KPI Selection for Tooling and Die Industry

Subjects: Engineering, Industrial

Contributor: Pedro Espadinha-Cruz

In the last few decades, the fast technological development has caused high competitiveness among companies,
encouraging a pursuit for strategies that allow them to gain competitive advantage, such as the monitoring of performance
by using key performance indicators (KPIs).
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| 1. Introduction

The automotive industry has always been a significant contributor to the global economy since it represents one of the
largest manufacturing industries . In Europe, this industry represents 6.1% of the total workforce and large percentage
(2 of total production and capital investment in the manufacturing sector—a turnover over 7% of EU gross domestic
product (GDP) El. Due to the high number of companies operating in the manufacturing sector, competitiveness between
them has been increasing, motivating the awareness that to remain active in the market and to differentiate from different
competitors, they would have to invest in innovation techniques among their operational areas 4. The insufficiency of
control over the processes/activities carried out in a company affects its operating results and process performance,
driving the company to identify which are the most affected areas that need to be improved. One of the strategies that has
been adopted by companies over the past decades is the measurement of process performance, as well as the use of
tools that allows the visualization and monitoring of their status 21,

Measurement is a fundamental tool for all companies and institutions, since the result directly impacts the way of
executing the processes and the behavior of those who make part of it, setting them at an evaluation stage in relation to
the objectives set by the organization €. Hence, performance measurement systems (PMS) were introduced [, which
allows the visualization and analysis of the performance of the different processes 8. In order to achieve a proper
performance of such types of systems, it is necessary to define key performance indicators (KPIs) @19 KPIs are,
undoubtedly, the essential measurement and control tools within all the processes of an organization. These indicators
allow identifying if the activities are being carried out efficiently, and help optimizing all the resources involved 1. KPIs
must reflect the corporate strategy and competitive factors of the organization, and they must focus on the method to
achieve results 1218l KP|s have also to be meaningful, coherent, objective driven, and a standard for objectively
comparing different organizations 141,

However, the process of selecting KPIs can be difficult since there is a wide range of alternatives from which, in order to
obtain the greatest benefit, an adequate number must be chosen. Therefore, it is important to define the main concepts of
the decision-making process and select the most suitable KPIs. This can be achieved by resorting to analytic network
process (ANP) 181, Therefore, many professionals are relying on decision-making methodologies L8IL718] sych as ANP,
to review which are the aspects or criteria that must be considered in management, in order to obtain a greater benefit for
the company.

In previous studies, the ANP model has been used to assist the decision-maker in the process of selecting KPls, being
identified as a valuable and powerful tool for management, since it uses the decision-makers input to prioritize KPIs
logically and consistently 2. However, just a small number of studies concerning the application of the ANP to prioritize
KPIs for manufacturing industry were identified L9[2Q[211122]  gpecifically in the automotive tool, die and molding industry,
where only one study was identified 23, However, this study focused on the development of generic KPIs for smart
factories and tested their method in several industries and only one of those industries comprised injection molding.

The automotive tool, die, and molding industry is a specific industry with unique characteristics. Although most KPIs are
general in nature and can be easily modeled to different processes, industry specific KPIs would allow maintaining a good
alignment with the strategy and processes of tool, die, and molding manufacturing processes.



| 2. Literature Review
2.1. Performance Evaluation and Performance Measures

Due to the high competitiveness environment in which the industry finds itself in, the interest in techniques and tools that
enable better control and supervision of the companies’ performance has been steadily growing 24, The research for
techniques and tools for controlling and visualizing performance allows companies to identify gaps in their processes,
allowing an improved management of their resources, enhancing possible improvements in them 2. The use of KPIs
emerges as a tool to evaluate and quantify the performance of the processes, regarding a set of previously established
objectives 123 The use of these metrics has been embraced in several areas such as education, agriculture (28] financial
service 24, transport 28 industry 9 healthcare B9, supply chain B risk management B2, quality control B3],
maintenance 34!, and construction 32!, among others.

Currently, many different metrics are employed for measuring the performance in almost all types of processes. However,
sometimes these happen to be erroneous and used incorrectly, leading companies to work with wrong measures and be
incorrectly monitored. Inadequate metrics can lead to problems such as poor information concerning the root causes of
many problems & or poor alignhment between the strategic and operational levels of companies B3l Hence, the use of
inaccurate or inadequate indicators causes companies to fail in meeting the initially established objectives.

