of customized and multi-wararders leads to a higher
complexity of planning, while the available timer fplanning is decreasing [8]. Planning
loses the project character and transforms intordirmuous planning process. In 1997
Westkamper et al. forecasted an increasing plantirequency and a simultaneous
decreasing planning time which is already realigiatly [3]. Flexibility and changeability
of manufacturing structures are key enablers foetmg the challenges coming from the
global market [10]. To deduct necessary measuneadaption of technology and capacity
structures in a timely manner, permanently onggilagmning as well as early or long-term
planning ahead is required.

Faced with these changing circumstances, the palkeat the classic methods
of factory and production planning have been largehausted [1],[3],[7].

The model of plant development presented here sedan the approach that
a permanently ongoing planning of future developmenust be built upon the individual
past developments of technology and capacity sirestand the specific skills of a plant.
Due to the long life span of the existing structurihere has to be an orientation of the

! GSaME, Universitat Stuttgart, Bosch Rexroth AG,
2 GSaME, Universitat Stuttgart, Fraunhofer IPA, 8fatt, IFF, Universitat Stuttgart, Germany



120 Markus HARTKOPF, Engelbert WESTKAEMPER

planning on the existing resources and specifilsskBesides building up a qualitative
comprehension of the actual stand of the plant ¢éoivd measures for the future,
retrospective developments of the plant performdrane to be quantified in hours per year
in order to project them into the future, and ttcgkate the impacts of planned measures on
the resources and cost structures. The model at dievelopments is a scalable approach,
which is an important precondition for stable, @fnt and capable work under the influence
of different parameters, including kind of probleinsbe addressed as well as the number
and heterogeneity of the involved systems T9]e model of plant development is divided
into the following three main parts, as preseniefig. 1.
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Fig. 1. Model of plant developments

Analyses and quantification of retrospective pldetrelopmentsThese analyses are
necessary to ascertain the development statuseoplémt and to extrapolate continuous
developments in the production from the past in®future. Continuous developments are
increasing steadily the performance by reducingaicte of disturbance. These impacts,
among many others include the technological mangirand waiting times or the lack
of quality and organization. These kinds of changms be achieved by methods such as
classical industrial engineering, quality managetieizen or six sigma [4].

Anticipating of future plant development®lanning can be done through the
extrapolation of past developments and the designdiscontinuous developments.
Discontinuous developments refer to discrete eyeviigch influence production massively
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[2]. These kinds of discontinuities are caused isyugtive technologies which cut into the
continuous path of development and improvement @wkr completely new dimensions
of performance [5]. Discontinuous changes in a pctidn lead to an increasing need for
planning, implementation, investments and largdiingness to take risks [2].

Design of various future scenarioshese are constructed in dependence on market
forecasts, product launches and technology devedafsn as well as the quantification
of corresponding performance developments.

The purpose of the work presented here is to shewsteps to quantify retrospective
plant developments as well as their extrapolatromfthe past into the future, as shown in
Fig. 2. The planning of discontinuous developmantghe future as well as the design
of scenarios is not part of this paper. There lglla short introduction to the objects of plant
developments and the way they are continuing t@ldgv After development is described,
the steps to quantifiably to describe these devedops will be presented. In the conclusion
the resulting future steps are outlined.

2. OBJECTIVES OF PLANT DEVELOPMENT

The objects of the analysis and the shaping optst and future plant developments
are in a long term field of vision for the follovgrareas [12].

1. Changes in the production task.

2. Changes of the production units.

3. Structural change in the relations of the préidacunits (macrostructure).

Zaepfle also states a fourth point concerning therastructure for controlling
of labors and orders in a limited scope of actifi®y. The target of the model of plant
developments is to design these limited scopestdres. Therefore, the microstructure is
not part of the objectives of the model.

