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SUMMARY

This thesis investigates how standard operating procedures (SOPs) at SKF can be designed
to support reliable Time Data Management (TDM). Reliable time data and efficiency
measures are essential for production planning, cost calculation, and strategic decision-
making. However, manufacturing companies often experience mismatches between actual
shop-floor operation times and the time standards stored in databases and systems. At SKF,
the implementation of a new manufacturing intelligence system (MIS) has created new
opportunities to improve the quality and traceability of production data. However, reliable TDM
depends not only on technological capabilities, but also on clearly defined organizational
procedures and responsibilities.

The study was conducted as a mixed-method case study at SKF’s roller bearing production
facilities in Gothenburg. Empirical data were collected through internal documentation, semi-
structured interviews, workplace discussions, observations, and production related data. The
collected data was analyzed to identify recurring issues, patterns, and organizational
challenges connected to the management of time data and efficiency measures. In addition,
several identified issues were further examined through quantitative analysis.

The findings revealed challenges related to both the design of the existing SOPs, and the
adherence to them in practice. Weaknesses were identified regarding unclear responsibilities,
inconsistent definitions, insufficient alignment between systems, infrequent updates of time
data and efficiency measures, and reliance on comparison and estimation-based time
determination methods. Together, these challenges contribute to reduced reliability of data
used in production planning and standard cost calculations.

Based on the findings, an updated SOP is proposed to support more reliable TDM. The
proposed approach establishes clearer ownership of tasks, consistent definitions, improved
alignment between systems, and a standardized revision procedure supported by data
enabled by the MIS, thereby improving the reliability of data used in production planning and
cost calculations.

Keywords: Time Data Management, mismatch, standard operating procedure, manufacturing
intelligence system, production planning, cost calculation, time standards, efficiency
measures, digital transformation
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Introduction

This chapter introduces the background of the study and presents its purpose, research
questions, scope, and limitations.

1.1 Company background

SKF is a multinational company founded in 1907 (SKF, 2026). Today, the company
operates in more than 130 countries with a workforce of over 38,000 employees and a
distribution network of over 17,000 distributors. SKF develops and manufactures inno-
vative products and solutions to reduce friction, which can be found wherever there is
movement. As less friction leads to reduced energy consumption, SKF’s products and
solutions are enabling society to move toward a future where more can be achieved
with fewer resources.

SKF has three production areas (TVOs) in Gothenburg: D, E, and R. TVO D produces
medium-sized spherical roller bearings. TVO E produces large-sized spherical roller
bearings designed for heavy industrial applications involving heavy-duty machinery.
TVO E has an additional remanufacturing department that focuses on the restoration
of large industrial bearings received from customers. TVO R produces the spherical
rollers used in the bearings. The majority of the total volume is allocated to the bearings
manufactured in Gothenburg, while a small share of the produced rollers is supplied to
the bearings produced in other countries.

The three TVO units in Gothenburg differ in several aspects of their production en-
vironments, particularly with respect to automation level, batch sizes, and cycle times.
TVO D is characterized by larger batch sizes, shorter cycle times, and a higher degree
of automation, making it well suited for efficient, high-volume production. TVO E, in
contrast, operates with longer cycle times and a lower level of automation, reflecting its
focus on large, complex bearings and more flexible manufacturing processes. TVO R
operates with varying batch sizes, as production is mainly made to order for each batch
of bearings. The overall production has a lower level of automation, although certain
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elements are fully automated.

1.2 Problem background

During the last decades, companies have re-acknowledged the importance of time as a
strategic tool and the challenges involved in establishing accurate time standards (Kuh-
lang et al., 2014). Several companies are experiencing issues related to poor quality
time standards, which refer to time data stored in various databases and systems (Alm-
strém, 2024). A common problem is a mismatch between operation times on the shop
floor and the data stored in databases and systems, negatively affecting production
planning accuracy, cost calculation precision, and strategic decisions. According to
Almstrém and Winroth (2010), there are three principal causes for this mismatch: op-
eration times can be defined incorrectly from the beginning, additional allowance time
to handle temporary disturbances is prone to becoming permanent and accumulating
over time, and the operation times are rarely updated.

SKF is currently implementing a new manufacturing intelligence system (MIS) across
its three TVOs in Gothenburg, replacing the existing disturbance reporting and per-
formance evaluation system. The new system, Factbird, provides real-time visibility
and data-driven insights into production, enabling faster and more informed decision-
making (Factbird, n.d.). By capturing operational data in real time, the system gener-
ates more accurate and traceable information, including actual cycle times for different
production variants as well as actual setup times. This creates an opportunity to im-
prove the quality of time data and, consequently, operational performance.

SKF is aware of an existing mismatch and aims to evaluate the improvement potential
of the new MIS, particularly in terms of its ability to support reliable Time Data Man-
agement (TDM). TDM refers to the determination, usage, and administration of time
standards. These time standards, such as operating times and setup times, are used
to support production planning, cost calculations, and strategic decision-making (Alm-
strdbm, 2024; Kuhlang et al., 2014). However, Hedman and Almstrém (2017) argues
that achieving high quality time data requires more than technological solutions, em-
phasizing the importance of a well-structured TDM organization. While technological
solutions can enable improved data collection, it remains unclear how technological
and organizational factors should be aligned to ensure reliable TDM at the company.
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1.3 Purpose

The purpose of this thesis is to investigate how standard operating procedures at SKF
can be designed to support reliable Time Data Management.

1.4 Research questions

To fulfill the purpose, a set of research questions was formulated to guide the direction
and scope of the study. These questions are presented below:

» How are standard operating procedures currently designed and adhered to at
SKF?

* What effects do the current standard operating procedures and adherence have
on reliable Time Data Management?

» How should standard operating procedures be designed to better support reliable
Time Data Management?

1.5 Limitations

The thesis focuses on how reliable TDM can support the supply chain and controlling
departments at SKF. Although time standards also influence other departments, these
areas are not examined in detail within the scope of this study. The analysis is there-
fore limited to the perspectives and requirements related to supply chain planning and
controlling, and the conclusions should be interpreted primarily within the context of
these functions.

The thesis is limited to the TVOs in Gothenburg due to access to relevant interviewees
and empirical data. Furthermore, Gothenburg is a site where manufacturing intelli-
gence initiatives related to time standards and performance measurement are being
actively developed, making it a suitable context for studying standard operating proce-
dures (SOPs) and TDM.

In line with the purpose of the thesis, the investigation emphasizes how SOPs can be
designed to support reliable TDM. While supporting systems and tools are acknowl-
edged as important enablers, the thesis does not describe how such systems should
be technically implemented or configured and is therefore discussed only at a concep-
tual level.

Due to time constraints, this thesis is limited to investigating and, if deemed necessary,
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proposing an improved SOP. The study does not include the practical implementation
of the proposed procedure at SKF, nor an evaluation of its effects after implementation.
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Frame of reference

This chapter presents the theoretical foundation by introducing relevant concepts and
theories that provide the necessary contextual background to support the understand-
ing of the report.

2.1 Measures

Overall Equipment Effectiveness

Overall Equipment Effectiveness (OEE) is a comprehensive key performance indicator
(KPI) that reflects the efficiency of a work unit (Almstrém et al., 2017). It is based on
three basic KPIs: availability, effectiveness, and quality. Availability shows the propor-
tion of scheduled operating times that the production unit actually produces. Effective-
ness refers to the relationship between the planned cycle time and the actual cycle
time. The quality ratio indicates the proportion of the products produced that comply
with established quality standards. OEE is calculated by multiplying the three basic
KPls, as shown in equation 2.1.

