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ABSTRACT

Today most markets are extremely competitive. Thus, a high adherence to delivery dates represents a key factor for
companies’ success. Companies try to keep delivery dates by an adequate production planning and control (PPC) but
often not succeed due to a lack of knowledge concerning the quality of their production control. The key objective
of this paper  is  to introduce a quick and simple possibility  to analyze  and evaluate  the quality  of companies’
production control in an interactive way. Therefore, the Laboratory for Machine Tools and Production Engineering
(WZL) has developed a web based solution called “Performance Check”. Based on feedback data of ERP-systems
(enterprise resource planning systems), the tool visualizes defined key indicators of production control. 

Keywords: production control, interactive analysis

INTRODUCTION

Nowadays the fundamental challenge for manufacturing companies is to cope with increasing market dynamics and
individual customer demands (Nyhuis et al., 2009; Zaeh, 2005). On the one hand delivery times reduced strongly in
recent years, in some branches up to 50 % (Wiendahl and Behringer, 2006). On the other hand, market dynamic
increased highly concerning product variety and the demand for individualized products (Wiendahl, 2008). To meet
these requirements PPC turns out to be an important variable (Wiendahl et al., 2007; Reinhart and Gyger, 2008;
Lödding,  2012).  To  remove  the  lack  of  transparency  resulting  from  the  complexity  of  current  production
environment an increasing number of IT-tools was developed, e.g. Supply Chain Management Systems, Enterprise
Resource Planning Systems and Manufacturing Execution Systems (Milberg and Neise,  2006).  In  this way the
challenge is to reach the classic logistic targets according to Wiendahl as well as Goldratts and Cox’ demand for a
maximization of throughput at minimal operating costs (Wiendahl, 2008; Goldratt and Cox, 1984). The logistic
targets according to Wiendahl are the following (Wiendahl, 2008):

- low stocks
- short throughput times
- high adherence to delivery dates
- high capacity utilization.

In order to reach the four logistic targets the existence of the so called polylemma of production planning has to be
considered (Muenzberg and Nyhuis, 2009). The polylemma is based on the fact that the mentioned four targets are
competing and thus cannot be optimized all at once (Baye, 2009). Due to the conflicting targets companies have to
prioritize  the targets  and define  their  leading  target.  Nevertheless,  to  ameliorate  the  logistic  targets  by dint  of
production control their four tasks can be varied under the aspect of best possible target achievement. The four tasks
after Lödding (2008) are shown in Fig. 1.
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Figure 1. Model of production control (Lödding, 2008; Nyhuis et al., 2009)

The four tasks are: Order generation, order release, sequencing and capacity control (Lödding, 2008). The order
generation just means to transfer  a customer request  into a production order.  Not till  order release,  the created
production order is free for production. Thus, order release regulates the inflow for the production. Companies often
do not differ between order generation and order release. They release every order in the moment of generation and
do not make use of the parameter production order amount for controlling functions. The third task is sequencing
production orders which wait in front of machines. The decision, which production order will be done next could
follow different priority rules, e.g. Fifo (First in first out). To complete the tasks, capacity control determines the
available working times. The connection between the tasks of production control and the logistic targets is shown in
Fig. 2.

Figure 2. Impact of production control tasks to logistic targets

Sequencing for example is mainly influencing throughput time and adherence to delivery dates. Order release is
primarily relevant concerning capacity utilization. The correlations referred to above lead to the requirement of an
individual configuration of production control for each company. By taking into account that the know-how about
the functionality between production control and logistic targets is often not given in companies, they can on the one
hand not decide how to ameliorate, and on the other hand, they do not know about the quality of their current
production control configuration.
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STATE OF THE ART

Driven by numerous production control concepts from theory as well as from practice companies have to face the
problem to decide which one will be best for their specific situation. Practical examples show that the application of
control  concepts in industry is done without the knowledge of their specifics (Schuh et  al.,  2010). To make an
informed decision about the quality of the current production control configuration and their possible replacement
there are different approaches in literature outlined below.

Production operating curves 

The  concept  of  production  operating  curves  developed  by  Nyhuis  and  Wiendahl  allows  a  logistics-oriented
evaluation and designing of complex production systems (Nyhuis and Wiendahl, 2012). Therefore company specific
operating curves analog Fig. 3 have to be calculated.