The use of key performance indicators (KPIs) as a metric to control has been much more recurrent due to the fast growth
and adaptation of companies to the concepts of Industry 4.0, which aims to access information through technological
means, greatly facilitating the use of KPIs 2. Therefore, the use of KPIs becomes a tool of great importance for
management, since through its use it becomes possible to separate non-useful from useful information, offering company
managers a transparent view, and possible paths on how they can improve these processes 1. However, KPIs can also
be used in the risk analysis area, as they demonstrate where problems are located in processes that cause delays and
malfunctions in the company (bottleneck) 9. Accordingly, KPIs are metrics that define the state of the process to be
studied in comparison to a previously established objective 411,

2.2. Multicriteria Analysis to Support Decision in Choosing KPIs

Performance evaluation can be defined as a systematic activity, which consists of quantifying, effectively and efficiently, a
concept or an action. Consequently, the activity of measuring the performance of the processes involves the use of
performance measurement systems (PMS) in order to take advantage and benefit from the available information, hence
changing companies by making them open organizations in terms of sharing information 2. For companies to benefit
from PMS, it is crucial that these systems present clear definitions of the performance of activities and that the metrics are
highly accurate. Hence, it is essential that a rigorous selection of KPIs is used to control the activities that are being
carried out 48], However, selecting KPIs is a complex task for companies, in addition to being one of the most key aspects
in the development and use of PMS, the choice should be very restrictive since only a small number of KPIs should be
selected. The restrictive selection is done as it is intended to avoid overloading the PMS with irrelevant information,
allowing companies to obtain a clear view of the performance of their activities. However, it is a common practice to
choose a higher number of KPIs for measuring the company’s performance by its managers, since there are is high
number of KPIs available for them to choose 431,

Since the number of KPIs to be selected represents a finite number and its selection decision process implies the analysis
of different factors to be taken into account, it is possible to state that the process is characterized as a multiple criteria
decision making (MCDM) 4451 Through model application, it is possible to identify which KPIs are most relevant for
measuring the company’s performance. In literature, the most common MCDM models include the elimination et choice
translating reality (ELECTRE) model; the technique for order of preference by similarity to ideal solution (TOPSIS) model;
the analytic hierarchy process (AHP) model 4€: and the fuzzy AHP model 4,

2.3. Analytic Network Process

The use of analytical network process (ANP) in decision problems, specifically in problems related to performance
measurement, is still very poor in the scientific literature. However, in the study 48], it was possible to verify the application
of ANP in the scope of decision problems, having presented some of the application areas of the ANP, as well as some
examples of its use. With the realization of this study, it was possible to conclude that the areas where the application of
ANP is more common are business and financial management.



The identified studies where the ANP was used to assist the selection of KPIs appears to be quite comprehensive as to
their areas of application. However, a limitation in the research is found regarding the application area, and no studies of
the application of the ANP model were identified in the automotive press molding industry.

The ANP is an MCDM considered a generalization of AHP. The ANP was developed by Saaty in 1980 to assist in the
decision-making process in problems where a need exists to relate the elements in the clusters, but also relate the
different clusters 49, The largest difference between the AHP and the ANP is the fact that the ANP does not require a
linear hierarchical structure, but rather a structure where it is possible to relate the different elements of the several
hierarchical levels, modeling the decision problem in a network structure. In addition to this differentiating aspect, the ANP
also presents a feedback relationship between the different hierarchical levels of the structure. Therefore, when using the
network structure, where all factors and criteria that influence the decision are included, it is possible to identify the
feedback relationships that exist not only within the clusters themselves (internal dependency) but also among others
(external dependency) [29[51],

The ANP’s most known advantage is that the method allows comparisons to be made not only between elements within
the same cluster but also between elements of different clusters, considering the impact of these dependencies through
feedback, leading this method to show more reliable results. However, since this method considers different existing
dependencies, as well as the impact they have on each other, carrying out a large number of comparisons is required
and, consequently, generates problems of inconsistency 2258 Hence, ANP captures the inherent complexity of decision
problems instead of forcing them into a hierarchy simplification, such as in the case of AHP or TOPSIS B4l Since the
automotive tool, die, and molding industry is a specific industry with distinctive characteristics and many KPIs, an ANP
decision model with many comparisons could be a solid contribution to the literature.

| 3. Methodology for KPI Selection
3.1. Proposed ANP Model to Select KPIs for Mold Manufacturing

To aid in the KPI selection process an ANP decision model is used, since it can evaluate the influences that KPIs have on
each other, either directly or indirectly (feedback relations) BU54, The proposed ANP model, as depicted in Figure 1,
consists of three sets of clusters: objective, criteria, and alternatives.

KPI Learning
and Growth

KPI Finance

KPI Internal
Processes

KPI Chients

Figure 1. ANP structure in the KPI selection process.

The “objective” cluster consists of a single element, which is the objective of the problem: “the identification of KPIs that
allow monitoring performance of the mold manufacturing process”.