OEE = Availability x Effectiveness x Quality (2.1)

Hedman et al. (2016) explains that downtime losses are applied when calculating the
availability factor, speed losses are used to determine the equipments effectiveness
factor, and quality losses are incorporated into the calculation of the quality factor.
Nakajima has defined six big losses which these three factors aim to capture (Naka-
jima, 1988).

According to Nakajima (1988), downtime losses consist of two main types: equipment
failures, and setup and adjustments. Equipment failures losses arise when productivity
is reduced or when defective products lead to quantity losses. In contrast, setup and
adjustment losses occur when production of one item ends and the equipment must
be configured for the next item.
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Furthermore, Nakajima (1988) describes that speed losses include idling and minor
stops, as well as reduced operating speed. Idling and minor stops losses refers to
when the production is briefly interrupted due to small malfunction or when a machine
is idling. Reduced speed is the difference between the planned speed and the actual
operating speed.

Finally, quality losses, as defined by Nakajima (1988), comprise reduced yield and
quality defects and rework. Reduced yield losses occur during the ramp-up phase of
production, from the machine startup until stable operation is reached. Quality defect
and rework losses arise when malfunctioning equipment causes products to fall short
of required quality standards.

Cycle time

Bellgran and Safsten (2010) defines cycle time as the time required to complete one
unit in a process step. This may be delayed by various factors or events such as
machine downtime, product quality issues, or operator inefficiency, to name a few ex-
amples (Chen, 2026). Chen (2026) also mentions that some authors exclude waiting
time from the definition of cycle time, meaning that cycle time is equivalent to the total
processing time.

Setup time

Zandin (2001) defines setup time as the time elapsed from the moment when the pro-
duction of the previous product stops until the production of non-defective units of the
next product is confirmed, and therefore includes more than just the time required for
changing tooling and parts. Frequent setups, resulting from the production of many
different products in small batches, results in lower utilization and reduced production
hours. Any line that is not dedicated to a single product will require setup activities.
Consequently, setup time becomes unavoidable in many industries.

Quality

Bellgran and Séfsten (2010) defines that quality is achieved when products demon-
strate high performance and comply with specified requirements. To assess the quality
level of a product, various performance measures can be used, such as scrap percent-
age, scrap and rework cost, quality of incoming components, and others. The perfor-
mance measures must be applied in appropriate scenarios and combined in suitable
ways to describe quality accurately.
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2.2 Bottleneck

Rojas-Cuevas and Caballero-Morales (2025) describes that in manufacturing, a bottle-
neck is a resource in the production system that restricts the systems total output. It
functions as a limiting factor, slowing down operations and reducing overall efficiency.
The term bottleneck comes from the analogy of a bottles narrow neck, which restricts
how quickly liquid can pass through. Similarly, this constrained resource limits the pace
at which products can move through the production system. This analogy is illustrated
in figure 2.1. There are different types of manufacturing bottlenecks: static and dy-
namic (Tang et al., 2024). A static bottleneck arises in production systems with stable
operating conditions, where a specific resource consistently constrains throughput over
time. In contrast, a dynamic bottleneck is a resource whose constraint on throughput
shifts over time as system conditions change due to variability, disturbances, and other
operational factors.

oo}
1

Capacity = X Capacity < X Capacity = X
products/hour products/hour products/hour

Figure 2.1: lllustration of a manufacturing bottleneck (Rojas-Cuevas &
Caballero-Morales, 2025)

2.3 ERP, APS, and MIS

Enterprise Resource planning (ERP) is a system solution that supports organizations
by organizing their key operations and information in one platform, making it easier to
manage resources and daily operational processes (Soares et al., 2025). This includes
areas such as data control, sales areas, sales operations, material requirements plan-
ning, and work documentation, supporting efficient task execution as well as effective
shop floor control and management. By gathering all this information into one shared
platform, ERP provide organizations with a real-time overview of their performance
and daily operations, supporting better communication and collaboration across de-
partments. In addition, ERP increases efficiency by automating processes, reducing
data redundancy, and lowering the risk of errors.

Advanced Planning and Scheduling (APS) is a system designed to integrate with an
ERP system to support the short, mid and long term production planning and schedul-
ing (Kjellsdotter Ivert, 2012). APS systems can function as a standalone system, al-
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though ERP system can also have incorporated APS functionalities. The fundamental
difference is that APS is designed to support decision making, while ERP systems
are mainly oriented toward transactional processing. Kjellsdotter lvert (2012) argues,
based on several sources, that an APS system should include four essential character-
istics: it supports planning in the short term, mid term, and long term periods, gener-
ates and evaluates different scenarios, considers constraints simultaneously, and uses
mathematical algorithms to solve optimization problems. A standalone system oper-
ates by extracting master data from the ERP system to support decision making, and
once a decision has been made, it sends the resulting decision back to the ERP sys-
tem for execution.

MIS is a system that plays a crucial role in digital transformation by collecting, integrat-
ing, and analyzing data from sensors, machines, and ERP systems (Hastilow & Young,
2012). Its primary purpose is to improve efficiency, product quality, and decision mak-
ing by providing real-time visibility into manufacturing operations. Operationally, MIS
systems should have five essential functions:

» Data collection: Capturing and aggregating real time data from sensors, ma-
chines, and ERP systems ensuring no essential data is missed.

» Data integration: Integrating the data into one platform while also ensuring that
the data is clean and normalized to ensure consistency and accuracy.

» Data analysis: Transforming raw data into meaningful insights to identify patterns,
anomalies, and trends.

+ Visualization: Presenting insights through intuitive dashboards and reports.

 Decision support: Enabling informed adjustments to machine settings, mainte-
nance plans, and workflows.

2.4 Time Data Management

As mentioned in the background, Kuhlang et al. (2014) define TDM as the determina-
tion, usage, and administration of time standards. A time standard refers to time data,
such as lead times, operating times, and setup times, which are stored in databases
and systems and used to support planning, cost-calculations, and strategic decision-
making (Almstrdom, 2024; Kuhlang et al., 2014). One of the major challenges in TDM
is ensuring the quality of time data over time (Almstrém, 2024).

Companies often experience a substantial difference between real shop-floor opera-
tion times and the operations times specified and stored in databases and systems,
commonly referred to as a mismatch (Almstrém, 2024). According to Aimstrém and
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Winroth (2010) there are three principal causes for this mismatch: operation times can
be defined incorrectly from the beginning, additional allowance time to handle tem-
porary disturbances are prone to become permanent and accumulate over time, and
the operation times are rarely updated. Allowance time refers to time spent on neces-
sary but not value-adding activities and undesirable but sometimes necessary activities
(Almstrém, 2024).

The mismatch has a negative impact on areas such as planning, cost calculation, and
strategic decision-making. For example, Freivalds and Niebel (2009) mentions that
the accuracy of the data used when determining a schedule is directly related to the
success of the schedule and that a schedule based on judgment cannot be consid-
ered reliable. Additionally, Hedman and Almstrom (2017) states that earlier research
demonstrates that the mismatch contributes to operational inefficiencies, for instance
by creating additional workload for production planners. In contrast, the absence of a
mismatch, achieved through correct and up-to-date time standards, results in several
positive outcomes, as shown in Figure 2.2.