Figure 3. Principle trends of production operating curves (Adapted from Nyhuis and Wiendahl, 2009)

Figure 3 shows the connections between WIP (Work in Process), output rate, throughput time, costs and schedule
reliability. Based on a given WIP level, the resulting other values can be read out (Nyhuis and Wiendahl, 2009). As
the lines work in opposite directions the polylemma between the four logistic targets becomes obvious. Production
operating curves enable companies on the one hand to evaluate if their current operating point is suitable to their
goals and on the other hand to recognize in which direction WIP level has to be changed to reach a more suitable
operating point.

Studies concerning the impact of production control configuration to logistic targets

In literature a lot of simulation studies exist about the examination of the impact of defined production control
aspects to the productivity of production systems. At this point, two studies dealing with sequencing rules will be
exemplarily presented due to the fact that these will explain the main restrictions. These are the studies from Fischer
of 2007 and Bahaji and Kuhl of 2008. Table 1 gives an overview over the examined sequencing rules and the used
evaluation parameters.
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Table 1: Studies about the effect of sequencing rules (Bahaji and Kuhl 2008; Fischer 2007)

Sequencing rules Evaluation parameters

Bahaji and Kuhl - FIFO (first in first out)

- EDD (earliest due date)

- Critical  Ratio  (defined  delivery
date/remaining process time)

-  WINQ (least Total Work in the Queue)

- Average throughput time

- Standard deviation of throughput time

- Maximum throughput time

- Average tardiness

- Percentage of delayed orders

Fischer - FIFO

- SJF (shortest job first)

- LJF (longest job first)

- Slack  (defined  delivery  date  minus
remaining process time)

- Average throughput time

- Percentage of delayed orders

The studies focus on different sequencing rules and use different evaluation parameters. This phenomenon can be
applied  to  all  similar  studies.  Due to  the  fact  of  different  contents  they  although evaluate  the  degree  of  goal
achievement by different sequencing rules but through the usage of different evaluation parameters they cannot be
compared. On top of that nearly each study is using a different simulation model (e.g. Bahaji and Kuhl used a
production scenario with 85 working systems, whereas Fischer makes no comment). In the wake of  non-uniformity
or contradictory statements the studies about the general effect of sequencing rules or other configuration aspects of
production control to logistic targets are not apt to support the evaluation of the quality of a given production control
concept. 

Evaluation of the presented concepts

As motivated within the introduction there is a need for a tool to evaluate the quality of companies’ production
control. Due to the purpose of fast and repeated practical application the presented concepts show the following
weaknesses. The first presented concept of production operating curves integrates the company-specific situation
and enables the determination of the best operating point. By contrast, no statement concerning the measures to
reach the best operating point were made. The second presented concept has the drawback that it is generic. It does
not include the specific situation of a company. Whereas the operating curves allow each company to find their best
operating  point,  the  different  studies  use  models  to  show  general  connections  between  the  configuration  of
production control and the logistic targets. Moreover,  the statements of the different studies concerning the best
configuration  for  reaching  a specific  logistic  target  are  partly contradictory.  For example  four studies  compare
KANBAN and CONWIP directly concerning WIP and output (Huang et al., 1998; Pettersen and Segerstedt, 2009;
Gstettner and Kuhn, 1996; Muckstadt and Tavur, 1995). Huang et al. and Pettersen and Segerstedt conclude that
CONWIP leads to a lower WIP level by constant output. Gstettner and Kuhn and Muckstadt and Tavur find that
KANBAN leads to a lower WIP level by constant output. Summing up, the presented concepts do not fit to essential
requirements, which are described below.

REQUIREMENTS

The mentioned deficits result in the fact, that companies need a simple tool to check the quality of their current
production control and to check the potential which could be exploited by changing the configuration of production
control. To ensure the practical suitability the boundary conditions of companies have to be taken into account:

1. In  the  wake  of  dynamic  markets  products,  production  technologies,  quantities,…often  change.  In
combination with the fact that in daily business production scheduler do not have the time to think about
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strategic questions the requirement for an evaluation system which can be used with little effort and thus,
as often as changed situation indicate revaluations, exists.