The objective is fulfilled through the selection of alternatives (i.e., KPIs) evaluated through a set of criteria. The “criteria”
cluster consists of a set of factors that influence the decision-making process, from the set of alternatives presented to the
decision-maker. The existence of criteria ensures that the decision-maker considers different aspects when choosing
between different alternatives. The set of criteria selected was based on a research process in the scientific literature, with
the following criteria and respectively associated identified objectives “2!:

e Costs: reduce;
« Productivity: increase;

« Quality: increase;



Employee satisfaction: increase;
« Safety: increase;

« Learning and growth: increase;
« Customer satisfaction: increase.

The “alternatives” cluster is made of the several alternatives available for the decision-maker to make a choice. Thus,
KPls represent the alternatives that the decision-maker has. The arrangement between those clusters in the structure of
network instead of a hierarchy due to the high number of existing KPIs that are adequate to mold manufacturing
performance measurement. Since cluster size should not exceed nine elements 3, developing the ANP model led to
arranging KPls in Balanced Scorecard (BSC) categories B8I37:

e Financial: It includes financial KPlIs, such as profit and return on investment, allowing shareholders to verify the
company’s financial success;

« Internal processes: In this perspective there are KPIs that reflect the effectiveness and efficiency of the operations
carried out in the company, ensuring that they meet the expectations and requirements imposed by both the company
itself and the customer. An example of KPIs used in this perspective can be productivity and efficiency;

« Learning and growth: It refers to the infrastructure and available resources that the company holds, whether physical,
human, or organizational procedures. Therefore, KPIs related to the performance of employees and their development
within the company are used, such as employee satisfaction, hours of training, and retention rate;

« Customers: This category is based on the necessary measures to satisfy the requirements imposed by the customer
and to remain competitive in the market. As such, customer oriented KPIs are used, such as customer satisfaction and
customer retention.

Apart from splitting the “alternatives” cluster into four BSC clusters, another reason for selecting ANP instead of AHP was
the dependencies among cluster elements. Before model implementation, direct and reciprocal dependencies must be
identified 581,

3.2. The Proposed Method for Selecting and Implementing KPIs

In order to assist the selection process of KPIs using the suggested ANP model, the method depicted in Figure 2 is
proposed. The KPlIs selection process starts with the identification of KPIs in literature. Subsequent steps are organized in
two phases: model development and model application. In the first phase, criteria to evaluate alternatives is researched in
literature and selected. Then, dependencies among objects (objective, criteria, and KPIs) are mapped. The subsequent
phase consists in obtaining pairwise comparisons correspondent to objects’ relationships. After the ANP model is
developed and applied, one must verify the matrices’ inconsistencies. When matrices are consistent, results must be
analyzed and discussed with decision-makers. Last, after selecting the necessary KPIs, then they are implemented.
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Figure 2. Proposed methodology to select and implement KPlIs.

3.3. KPIs Applied in the Manufacturing and Mold Industry

In order to identify the existing KPIs in the manufacturing and mold industries a literature review was conducted. The
research carried out was based on publisher search engines such as Science Direct, Emerald Insight, and Springer,
where terms such as “mold casting KPIs”; “KPI manufacturing industry”; “KPI industry”; and “Performance indicators

manufacturing industry” were mostly searched.

As many as 58 KPIs were identified through this search that can be observed in Table 1, these being related to industry,
which comprise areas such as planning, project management, financial, logistics, environmental, quality, production, and
security. Although the objective was to determine KPIs for manufacturing and mold industry, the identified KPIs are
general in nature and transversal to other industry sectors. Through this literature review it was not possible to identify
industry specific KPIs for mold manufacturing. However, the correct application of KPIs requires their correct adaptation to

the manufacturing and business processes.

Table 1. KPIs that can be used to access performance in the automotive press molding industry.

KPI References
Deviation from the project budget [59]
Budget for operational activities [59]
Transport and warehouse costs [59]
Maintenance costs for production carried out in a given period of time a4
Labor costs [60]
Profit [21]
Return on investment [21]
Rework costs [61]
Inventory cost [61]
Percentage of total cost spent on manufacturing 62
Percentage of machine usage [63]
Rate of good quality products [64]
Product loss rate [64]
[64]1

Rate of products manufactured with quality at first time




KPI References

Rate of products requiring rework [64]
Mean time to failure (MTTF) [64]
Corrective maintenance rate [64]
Queue times [63]
Quantity of waste [63]
Planned busy time [63]
Planned operational time vs. planned [63]
Order execution time vs. planned [63]
Machine downtime [63]
Unit busy time [63]
Actual unit setup time vs. planned [63]

[14]

Percentage compliance with planned operations time
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