Efficient process
planning and correct Fair workload
production plans

N 2

Correct and
Enable simulation @ . @ Correct price to
and optimization up’to'date time customers

standards

A Y

Correct investment
decisions

Increased productivity

Figure 2.2: The effects accurate and updated time standards (Almstrém, 2024)

In the context of time data, it is important to distinguish between planned times and
actual times. Planned time is the time for each operation step, determined before the
work is carried out (Almstrém, 2024). Planned time is sometimes referred to as ideal
time or standard time, but this report uses the term planned time exclusively. Actual
times refer to durations of activities that can be measured while they are being per-
formed.

To minimize the mismatch and maintain the quality of the time standards over time,
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companies can work with constant analyzes and continuous improvements (Almstrém,
2024). As part of the constant analyzes, actual times are compared to the planned
times and any resulting differences are analyzed. If the deviations are due to random
variation, no action is required. However, if deviations are caused by process changes,
the time standards should be reviewed and updated accordingly in databases and sys-
tems. Without these revisions, companies will be unable to realize the benefits associ-
ated with accurate time standards. Almstrém (2024) states that for most value-adding
operations, a revision once a year represents a reasonable compromise been precision
and cost.

2.5 Time determination methods

To enable this continuous analysis and improvement, appropriate methods for deter-
mining planned times are required. Almstrom (2024) emphasizes that selecting the
right method is important, and the choice of method depends on the purpose of the
analysis. There is no single method that is optimal for all situations. Zandin (2001)
emphasizes the importance of knowing the strengths and limitations of different time
determination methods, as it is essential when selecting an appropriate technique, par-
ticularly when evaluating the tradeoff between the cost of establishing standards versus
the cost of having inaccurate or nonexistent production standards. Figure 2.3 presents
a model developed by Almstrém (2024) that summarizes the most common methods
for determining both planned and actual times.

Determine
actual times

Work
Self- Stopwatch Video time Measuremen

measurement time study study

Estimation sampling

with sensors
study

Determine
planned
times

Comparison Calculation
P Predetermined

and . and

. . time systems . .
estimation simulation

Figure 2.3: Common time determination methods (Almstrom, 2024)
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As the figure shows, the most common methods for determining actual times include
estimation, self-measurement, stopwatch time study, video time study, work sampling
study, and measurement with sensors. Estimation is a common but unreliable way to
determine how long a task takes, as it often relies on guesses or intuition. The esti-
mates are influenced by the operator’s attitude and relationship to the manager and
company. Self-measurement means that the person performing the task measures
their own work, rather than being observed. It can be as unreliable as estimation since
the individual is in control of the process and can manipulate the measurement or data
that the time determination method results in. Stopwatch time studies are commonly
used to measure actual time due to its simplicity and accessibility. In practice, how-
ever, time standards based on stopwatch time studies can be challenging to maintain
as every product or process change requires the study to be redone. Moreover, the
observed actual time is influenced by factors such as performance and utilization which
complicates the analysis and comparison to planned time. Stopwatch studies may be
used to establish planned time as well as to follow up an existing standard, provided
that the performance factor is kept at the right level and that deviations from the stan-
dard method can be distinguished from disturbances. The concept of the performance
factor is explained in the following section. Performing a video time study is considered
a better alternative to using a stopwatch. It involves filming the work being performed
and analyzing the video afterwards. A key benefit is that disturbances can be identified
and excluded from the analysis. Work sampling study is based on statistical observa-
tions distributed over a time period, typically ranging from one day to one week. The
method is commonly used to to complement to time studies or to identify losses in the
form of disturbances and other unwanted allowance times. The technique is applicable
to humans, machines, or any observable operational state or condition (Zandin, 2001).
Measurement with sensors is an automatic measurement method that measures the
actual time for an activity using technical equipment with sensors and data processing
(Almstrédm, 2024). One example of such a system is the use of light sensors. These
sensors can detect and register when a products passes a specific point in a process,
after which the cycle time can be determined by considering the time interval between
the detections.

The most common methods for determining planned times are comparison and esti-
mation, predetermined time systems, and calculation and simulation (Almstrém, 2024).
In the comparison and estimation approach, the planned time for a new activity is as-
signed the same time as an existing, similar activity that already has a defined time
in the systems. As a result, the times are approximate and may lack accuracy. Pre-
determined time systems, as well as calculation and simulation are better alternatives.
A predetermined time system is a motion-based work measurement system in which
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work times are derived from standard motion elements with known time values (Zandin,
2001). Kuhlang et al. (2014) states that predetermined time systems are primarily in-
tended for manual tasks. On the other hand, Zandin (2001) states that predetermined
time systems are one of the most applicable methods for automated processes. Calcu-
lation and simulation refer to methods where planned times are derived analytically or
through the use of digital models of the production processes. Calculation can involve
determining task times based on formulas based on process parameters (Kuhlang et
al., 2014). Both simulation and calculation are suitable for automated tasks.

Since the early 1910s, numerous predetermined time systems have been developed,
including Methods-Time Measurement (MTM), work factor, motion time study, master
standard data, and Maynard Operation Sequence Technique (Almstrém, 2024; Zandin,
2001). MTM was developed in the 1940s and formed the basis for the predetermined
time systems that are dominant today (Almstrém, 2024). The original system, MTM-
1, provides a high level of accuracy due to its level of detail. However, this accuracy
comes with the drawbacks of taking a long time to learn and perform analyses with. As
a result, its use can be limited in practice, particularly in contexts where resources and
expertise are constrained (Benter et al., 2026; Borsdorf et al., 2022). In Sweden, the
most commonly used MTM system is Sequential Activity- and Method (SAM) analysis
(The Nordic MTM Association, 2024, as cited in Almstrém, 2024). SAM is designed to
be simple to perform, which makes it a balanced trade-off between time efficiency and
accuracy.

Several research studies and ongoing projects focus on automating the creation of
MTM analyses. These developments aim to address the mentioned limitation that tradi-
tional MTM analyses are time consuming and require expert knowledge, which restricts
their widespread and frequent application (Benter et al., 2026). One such development
was proposed by Borsdorf et al. (2022), who explored the use of artificial intelligence
to support the automated generation of MTM analyses. Their approach aims to enable
the automatic derivation of MTM analyses by evaluating existing company data, such
as routing plans and bills of materials, as well as other text-based information. The ap-
proach utilizes artificial intelligence to extract and structure relevant information, from
often unstructured company documents. This data is then transferred to a separate
software, MTMmotion®, which ensures the final analysis is accurate and compliant
with established MTM standards.

Another approach, presented by Benter et al. (2026), utilizes virtual reality and motion
capture technologies to generate MTM analyses from recorded motion data. Similar to
the previous method, this approach relies on MTMmotion® to transform the captured
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data into accurate and rule-compliant MTM analyses.

While both approaches have been shown to reduce analysis effort, they also have limi-
tations (Benter et al., 2026; Borsdorf et al., 2022). Artificial intelligence based methods
depend on the quality of input data and still require validation, meaning human exper-
tise is needed to ensure that the generated MTM analyses are accurate and reliable.
Current virtual reality-based methods, on the other hand, face limitations related to
motion accuracy as it can miss certain movements. As a result, it is primarily suit-
able for preliminary analyses in early design phases, whereas detailed analysis still
require expert review or additional data. Future developments are expected to focus
on increasing the accuracy and reliability to increase practical applicability.

2.6 Performance rating

In manual work, variations in operator performance can lead to differences in actual
times between cycles, even when work conditions remain unchanged. To account for
these variations, a performance rating can be made, used to assess the operator’'s
performance relative to a defined standard (Almstrém, 2024).