2. The evaluation system to be developed has to contain all relevant aspects to give a comprehensive picture
including existing interactions between logistic targets.

3. In order to enable the comparison of changes in time course as well as the comparison of indicator values
of comparable companies the evaluation system has to be standardized. Fix categories and key indicators
have to be defined and reference areas have to be determined.

4. For the reason that people without special know-how on the area of production control should be able to
understand the results, the defined key indicators have to be visualized in an intuitive way. Furthermore
recommendations for actions and reference areas have to be implemented to support the interpretation of
the calculated results.

Summing up, the following three key issues have to be regarded:

 How can an evaluation system for application with minimal effort be build up?

 Which elements have to be included into the evaluation system to make it complete and standardized?

 How can the information be visualized to make it easy to understand?

These requirements for future evaluation systems of production control quality have to be met in the near future so
that  manufacturing  companies  can  stay  or  become  competitive  in  global  markets.  In  the  following  these
requirements  will  be regarded  by describing an approach  for  interactive  analysis  and  evaluation  of  production
control.

PERFORMANCE CHECK – AN APPROACH FOR INTERACTIVE 
ANALYSIS AND EVALUATION

The key objective of this paper is the introduction of the Performance Check. This web-based tool calculates its
indicators on the basis of feedback data of the ERP-system. This data should be available for at least two month.
Additionally work schedules, resource lists and shift models out of the operating system are needed. Out of this, the
user is given insight into the quality of his production control and the potential laying in the existing production
structure by provision of seven individual indicators. The seven indicators can be structured into three categories:
production structure indicators, production control indicators and potential indicators.  As a whole they allow an
overall evaluation of production control. In the following the three categories will be explained by usage of an
existing case so that the combination of analysis and evaluation could be outlined. The data used for the case is out
of an SME company of machinery and equipment industry.

Background blood count

The idea for the development of the Performance Check, described in the following, comes from the field of blood
analysis. The first blood counts were performed by Professor Karl Vierordt of the University of Tübingen in 1852
(Blaha-Kaplans,  2012).  After  him,  several  others  like  Pierre-Carl  Joseph  Potain,  Louis-Charles  Malassez  and
Georges Hayem developed their own techniques (Verso, 1964). Nowadays, the existing methods are among other
things put together into two standardized examinations: the blood count and the full blood count. Characteristics of
these two examinations are:

 Defined purposes: The blood counts are on the one hand used to validate suspected diagnoses and on the
other hand to find out what could be the reason for certain symptoms (Perry, 2012)

 Defined input: Both examinations need EDTA (Ethylene Diamine Tetraacetic Acid) stabilized blood to get
reliable results (Gressner and Arndt, 2007)
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 Defined output: Each of the examinations has fix values which have to be determined. The blood count for
example includes the leukocytes and thrombocytes, the full blood count includes all values of the blood
count and further values like monocytes (Gressner and Arndt, 2007)

 Defined methods: To determinate the values specified methods have to be used. Thus, the results allow the
comparison between different laboratorys (Blaha-Kaplans, 2012) 

 Defined reference areas: To interpret if a determined value is normal and the person is healthy or if the
value is not normal and the person might be ill reference areas were defined (Blaha-Kaplans, 2012)

As the blood count and full blood count represents a quick, standardized and meaningful examination to check the
medical condition of a person, the approach described in the following transfers the mentioned aspects in production
environment and thus presents a method to check the quality of production control.

Production Structure Indicators

This first category is on a high aggregation level  and thus provides overall  information, not detailed for single
machines or orders. The category includes three single indicators: data quality, process complexity in production and
overall  equipment effectiveness.  Figure 4 shows the indicators for a machinery and equipment manufacturer  as
could be seen on the overview sheet of the performance check.

Figure 4. Production structure indicators

The chart concerning data quality shows a section out of all identified faults contained in feedback data out of the
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ERP-System. On the overview page just the top five faults are mentioned whereas in detail sight all faults can be
analyzed. The company of this case shows the main faults double feedback (some process steps are reported twice),
missing start dates, missing end dates, inconsistent machines and missing machines. Driven by the fact that the top
five faults occur just in 6.7 % of the feedback data, the given input data is from high quality and can thus be used to
generate reliable indicators.