Continuous Discontinuous
Plant developments developments

Developments Number Technique Technology
(quantity) (way) (kind)
Development of Number of production Technical product Completely new
production tasks tasks of the same kind modification products (technologies)

Development of Nu_mber of producti_ve Technical and personnel ~ Completely new
productive units units of the same kind learning effects production technologies

jectives

Ob

i . . Completely new material
Numper s materlal Technique of material .p Y .
and information flows and information flows and information flows
of the same kind technologies

Development of
macrostrucure

Fig. 2. Objectives of plant developments
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The relevant objects of plant developments showfign 2, are subject to continuous
and discontinuous changes. Changes of number ahdi¢gie are continuous; technological
changes are discontinuous. In the long term foteafathe production development, there
must be a quantification of both continuous andahsinuous developments of production.

The change in the production task is divided irgohhical product modification
(technique), quantity (number) and new product netdgies (kind). Changes in regard to
productive units are technical and personnel legrfiechnique), the number of production
units (number), and completely new production tebdbgies (kind). The macrostructure is
changing in form of quantity (number), technique atructures (technique) of material- and
information flows (technique, number), and new mate and information flow
technologies (kind).

In contrast to the development of the objectivexlpction tasks and productive units,
the macrostructure is focused on the design ofréuplant developments. Retrospective
developments are ascertained by the developmehegdlant-specific key data, such as lead
time, lean index, stock range, number of informatftows, or EPEI (every part every
interval) which describes the processes in betwkerproduction units. The developments
of the key data enable conclusion of the impacisast measures.

The design of the macrostructure is an essentralgbglanning future developments.
An integrated planning-ahead of production techgiel® in combination with the
macrostructure enables a holistic consideratioteohnology impacts through the whole
value chain, and in accordance with specific inwestt behavior. Therefore, the
macrostructure is not considered in this paper.

3. RETROSPECTIVE PLANT DEVELOPMENTS

In the following sections the relevant steps toly®athe retrospective developments
of the objectives production tasks and productiigsyas shown in Fig. 2 will be described.

3.1. RETROSPECTIVE DEVELOPMENT OF THE PRODUCTION SR

The retrospective development of the productioksas the form of numbers and
technologies is captured by changes of the pasiiuptoranges. The analyses of the
incremental development of the product modificatianll be described in point 3.3.

In order to track the past developments of the prodn tasks, a representative
product range has to be built. The representativdytt range must be able to represent the
value adding effort, in dependence on the prodadiation as close to reality as possible.
As shown in Fig. 3, the structure of the repredemdgproduct range is equivalent to the
structure of the cost center and the system leoklhe production scales of the plant.
Production tasks and productive units can be asdigio each other and allocated
appropriately according to the input involved.
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The cluster of the lowest system level includesphsds of the best-sellers. The best-
sellers are ascertained by an ABC analysis. Theyrgpresentative of all the units of the
cluster, as well as their quantity. On the basisbebt seller target times, and the
corresponding quantity, scalable efforts of a @erfdanning period, for a certain area, in
a certain system level that has been achieved ea@sdertained. This is illustrated in Fig. 4,
which uses the example of a machine manufactuiar.aFstrategic planning of up to ten
years in the future, the data of the representatarege of products must be captured
retrospectively for at least five years.

The further the given period is extended into thstpthe more exact learning effects
can be calculated and extrapolated into the future.

3.2. RETROSPECTIVE DEVELOPMENT OF PRODUCTIVE UNITS

Productive units are grouped according to planmelgvant manufacturing resources
plus direct and indirect production-related empés/elrhe planning-relevant machines have
to be classified into categories such as, manufactuechnology, special machines, or
standard machines to reduce the diversity of matwrfimg resources. These categories must
be assigned according to the expected age, whichhased on the experiences
of maintenance, manufacturing coordination or wanéparation. As shown in the following
Fig. 5, the development of technical capacity cardéscribed by the procurement date and
the expected age. As previously stated, the arraeges follow the structure of the cost
center.

The machinery application calendar enables a teaesp and early time identification
of needs for actions. The development of the tedintapacity extends from the past
beyond the present and decreases in the futur@ubecof the increasing age of the
machinery. Future developments of capacities goerdent on past investment behaviour.