To express performance rating quantitatively, a performance factor is used. The perfor-
mance factor is obtained by dividing the planned time by the actual measured time, as
shown in equation 2.2 (Almstrém, 2024). It requires that there is a determined planned
time, for example, from using a predetermined time system. To obtain the actual time,
a rule of thumb is to observe and measure ten cycles. The distribution of the observed
times can be assessed by plotting them in a histogram, and the actual time may be
expressed using either the average or median time.

PI i
Performance factor = M (2.2)
Actual time

2.7 Responsibility and Accountability

To clarify task ownership, this report adopts the concepts of responsibility and account-
ability originating from the RACI responsibility assignment framework. Responsibility is
associated with performing the activities required to complete a task, while accountabil-
ity is associated with ownership of the task and the authority to approve the completed
work (Cadle et al., 2021).
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2.8 Visual control

Visual control, originating from lean production, refers to the use of any visual infor-
mation in the work environment to make it clear how work should be performed and
whether deviations from the standard are occurring (Liker, 2003). The purpose of vi-
sual control is to support employees in consistent execution by making performance or
process status easily interpretable.

2.9 Digital transformation

Digital transformation can be referred to as the organizational transformation enabled
by digital technologies (Imran et al., 2021). It has become an important part of indus-
trial development, as the emergence of Industry 4.0 technologies has enabled orga-
nizations to develop new ways of operating and improving performance (Imran et al.,
2021). However, digital technologies alone are insufficient for successful digital trans-
formation, as fully realizing the benefits requires consideration of additional factors.

Digital transformation can be divided into two main categories: technical systems and
social systems, where social systems include people, procedures, and structures (Im-
ran et al., 2021). They stress the importance of a sociotechnical perspective when
implementing digital transformation initiatives, referring to how social and technical as-
pects interact to achieve a common goal. They emphasize that focusing primarily on
technological implementation while neglecting social aspects may limit the effective-
ness of digital transformation initiatives.

Imran et al. (2021) identify organizational structure, leadership, and culture as the most
important social elements for achieving performance outcomes. Organizational struc-
ture refers to how responsibilities, communication, and decision-making are organized
within the company. Leadership is how the transformation is guided and supported,
while culture relates to shared values, behaviors, and openness to change. Imran et al.
(2021) further emphasizes the significance of organizational structure in digital trans-
formation, arguing that organizational structures are often insufficiently transformed to
support the implementation of digital technologies.

2.10 Focused factory

The focused factory concept was introduced by Skinner (1974), who argued that man-
ufacturing performance can be improved by limiting the scope of a factory’s objectives
and activities. He stated that factories attempting to produce a wide range of products,
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operate with different manufacturing processes, and satisfy different market require-
ments often experience increased complexity, higher overhead costs, and reduced op-
erational performance. Instead, manufacturing should be organized around a clearly
defined manufacturing objective and a limited set of products and processes. By con-
centrating resources, equipment, and supporting systems on a specific manufactur-
ing task, organizations can reduce complexity, improve efficiency, and lower overhead
costs.
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Method

This chapter presents the research strategy, design, and process applied in this study.
The research process is described in terms of its overall sequence, followed by a de-
tailed description of each step. Additionally, the chapter addresses relevant method-
ological considerations, including research quality and ethical considerations.

3.1 Research strategy

Olsson and Sorensen (2021) states that all research begins with one or more ques-
tions, problems, or concerns that form the central focus of a research project. These
can be approached from either a qualitative or quantitative research perspective, de-
pending on the purpose and intended outcome of the study. According to Creswell
(2014), studies typically lean more toward either a qualitative or quantitative approach,
although the two perspectives should not be viewed as fixed or opposing categories.
The most common distinction is that qualitative research primarily focuses on words
and interpretations, while quantitative research emphasizes numerical data and sta-
tistical analysis (Creswell, 2014). Furthermore, the approaches differ in terms of data
collection methods. Qualitative research commonly relies on interviews, observations,
case studies, and documents, whereas quantitative research often uses surveys, ex-
periments, and numerical measurements. Mixed method research combines quali-
tative and quantitative data collection and analysis, enabling a more comprehensive
understanding of the research problem than either approach alone (Creswell, 2014).
The thesis uses a mixed methods approach, combining both qualitative and quantita-
tive methods.

The thesis is both descriptive and exploratory in nature. It is descriptive because it
aims to map and describe SKF’s current SOPs related to TDM. According to Olsson
and Soérensen (2021), descriptive research is appropriate when an existing body of
knowledge is available and the purpose is to describe or map a current situation, pro-
cess, or structure. At the same time, the study is primarily exploratory, as it investi-
gates an area with limited prior research. Rather than testing predefined hypotheses,
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the study seeks to generate understanding and insights into how SKF should design
its SOPs in order to realize the benefits of reliable TDM. Creswell (2014) argue that ex-
ploratory research is suitable when the objective is to develop a deeper understanding
of a phenomenon and generate insights rather than test predefined hypotheses.

The combination of these approaches results in an exploratory sequential mixed meth-
ods approach with descriptive elements, which was selected as the research strategy.
According to Creswell (2014), this research strategy begins with a qualitative research
phase in which data is collected and analyzed. The findings from the qualitative phase
are subsequently used to guide the quantitative phase of the study. The qualitative
phase can be used to identify relevant variables, develop suitable measurement ap-
proaches, and support the design of the subsequent quantitative analyses. This aligns
with the thesis, which initially applies a qualitative research approach based on inter-
nal documents, interviews, and observations. The findings from the qualitative phase
are subsequently analyzed and, where possible, further supported through quantitative
data and numerical analyses.

This thesis also adopts a case study approach as its research design, as it aims to
provide an in-depth understanding of a specific problem at SKF. According to Wood-
side (2010) the definition of a case study research is achieving a deep understanding
of actors, interactions, sentiments, and behavior occurring for a specific process. Case
study research are often associated with using qualitative methods (Woodside, 2010).
However, case study research can be further strengthened by combining qualitative
and quantitative methods, which is the approach adopted in this study.

3.2 Research process

A methodological approach was developed for this thesis, mainly inspired by a model
proposed by Freivalds and Niebel (2009), which explains eight principal steps in a
methods engineering program. The approach was also influenced by a methodology
described by Banks et al. (2014). Although the model described by Freivalds and
Niebel (2009) outlines a procedure to develop a work center, produce a product, or
provide a service, the model developed for this thesis uses approximately the same
structure as the first four steps in the model. The differences are that the second step
is divided into two steps and that the content of each step is adapted to suit the study.
The methodology described by Banks et al. (2014) is inherently iterative. In line with
this, the model developed for this thesis has an iterative cycle between data collection
and mapping the SOPs and current state. As the mapping progresses, additional data
gaps can be identified, making it necessary to return to the data collection phase. The
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model is illustrated in figure 3.1, and the phases are: define the scope, collect data,
map SOPs and current state, analyze the collected data, and propose a future state.

Map standard
operating
procedures and
current state

Analyze data

Define scope Collect data

Figure 3.1: Developed research method

3.2.1 Scope

The first step of the method focused on establishing the scope of the study. The scope
consists of three elements: the purpose, the research questions, and the limitations,
which were defined in collaboration with the supervisors and presented in Chapter 1.
The purpose was formulated to define what this thesis aims to investigate and achieve.
To ensure that the purpose was fulfilled, a set of research questions was developed to
guide the work and serve as checkpoints throughout the study. The limitations define
what falls outside the scope of the thesis and clarify which aspects are excluded from
the purpose and research questions. The limitations also ensure that the thesis is
manageable within available resources, time, and expertise. Defining the scope was
essential for guiding the subsequent data collection, as it clarifies which information
and data was relevant for addressing the research questions and ultimately fulfilling
the purpose of the study.