The chart concerning process complexity names on the overview page just the average number of successors of each
machine.  In  this  case,  in  average,  every  machine  delivers  orders  to  seven  different  following  machines.  This
indicator shows the high complexity of shop fabrication. This kind of production structure is typical for machinery
and equipment industry.

The chart concerning OEE is on a comparable level of aggregation as the two other indicators. The first bar indicates
the degree of capacity utilization referred to an availability of machines for 24 hours seven days a week. With only
15 % utilization the company reveals  high potential  concerning an increase  of  output without  the necessity  of
investment in new machines. Out of 15 % utilization 75 % are execution time and 15 % setup time. Concerning the
case of a company out of the machinery and equipment industry on the one hand 75 % execution time are unusually
high due to the fact that in most cases the high product variety leads to a lower part of execution time. On the other
hand just 15 % utilization is typically low for productions which are hardly automated.

Summing up, the category production structure indicators  gives a first  insight in high level  core criteria  which
allows better interpretation of the following indicators due to the provision of information about the production as a
whole.

Production Control Indicators

The second category focusses on indicators showing the quality of production control. This category includes the 
indicators Bottlenecks, Throughput Times and Work in Process which are shown in Fig. 5 and explained in the 
following.
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Figure 5. Production control indicators

The chart bottlenecks shows the process time and the wait time over the given period for each machine. The process 
time is the sum of execution time and set up time visualized by the grey bars. The blue line represents the wait time. 
The comparison of these two factors allows conclusions to the production control performance. Altogether, the 
machines with long waiting times have to be examined critically, to find out the reasons why materials have to wait 
long for handling in front of these machines. The following four special cases can be read out:

Table 2: Different cases of Bottlenecks

Wait time Process time Description Possible Solution

High High Capacity bottlenecks:
Machines are overloaded

Raising of capacity through e.g. 
investment or changed shift 
models

Low High Machines are used to capacity No measure have to be taken

High Low Organizational bottlenecks: 
Machines have free capacities but 
there is a lack of staff to operate the
machines

Optimization of man-machine 
assignment
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Low Low Machines are underloaded Reduction of capacity through e.g.
disinvestment of machines or 
adjustment of work plans

The chart enables the user to get the needed information at a glance and to concentrate on the machines with most 
problems. The described analysis and evaluation is supported by several interactive components in detail sheet 
which help the user to concentrate on relevant machines, relevant periods and relevant data. Therefore, a filter for 
selection of only a part of the given period is implemented. By click and pull the period can be varied and so be 
limited to relevant periods concerning the future production scenario. Several further selection possibilities are 
implemented. To mention just a few ones, it is possible to choose machines separate or to choose all machines with 
wait time longer than one day. The option to show machines from one special part of the production or to show just 
wait times or only process times exists as well. The case of Fig. 5 shows that the company has both, capacity and 
organizational bottlenecks. As mentioned in Table 2, different measure concerning the bottlenecks can be taken. 
This chart is a hint concerning the structure of shop fabrication due to highly different levels of wait and process 
times of the machines. In contrary, for line manufacturer the capacity situation of the different machines is more 
homogenous.

The chart concerning throughput times is visualized in the middle of Fig. 5. At first sight, the average throughput
time and the average number of process steps can be read out. The chart shows, visualized as blue points each
production order with its number of process steps and its throughput time. The darker the blue, the more often the
combination takes  place.  The typical  image of the chart  is  that  the blue points build up a cloud more or  less
concentrated on the bisecting line. This scenario means, that the more process steps a production order includes the
longer the throughput time is. The dispersion shown in Figure 5 leads to another statement. With an average number
of two process steps and an average throughput time of nearly ten days the shown orders include only a small
number of process steps as well as ten days throughput time is not very long. The throughput times are indifferent to
the number of process steps. This is a hint for long wait times. The high spread of the throughput times becomes
evident in this chart. An order including two process steps can take from 1 to 219 days until the production end date.
This makes it hard to determine delivery dates. As well as the above described chart of the Bottlenecks, this one also
includes a time filter to concentrate on relevant periods. With another filter the relevant spectrum of throughput
times can be specified. The production orders out of this area were marked in grey, so that the effect of filtering can
be seen. 