The data of the machinery application calendar lkesalthe calculation of the
development of the maximal and normal capacity. Tieoretical, maximal available
capacity per planning period of one year enablesomparable development and is
calculated as follows:

Cmax = dsnax D’]SﬂaXD\I

Cmax --- theoretical, maximal available capacity

dsnax... theoretical, maximal available days per year {365
dsnax... theoretical, maximal available hours per day) (24
N... number of parallel stations

To calculate the normal capacity close to reatigguctions and increases have to be
considered:



A Model of Plant Developments Under Changeabilispécts

125

Plant | Seg. | Syst. Cell ] Machine [ 2006 2007 2008 2009 2013 2014 2015 2020 2021 2022 2023 2024 2025
1.1 1111 | 1111 | 14 1111 | 1223 [ 1009 | 112 1111 1111 | 1111
Cost Center Inventory 1.1.1.2 1112 | 1112 | 112 14 A 1112 | 1112 | 1112 | 1112 1112
Cell 1.1.1 Inventory 1.1.1.3 -_ 1.1 A 1113 | 1113 \ 1113 \ 1113 1113 1113 \ 1113 \ 1113
o Inventory 1.1.1.4 1114 | 11. 1.1 A 1114 1114\ 1114 ‘1JJA 1114
1115 | 2295 [ 1225 | 1115 1115
- 1121 1121 | 1121 | 1121 1121 1121 | 1121 | 1121
= | Cost Center 122 | 11 1122 1122 | 1122 | 1122 1122 1122 | 1122 | 1122
E Cell 1.1.2 [Inventory 1.1.2.3 1.2 il 1123 | 1123 | 1123 | 1123 1123 1123 | 1123
z Inventory 1.1.2.4 A 1.2. A 1124 | 1124 \ 1124 \ 1124 1124
T Inventory 1.1.3.1 il ALEK il 1136 | 1137 ‘ 1138 ‘ 1139 11311
% Cost Center |Inventory 1.1.3.2 A A A 1132 | 1132 | 1132 |
8 Cell 1.1.3 133 | il A 1133 | 1133 | 113 1133 | 1133 | 1133
< = I 1134 | 1134 | 113 3.
= 8 Inventory 1.1.4.1 1141 | 1.1 1.4 1. 1141 | 1141 \ 1141 \ 1141 | 114, 1.
E Cost Center |Inventory 1.1.4.2 | il 1 14! L. 1142 | 1142 | 1102 | 1102 NI
54 Cell1.1.4 |inventory 1.1.4.3 | Ll il .14 1 1143 | 1143 | 1143 | 1143 | 114
@ 1144 | 1144 | 1144 | 1144 | 11 1144 1144 | 1144 | 1144
Q
2 151 | 11 1154 | 1155 | 1156 | 1157 1159 11512 | 11513 | 11514 | 11515
= @ CosGaiky 1152 1152} 1152} 1152 1152 1152} 1152} 1152 | 1152
< 3 Cell 115 152 | 115; kL 152 | 1152 | 115
o % 1153 | 1153 | 1153 | 1153 1153 1153 | 1153 | 1153 | 1153
o
5 © N | Cost Center
=3 £ Cell1.2.1
c Q
ég @
>
- @ | Cost Center
1% [
ég g Cell1.2.2
O
5 Inventory 1.
@ | Cost Center oMo Zed —

Normal Capacity % —

T

Capacity
[Hours/Year] = "—*\
A AN
g —
Maximal Capatity —*— v
Minimal Capacity —— il e \\\\\
/.___———l/

i

%

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

Fig. 5. Machinery application calendar using tharegle of a machine manufacturer

Crorm = d$orm 5 hgyorm [N

dS\orm ... Workdays per year
S... number of shifts per workday

hsom ... hours per shift (including reductions as breakd increases as overtime)

N... number of parallel stations

3.3. LEARNING EFFECTS OF RPODUCIVE UNITS AN PRODUION TASKS

On the basis of the learning curve theory, theinaous reduction of the net process
time can be quantified. The development of the pretess time, as shown in Fig. 6, is

caused by personnel learning effects and increrpraduct and production modifications.