3.2.2 Data collection for mapping standard operating procedures
and current state

The second and third steps of the developed model involve the collection of empirical
data and the mapping of existing SOPs and the current state of the workflow, includ-
ing how the operations are actually carried out in practice. These two steps were
conducted iteratively, as the mapping process could reveal additional areas of interest
that required further data collection. Empirical data were collected from four types of
sources: internal documentation, interviews, systems and databases, and observa-
tions.

Internal documents were used as a source of empirical data to map and formulate
the documented SOPs. Examples of internal documentation included standards, pro-
cedures, routines, and company-specific terminology relevant to the study. These doc-
uments provided the basis for describing how the work is intended to be carried out,
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which later enabled a comparison to how the work was actually carried out in practice.

Interviews were conducted with employees from Manufacturing, Manufacturing Reli-
ability, SKF Production System, Supply Chain, Controlling, and Process Development,
which are departments connected to the use, management, or support of production
data. The purpose of the interviews was to obtain primary data and capture per-
spectives from different organizational areas. 19 semi-structured interviews were con-
ducted, meaning that they were based on predetermined questions while also allowing
additional questions and modifications of the question order (Taherdoost, 2022). The
approach is well suited for the study as it ensures consistency across interviews while
also facilitating detailed data collection and the discovery of new ideas.

In addition to semi-structured interviews, empirical data were collected through work-
place discussions. These discussions were mainly held with members of a team within
the Process Development department. Some of these interactions resembled unstruc-
tured interviews, as they were not based on a predetermined interview guide but al-
lowed topics to emerge naturally. Written questions sent through digital communication
channels were also used when specific information needed to be confirmed or followed
up, often after interviews had been conducted.

Interviews were conducted until theoretical saturation was approached. In qualitative
research, saturation is commonly used as a criterion for discontinuing data collection
(Saunders et al., 2018). This point is reached when additional data no longer contribute
to new insights and the researchers begin to recognize patterns and answers.

In addition to internal documentation and interviews, empirical data were collected from
systems and databases. The systems and databases provided production-related in-
formation, such as cycle times and efficiency measures, which provided quantitative
input used to strengthen the analysis of the current state.

Observations were also used as a source of empirical data, although only to a lim-
ited extent. According to Olsson and Sérensen (2021), observations can be either
qualitative or quantitative depending on the purpose and design of the study. They can
be conducted directly, indirectly, or through participation, and can also be structured or
unstructured. In this study, the observations were qualitative, direct, non-participant,
and unstructured. Direct observation means that the researcher observes what takes
place in its natural context, while non-participant observation means the observer stays
separate from the activity. Unstructured observation is conducted in an exploratory
manner to gather information about a specific area. In this study, observations were
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conducted in production environments across different factories to gain an understand-
ing of processes such as dressing operations and resetting activities, as well as the
overall production setup.

3.2.3 Data analysis

In the fourth step of the developed method, the qualitative data in this thesis were
analyzed using the Gioia methodology, which is a structured inductive approach for an-
alyzing qualitative data and developing concepts grounded in empirical observations
(Gioia et al., 2012).

The analysis began with a 1st-order analysis, where interview statements, observa-
tions, and findings from internal documents were reviewed and coded using terms and
expressions closely connected to the participants descriptions and experiences. In this
stage, the focus was placed on preserving the original meaning of the collected data
while identifying recurring issues, observations, and patterns (Gioia et al., 2012). An
example is that an interviewee stated that system and databases has different cycle
times, which results in an 1st-order concept of "Time data inconsistency".

The identified 1st-order concepts were subsequently grouped and interpreted into broader
2nd-order themes. In this stage, relationships and similarities between the identified
concepts were analyzed to develop broader themes and patterns relevant to the pur-
pose of the study (Gioia et al., 2012). An example of a 2nd-order theme that the
1st-order example "Time data inconsistency" would be grouped into is "lack of system
and database integration". Finally, the second-order themes were grouped into broader
aggregate dimensions to create a clearer overall structure of the collected data.

This three-step methodology was conducted using digital software, where 1st-order
concepts were documented on virtual sticky notes. These notes were then grouped
with related concepts into 2nd-order themes, which were subsequently combined into
aggregate dimensions.

3.2.4 Propose future state

Milani (2019) argues that once the business requirements have been defined, the cur-
rent state analyzed, and the company’s key challenges identified, the next step is to
consider scenarios that address these issues, which is the fifth step of the developed
model. This was carried out in this thesis, where the SOPs and current state were
mapped and analyzed, enabling the identification of the shortcomings associated with
them. Then, with these considerations and relevant theory in mind, a future state was
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developed to address these shortcomings.

The identified shortcomings determined the scope and level of detail of the proposed
future state. According to Milani (2019), a future state may involve minor adjustments to
existing processes and system functionalities, or more comprehensive changes such
as the addition, removal, or restructuring of significant organizational elements and
existing solutions. These minor and extensive adjustments can include, but are not
limited to:

» Functional and organizational structures

» Competencies, knowledge, and skills

» Organizational and facilities locations

* Business processes

* Information and data structures and flows

* Information systems, interfaces, and architecture
+ Technology infrastructure

The future state can be described with statistics, diagrams, models, figures, or text
(Milani, 2019). The future state in this thesis was described using figures, diagrams,
and text, consistent with the presentation of the SOPs and current state. According to
Milani (2019), using a similar format simplifies the comparison and discussion between
the different states.

3.3 Research quality

To ensure the quality of the study, both qualitative and quantitative quality criteria were
considered, as the study adopts a mixed method approach. This was particularly rel-
evant since case study research has been criticized for limitations related to research
quality, often discussed in terms of validity and reliability (Quintdo et al., 2020). For the
qualitative parts of the study, trustworthiness was assessed using credibility, transfer-
ability, dependability, and confirmability (Lincoln & Guba, 1985, as cited in Korstjens
and Moser, 2018). According to Korstjens and Moser (2018), these criteria are widely
used to evaluate the quality of qualitative research. For the quantitative parts, validity
and reliability was considered as they are quality concept commonly associated with
quantitative research (Stenbacka, 2001).

Credibility refers to how well the findings reflect the participants’ views and experiences
(Korstjens & Moser, 2018). In this study, credibility was strengthened by collecting data
from multiple types of sources across different departments and hierarchical levels.
This can be referred to as both data triangulation and method triangulation (Korstjens
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& Moser, 2018). This made it possible to compare and complement findings from dif-
ferent sources, which helped support a correct interpretation of the participants’ views
and increased confidence in the results.

During the interviews, emphasis was placed on not imposing the researchers’ prede-
fined assumptions or interpretations, for example, from the internal documentation, on
the respondents to further support credibility. This was inspired by Gioia et al. (2012),
who argue that researchers should avoid imposing prior knowledge and instead al-
low respondents to describe their work and experiences in their own words during the
early stages of data collection and analysis. This allowed the documented SOPs and
the current state to be mapped separately, making it possible to identify whether the
SOPs were followed in practice. This also supports confirmability, which refers to the
extent to which the findings are derived from the empirical data rather than the re-
searchers’ own assumptions and interpretations (Korstjens & Moser, 2018). However,
qualitative analysis still requires interpretation by the researchers, which may influence
how the data is understood and categorized. To reduce this influence, reflexivity was
considered throughout the study, which refers to the researchers’ awareness of how
their own assumptions, prior knowledge, and interpretations may influence the findings
(Korstjens & Moser, 2018). This meant that the researchers were aware of how ob-
tained knowledge from internal documentation, previous examples, and observations
could influence how questions were asked.