The chart concerning work in process, which means the number of released and not yet finished production orders,
is shown at the bottom of Figure 5. The more orders are released, the higher the capital costs are and often the more
unpredictable the throughput times are.  The object is to find out the range of an optimal WIP level,  where the
production  does not  get  empty and  machines  are  not  underloaded.  The interactive  component  of  time filter  is
implemented  in  this  chart  in  the  same  way  as  in  the  two  other  mentioned  diagrams.  The  company  used  for
explanation shows a WIP level which was in 29 % of the observation period in the optimal area but more often with
too high (50%). The high WIP level leads to long throughput times whereas the fluctuations lead to a wide spread
concerning throughput times. Both phenomena can be seen in the chart throughput times.

Altogether, the category production control indicators serves the evaluation of production control. As mentioned for
the  single  indicators  the  company’s  production  control  configuration  demonstrates  some  weaknesses.  First,
organizational and capacity bottlenecks have to be avoided. Second the spread of throughput times has to be leveled.
Third the level of WIP has to be kept at a constant and optimal level. The third category of potential indicators will
show if it is possible to reach improvements concerning the mentioned weaknesses through adaptions of production
control configuration.

Potential Indicators

The third category focusses on the potential laying within a given production structure. Therefore defined changes
concerning the configuration of production control tasks were simulated automatically. In a first step the tool builds
up a simulation model in Plant Simulation out of  the existing feedback data which was used for  the first  two
categories  as  well.  With  this  model  the  basis  scenario  (current  production  control  configuration)  and  changes
concerning order release,  sequencing and capacity control  were simulated. The results are shown by listing the
fulfillment of the four logistic targets of each simulation scenario as could be seen in Fig. 6.
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Figure 6. Potential indicators

The blue line marks the current production control configuration, the white line one simulation scenario. The light
grey zone marks the limits of the reachable values. This zone could be limited manually concerning acceptable value
areas for the company. This is done by the dark grey zone. Due to the contradictions of the four logistic targets the
amelioration of one value often leads to disadvantages concerning at least one of the other logistic targets. This
phenomenon shows Fig. 6. Whereas the simulation of the sequencing rule Fifo (First in first out; white line) leads to
a lower WIP level, shorter throughput times and higher adherence to delivery dates the utilization gets lower. 

Summarizing this category shows the possibilities to avoid the determined weaknesses of category two. In the given
example the simple simulation of Fifo already leads to an improvement of three logistic targets. Normally not only
one but  a  defined  number  of  simulation scenarios  can  be  compared.  Due to  the  contradictions  of  the  targets,
companies finally have to decide to which of the logistic targets they give priority.

Benefits

The tool Performance Check is able to give a quick overview over important key indicators of production control
with little effort because of using existing data out of the ERP-system and automated building of simulation models.
The simple application results in the possibility to use the tool more than once and thus allows the comparison over
time. On top of that, the standardized form of the Performance Check leads to comparability between different
companies. Due to the interactive elements, the user can filter in each diagram to show just relevant parameters. So
the tool could easily be adapted to different questions by choosing e.g. another level of granularity or by limiting the
analysis of the production area of interest. Altogether, the information given by the seven indicators, allows the
evaluation of the current configuration of production control. 

OUTLOOK

Further research need exists concerning the interpretation of the evaluation results. Whereas  experts are able to
interpret the values and to define measures, laymen need some assistance. Therefore a benchmark will be included
to each indicator, so that companies can compare if they are better, worse or equal to other similar companies. This
will give an important hint concerning the competitiveness of a company. Another component to be included is the
automated creation of measures out of the analyzed values. Through defined checks the tool will propose specific
measures for each indicator. To give an example, the tool will check the relation between wait time and process time
in  the  bottleneck  chart  and  then  will  mention  the  machines  which  are  e.g.  organizational  bottlenecks  due  to
significant longer wait than process times. Therefore the limits for each of the four mentioned cases in Table 2 have
to be defined.
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