The foundation for the calculation of the learnmgves are the retrospective target times
of the representative product range. Accordinghléarning curve theory, the net process
time of a product is reduced by a certain percentag doubling the cumulated number

of produced units [11]:
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For the calculation of the learning curve, discombius developments of the past,
which are caused by the introduction of new tecbgiels, must be identified and taken into
account. Compared to continuous developments iretfte of a technology lifecycle, the
introduction of new technologies enables a higbaeell of developments that are achievable
in a shorter period of time, as shown in Fig. 7.
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Fig. 7. Discontinuous developments using the exarapbh machine manufacturer
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On the basis of the planned process times of eutiits, the learning curves of the
best-sellers of the representative product rangee ha be calculated. By building the
weighted average of the degression factors, thenilep curves of product families and
series can be calculated. Thus, the continuousovapnents are scalable as well.
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Fig. 8. Scalable learning curves using the exampemachine manufacturer

100%

75% 7

M Constructive measures

M Deployment of personnel

M Process technical measures
Investments

50% -

25% -

0% T T T T T
2007 2008 2009 2010 2011 2012*

Fig. 9. Development of measures using the exanfientachine manufacturer

For the specific controlling of resources for caobus improvements and
identification of untapped potentials, it is ne@gsto ascertain retrospective measures
reducing the net process time. Due to target ageatsmof departments, in general,
rationalization measurements are controlled for cige departments. To achieve
transparency, these extensive measures have tesigned to corporate categories. The
categories correspond to the objectives of planeld@ments, technique of production tasks
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and productive units. They are classified gonstructive measurgdor a production
optimized product designdeployment of personneduch as line balancing, workplace
organization or time studies, aptbcess technical measurssch as equipment and devices
simulations, as well aavestmentsn machines.

The described way of structuring the measurestiitess factory cycles such as
investment waves, and allows the identificationadfusting levers. It is a simple way to
project continuous developments through the diffeveork sectors of a plant.

4. SUMMARY OF THE EFFECTS

The retrospective developments in the form of #@esentative product range (point
3.1.), the machinery application calendar (poirt)3.and the ascertained learning curves
(point 3.3.) have been described. The combinatichese developments makes it possible
to continue to follow the development of availabégacity and requirement structures from
the past into the future. The annual productiorfguerance consists of cumulative plan
times corresponding to the respective years optst and the representative product range
planned for the future. Retrospective plan times @derived from the target times of the
respective year, while the future target times eateulated by the ascertained learning
curves. The machinery application calendar provittes development of the available
maximal and normal capacity. The combination ogéheffects is shown in Fig. 10:

The described steps to analyze retrospective plewvelopments enable the scalability
of the production performance as shown in Fig. The scalability makes possible the
analyses and planning of changes for the spediiasaand corresponding impacts within
a plant. Beyond the system levels of a plant, taability is extendable up to the level
of the whole production network.

Production performance
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i O S

Maximal capacity
Normal capacity — target _
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times of
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product range

—

Development of pan times Development of pan times calculated Time [years]
—> . _—
according to past working plans by the learning curve theory

Fig. 10. Development of the capacity and requirdsen
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Fig. 11. Scalability of the performance

The scalability of the production performance makessible the screening of the
production structure. The effort in sectors of tteenponents, products, producing areas,
system levels and technologies can be quantifiéd Hhowledge gained is an essential
foundation for developing future capability undheology structures.

5. SUMMARY AND FUTURE WORK

For a permanently ongoing adaption across the raykteels of a factory, a scalable
analysis of retrospective developments of capaciaed technology structures is the
essential foundation for long-term planning of fetadevelopments. Therefore, the specific
needs and circumstances of a plant must be coesidBue to the increasing complexity
and frequency of planning tasks, and a simultanel®esease in available planning time,
steps presented to analyze past developments aessagy to simplify the essential
information for a continuous planning ahead. Thalysis make possible an understanding
of the existing processes, structures of resour@meg,the experiences which led to their
development as well as their extrapolation, whishthe basis for the design of future
developments.

Future work will be done in studies of the variagoof impacting driving forces.
Based on forecasts and possible scenarios of aiamgarkets, products and technologies,
discontinuous developments will be designed foitractured optimization and adaption.
In a continuously ongoing process, plant develogméeginning in the past have to be
adapted to the knowledge of present operationscémts and possible scenarios. This model
of plant developments allows for changeability, evhis necessary for competitiveness
in the turbulent environment of manufacturing epitises.
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