Transferability refers to the extent to which the findings can be applied to other con-
texts or settings (Korstjens & Moser, 2018). As the study is a case study at a specific
company, the transferability is somewhat limited. However, by describing the company
context, data sources, and research process, readers are provided with a basis for as-
sessing whether the findings may be relevant in similar contexts.

Dependability concerns whether the research process is clear and traceable, and
whether the findings are supported by the collected data (Korstjens & Moser, 2018). In
this study, dependability was supported by the documented research process and by
the use of a structured inductive approach for analyzing qualitative data and developing
concepts grounded in empirical observations.

In this study, reliability and validity were considered in relation to the quantitative data,
which was used to further examine pattern and issues identified through the qualitative
data. Reliability refers to the ability of method to produce the same research result
when repeated, while validity refers to whether the intended object of measurement is
actually measured (Stenbacka, 2001). Since the quantitative data were collected from
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existing systems and databases, the reliability and validity is dependent on the accu-
racy of these sources and how the data was extracted. Employees at the company
supported the extraction process to ensure that the correct data was retrieved.

3.4 Ethical considerations

This study follows established research ethics principles. According to Pruzan (2016),
three key areas characterize ethical and unethical behavior in research: potential harm
to participants or the environment, the absence of informed consent or invasion of pri-
vacy, and the presence of deception or coercion. These principles were considered
throughout the entire study.

All interview participants were informed about the purpose of the study, the topics to be
discussed, and how the collected data would be used. Informed consent was obtained
prior to each interview, and participation was voluntary, ensuring that no coercion was
involved. Participants were also informed of their right to withdraw at any time with-
out consequence. To minimize the risk of harm, no sensitive personal information has
been disclosed, and care has been taken to ensure that neither participants nor the
organization are negatively affected by the publication of the results. Data obtained
from interviews, internal documents, observations, and empirical sources has been
presented accurately and truthfully, ensuring the absence of deception. Additionally,
the company conducted a confidentiality review prior to publication to prevent the re-
lease of confidential or sensitive business information. This ensures that the research
maintains both ethical integrity and compliance with organizational requirements.
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SKF’s standard operating procedures

This chapter maps SKF’s SOPs, which describe how the work is intended to be carried
out according to the established standards and guidelines found in their internal doc-
umentation. The purpose of this is to provide a benchmark against which the current
state, presented later in the report, can be compared. In addition, a brief introduction
to company-specific terminology is provided.

4.1 SKF Channel Concept

To understand the subsequent chapters in this report, it is necessary to have a basic
understanding of what a channel-based production is. The SKF Channel Concept was
introduced in the late 1980’s and revolutionized manufacturing by changing the funda-
mental mindset from "push" to "pull". Although the concept is being further developed
to meet the increasing complexity of modern manufacturing, it remains highly relevant
and is considered by SKF to be a key concept for ensuring a world-class flow in its
factories and across its suppliers.

The SKF Channel Concept is closely related to the focused factory theory proposed by
Skinner (1974). According to this theory, manufacturing performance improves when
production is organized around a limited and clearly defined set of products and pro-
cesses, rather than attempting to serve a broad range of objectives. By concentrating
resources, equipment, and supporting systems on a specific manufacturing task, orga-
nizations can reduce complexity, improve efficiency, and lower overhead costs.

As figure 4.1 illustrates, a channel at SKF is managed as a mini-factory within a fac-
tory, with a defined set of operations for the production of a defined group of products.
A channel is also planned and controlled by a defined group of people. However, it
shares some resources and central factory functions, such as quality and engineering,
with other channels.
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Figure 4.1: Channel concept

A Production Channel consists of a bottleneck machine that defines the maximum out-
put. The bottleneck is the process with the longest cycle time. The bottleneck machine
is the planning point of the channel, meaning it defines the cycle time on which pro-
duction planning is based. While the channel can have a dynamic bottleneck due to
special or unpredictable events in the real production environment, planning for all ma-
terial families is still based on the predefined bottleneck.

Each Production Channel handles specific material families produced within that chan-
nel. A material family refers to bearings that share the same raw-material dimensions,
use components with lead-times shorter than the raw-material lead-time, and can be
produced within a single channel set-up. A material family represents the first level in
the product hierarchy, illustrated in figure 4.2. The product hierarchy classifies finished
products into hierarchies for planning and material flow purposes. Each material family
contains at least one main variant. The main variants are different soft-machining and
heat treatment processes, distinguished, for example, by a small machined groove.
Each main variant contains at least one final variant, which represents different grind-
ing, assembly, and grease configurations. A final variant is a finished bearing or com-
ponent before it is packed. Each final variant contains at least one pack variant that is
packed according to customer needs. It could, for example, involve individually packed
items in cardboard boxes or multiple items packed together on an EUR pallet.
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Figure 4.2: Product hierarchy at SKF

4.2 Organization

To provide a clear understanding of the responsibilities defined in the SOP, the roles
and functions of these departments are briefly described. Although this section does
not constitute part of the SOP itself, it serves as an important foundation for interpreting
how responsibilities are assigned and managed in practice. This section presents an
overview of the departments relevant to this study.

Manufacturing

The three TVOs in Gothenburg are organized into two manufacturing areas: one con-
sisting of TVO D and TVO R, and the other comprising TVO E and the remanufacturing
operation. Both manufacturing areas have largely the same organizational structure.
Each is led by a Manufacturing Manager, followed by a Channel Group Manager who
oversees the Production Managers. Each channel is managed by one Production Man-
ager, with operators reporting below this level. In the manufacturing area that includes
the remanufacturing operation, dedicated roles are responsible for the remanufacturing
service center and customer service, while the Manufacturing Manager retains overall
responsibility. Both manufacturing areas also have maintenance personnel responsible
for centralized and corrective maintenance, as well as maintenance activities requiring
specialist support.

The manufacturing areas also have dedicated support functions, including Manufac-
turing Reliability (MR), the SKF Production System (SPS), Supply Chain, Controlling,
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and Process development. These support functions and their organizational structures
are described in the following sections.

Manufacturing Reliability

MR is a support function for manufacturing that includes production engineers and
maintenance technicians. Production engineers may either be assigned to a specific
channel or specialize in areas such as assembly, machining, or heat treatment. Their
primary responsibility is to drive manufacturing improvement initiatives, and they are
generally not involved in daily operational activities. The maintenance technicians are
responsible for addressing planned maintenance tasks.

Supply Chain

The Supply Chain department can be divided into sub-departments that are respon-
sible for purchasing, investment and asset management, and logistics and demand
chain. The sub-department most affected by time data and efficency measures is the
Logistics and Demand Chain Department and will therefore be the focus of this mas-
ter’'s thesis. Henceforth, references to the Supply Chain department refer specifically
to this sub-department.

Logistic and demand chain department is responsible for sales and operations planning
(S&OP). S&OP is a global monthly process to balance supply and demand, bringing
all business operational plans into one integrated plan. It consists of three processes:
sales forecasting, manufacturing supply planning, and supply planning. The monthly
S&OP process starts with a Sales Forecasting process and the aim of the process is
to create the best forecast possible of the future demand. Manufacturing supply chain
process is to decide production volumes to fulfill future demand, stock and service
targets. The aim is to proactively identify needs for adjusting the production capac-
ity to balance the supply with the demand and to make sure that the production plan
is updated accordingly. Supply planning process is to secure material and compo-
nent supply by sharing demand information with suppliers. The Logistics and Demand
Chain departments include a manager and several supply chain planners, with each of
the three Gothenburg TVOs having its own.

Controlling

The controlling department in Gothenburg consists of a factory business controller, a
business controller for TVO D and R, a business controller for TVO E and remanufac-
turing, a business controller and support role, and a manufacturing finance developer.
The department is responsible for supporting factory management through economic
control and by translating operational activities into monetary terms. For this thesis,
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particular attention is given to the Manufacturing Finance Developer, who is responsi-
ble for the annual standard cost (SC) calculation.

Process development

The Process Development department serves as a support function within manufac-
turing, with the responsibility of developing and implementing solutions, as well as
supporting the skills and knowledge required to achieve efficient and competitive man-
ufacturing operations.

4.3 SKF’s IT systems

To provide a clear understanding of the systems referenced in the SOP, this section
provides brief descriptions of the relevant systems. Although it does not constitute part
of the SOP itself, it serves as an important foundation for understanding their func-
tionality and context. Accordingly, this section presents an overview of the systems
relevant to the study.

SAP ERP

SAP ERP is an ERP system that integrates various departments and functions across
a company onto a single system that can serve all departmental needs. Hereafter, SAP
ERP will be referred to simply as SAP. At SKF, SAP is used by manufacturing, quality,
MR, purchasing, Supply Chain, logistics, and more. A single system makes it possible
to achieve both a more detailed view and a better overall overview of the processes
in the company. SAP is also used to coordinate all the resources, information and ac-
tivities needed to complete business processes, while also allowing each department
to store and retrieve information in real time. SAP has a wide range of information for
example production related information such as bill of materials (BOMs), cycle times,
resetting times, efficiency rates, scrap rates, and cost information.

QMPS

Quintiq Master Planning Scheduling (QMPS) is an APS system used for production
planning in TVO D and TVO E at SKF. While production planning is technically possi-
ble directly in SAP, as is done in TVO R, QMPS provides more advanced planning and
scheduling functionality required for the higher level of complexity in these production
environments. An example is that QMPS is updated in real time, whereas SAP can
have delays of up to 24 hours. The time data and efficiency data should be consistent
between SAP and QMPS to ensure accurate production planning as well as correct
product cost allocation.
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DU

Driftsuppféljning (DU) is a disturbance handling system currently used at SKF and is
being replaced by the new MIS, Factbird. The purpose of the system is to identify
and quantify losses to enable effective continuous improvement and improved factory
control. In this system, operators manually report disturbances by entering both the
type of stop and the duration of the stop. The duration is estimated by the operator.
Disturbance reporting should be based on hourly loss monitoring, meaning that data
is intended to be recorded on an hourly basis. These reported values are used to cal-
culate several KPls in the Key Data Report (KDR), including OEE, which is reported to
higher management. The KDR is a structured document that summarizes operational
data and KPls.

4.4 Time data and efficiency measures

This section outlines the definitions, determination methods, and assigned responsibil-
ities for time data and efficiency measures as described in SKF’'s SOP.

Cycle time

SKF defines planned cycle time, or Pure Cycle Time, as the total time required to
produce one part on a machine, including loading, unloading, and dressing time, if
applicable. Dressing time refers to the time required to resharpen the grinding wheel.
The parameter is the theoretical optimal time required to produce a part and plays a
key role in calculating different efficiency measures, as any cycle time longer than the
planned cycle time results in a speed loss.

The Pure Cycle Time is calculated according to equation 4.1. The total operating time
is measured in seconds on the machine using a stopwatch, and the output during the
operating time is counted. Because SKF incorporates dressing time in their planned
cycle time for the grinding machines, it needs to be measured over time to capture the
dressing operations and account for it in a reasonable way.

Total operating time

Pure Cycle Time = (4.1)

Number of pieces made during total operating time

SKF’s factories are expected to update their planned cycle times at least once every
year, and preferably even more often, such as every three months or in line with im-
provements of the machines. The annual update should preferably be done in line with
the business planning cycle so that the SC is based on the correct planned cycle time.
SC is explained in detail in chapter 4.7.
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Process Development or Manufacturing Reliability is responsible for defining and main-
taining the cycle times on all machines for all products.

Efficiency

SKF is mainly working with two efficiency measures: OEE and running efficiency. OEE
is the central performance indicator used within the production department. It gives
them, and SKF as a whole, an indication of how well the equipment is performing in
relation to its theoretical maximum output. Similarly to the six big losses presented
in chapter 2.3, SKF has defined their own structure, '7 Big Losses’, connected to the
three basic KPIs to which all the more detailed loss types must be grouped. The '7 Big
Losses’ are:

* Down-time

Resetting Loss

Tooling Loss

» Missing Resources

Process Adjustment

Speed loss and Minor Stops
Scrap and Rework

These seven categories form the basis for determining the OEE measure and iden-
tifying what reduces the efficiency in the production process. In addition to the OEE
formula presented in chapter 2.1, the measure can be calculated by dividing effective
hours with scheduled hours, both of which are illustrated in figure 4.3. Effective hours
can be obtained by multiplying the cycle time by the number of produced pieces.

Running efficiency is the defined efficiency measure in SAP and QMPS and is deter-
mined by dividing effective hours by production hours. As shown in figure 4.3, the key
difference compared to OEE is that running efficiency does not include resetting hours.
Legal and union hours refer to hours during which production cannot be manned due to
legal requirements or union regulations, for example public holidays such as Christmas
Day. Free hours refer to periods when production is neither manned nor planned to be
in operation. Resetting hours refer to the time spent on changeovers between material
families. Waste refers to time lost due to stoppages at the channel bottleneck, whether
planned or unplanned. Both running efficiency and OEE are defined at the channel
level, meaning that all material families produced within the same channel share the
same efficiency value. There are, however, some exceptions, such as when a specific
material family is significantly harder to produce. These exceptions were not consid-
ered in this study. The different time categories used in the calculations are defined as
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follows:

Installed hours

Practical installed capacity

Scheduled hours
Legal & union hours

Production hours Free hours

Resetting hours
Effective hours

Waste

Figure 4.3: Capacity concept

The Production Manager is ultimately responsible for approving OEE results before re-
porting them.

Resetting time

SKF defines resetting time as the loss of production output due to resetting between
different material families plus the time required to change from one final variant to
another. However, only the resetting time for the material family is used in the SC and
planning process at SKF. The Resetting time for the final variants is included in the
running efficiency of the channel. In the SC and planning process, it is assumed that
resetting is done in a defined time, independent of both the number of available per-
sonnel and their competence, and shift changes are assumed to have no impact.

"TR" calculation is the standard method to capture the resetting time for a material
family. As figure 4.4 shows, the TR period is from that output is lost to the point when
the new material family reaches its planned production output. This means it includes
both the downramping and upramping phases, since these periods represent a loss
of output in pieces per hour compared to the planned production. The figure shown
represents a specific situation, but the TR calculation can be applied universally, re-
gardless of the material family or the production channel considered.

The TR calculation requires several terms in its equations. T, which is the monitor-
ing period should be long enough to capture the moment that output is lost to the point
when the new product reaches its planned production output, the rest of the terms and
their definitions are presented in the list below. The first step in the TR calculation is
calculating the equations 4.2 and 4.3 which are the running-out (731) and running-in
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time (73). Then using the monitoring period 7, and the calculated 7} and T; values, the
Channel resetting time (7}.) can be calculated according to equation 4.4.
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Figure 4.4: TR calculation

* T,: Monitoring period.

* T,: Channel resetting time [hours].

* Ni: Quantity produced from Tg start to zero output of Product 1.

* N,: Quantity produced from output start to Te stop of Product 2.

* 0.9: Reducing distorting influence of low channel OEE or Availability-rate.
* ny: Theoretical production rate of Product 1 [pieces/hour].

* ny: Theoretical production rate of Product 2 [pieces/hour].

* T1: Running-out time of Product 1.

* Ty: Running-in time of Product 2.

71— (4.2)
0.9- nq
Ny
T2 = 4.3
Tr = Tg - (Tl + TQ) (44)

SKF’s factories are expected to review their resetting times once a year, and any iden-
tified changes should be updated accordingly. Production manager and the operators
are responsible for defining and maintaining the resetting times on all machines for all
products.
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4.5 Production planning procedure

The Supply Chain department is affected by time data and efficiency measures, and
this chapter describes how the daily production planning process should be performed
as well as how the planning system is aligned with the time data and efficiency mea-
sures in SAP.

In the bearing factories, TVO D and TVO E, the Supply Chain department’s daily pro-
duction planning processes are carried out in QMPS. This system generates a tentative
production schedule with corresponding quantities which is based on customer orders,
forecasts, current inventory levels, cycle times, resetting times, and running efficiency.
QMPS allows a specific resetting time to be defined for each material family transi-
tion within a production channel. These resetting times are defined in a matrix, where
each entry represents the time required to change from one material family to another.
QMPS determines the required material family by analyzing customer orders, fore-
casts, and inventory levels, whereas time data and efficiency data form the foundation
of the resulting production schedule. To support a clearer understanding of the produc-
tion planning process, the procedure is illustrated in figure 4.5. As shown in the figure,
the first required action is an M-decision which gives the planner a set amount of days
to decide whether the material family will be produced and in what quantity. The set
number of days is based on the longest lead time of the externally sourced products
listed in the BOM. The planner must then make a D-decision which determines how
the total quantity of the material family is distributed across the main variants to be
produced. Once the D-decision has been made, the subsequent E-decision follows, in
which the main variants are divided into final variants. The final decision the planner
must make is the P-decision, which determines the choice of pack variants.

Ordering Soft Machining Grinding

Packin
material Heat treatment Assembly &
M - D -
Tentative | | Decision Decision Decision Decision Finished
schedule Material Main Final Pack product
family variant variant variant

Figure 4.5: lllustration of the planning process in TVO D and TVO E

The Supply Chain department in TVO D and TVO E should deliberately postpone the
M-, D-, E-, and P-decision until as late in the planning process as possible. This ap-
proach ensures that the most critical products can be prioritized while also preserving
the flexibility to allow changes to occur shortly before production begins. However, to
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ensure that manufacturing receives the necessary information sufficiently in advance,
the Supply Chain department should generally follow the rule of releasing orders five
days ahead. In addition, the Supply Chain department in TVO D and TVO E is in
charge of priority control, meaning that they have the responsibility for determining the
sequence in which orders should be manufactured . The manufacturing department
can adjust the order sequence in certain situations, such as when there is a material
shortage or adjusting which order the main variants and final variants are produced.

In contrast to the daily operational planning process in TVO D and TVO E, the planning
in TVO R is carried out directly in SAP rather than QMPS. For the most part, their work
follows the plan defined by the planners in the D and E factory, given that rollers are a
critical component in the roller bearings.

The supply chain planner in TVO R manages all incoming orders from TVO D and
TVO E through a digital planning board in SAP, which displays everything from ten-
tative orders to those already in production. The planning board uses a set of color
combinations to indicate the current phase of each order, similar to figure 4.6. The
first phase of an order is marked in blue, representing tentative orders that the supply
chain planner in TVO D and TVO E has not made an M-decision on. At this stage, both
the planned production date and the quantity can still be adjusted. The next phase
is shown in blue with a black line through it, indicating that an M-decision has been
made and that the tasked TVO R planner has to order material for the order. The third
phase is marked in brown, indicating that the order is now visible to the production but
has not yet been released. In order for production to start working on an order, such
as performing set-up or preparing material, the order must first be released. Once
released, the order changes to a pink color. When the pink color has a triangle in
front of i, it indicates that the production on the order has started. When the order is
finished, it disappears from the digital planning board. In some cases, the order may
still remain visible which indicates that it is not fully complete yet. This can occur due
to additional quality checks being required, material shortages, or other follow-up ac-
tions. The planning board shows detailed information on when an order should start
and when it should be completed. It also displays the planned start times and planned
finish times for both setup and manufacturing. These displayed times are calculated
based on time data and efficiency measure in SAP.
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Description Week 9 | Week 10 I Week 11 | Week 12 | Week 13 | Week 14 | Week 15 | Week 16 | Week 17 | Week 18 | Week 19 | Week 20 | Week 21 | Week 22 | Week 23 | Week 24

Channel 01
Channel 02 V
Channel 03
Channel 04

Channel 05 v

Channel 06 v

Figure 4.6: lllustration of the digital planning board

As mentioned, the Supply Chain department does not work directly with time data
and running efficiency. Instead, these parameters are embedded within their systems,
operating in the background and impacting plans and recommendations. However,
Supply Chain is the owner of the time data and running efficiency in QMPS, which
should be aligned with the data in SAP. The responsible departments for defining and
sustaining the data in SAP were presented in chapter 4.3.

The process for updating the time data and running efficiency is that the Supply Chain
department at TVO D and E should be notified whenever changes have been made in
SAP. Following such updates, Supply Chain is responsible for ensuring that the corre-
sponding data in QMPS is updated accordingly.

4.6 Standard Cost procedure

Within SKF, there are several cost concepts used for products, each serving a different
purpose. One of those concepts is SC, which is a technique for allocating production
costs fairly among products. SC is used to measure the year-over-year performance
of a manufacturing unit, but it also serves as the foundation for calculating several
other cost concepts used for profitability analysis and calculating the cost of goods
sold, to name a few examples. SC is calculated once a year and remains unchanged
throughout the year. The process of calculating the new SC typically takes place from
mid-August until mid-November and takes effect from 1 January of the following year.

The SC process allocates the total historical production cost for the SC period, which
is the previous 12 months, by considering the quantities during that period. Every
activity in manufacturing has a financial consequence that is fairly distributed to each
product. The SC has four elements: direct material/external subcontracting, variable
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value-added cost, fixed value-added cost, and resetting value-added cost. The lat-
ter three, which represent the different types of value-added costs, are combined to
calculate the total value-added cost. Examples of fixed value added cost are wages
for employees and planned maintenance while variable value added cost are utilities,
product packaging, shop supplies, and repair costs. The value-added cost can then
be used to calculate a value-added (VA) rate per hour which is calculated by dividing
the value-added cost with the scheduled hours for the SC period as shown in equation
4.5. The VA rate is in turn used to calculate two cost per piece measures: VA cost
per piece and resetting cost per piece. As equation 4.6 and equation 4.7 shows, the
former is obtained by multiplying the VA rate by the cycle time of the bottleneck and
dividing by the running efficiency, while the latter is calculated by multiplying the VA
rate by resetting hours and dividing by the lot size which is an average batch size. Both
VA-cost per piece and resetting cost per piece are calculated at the final variant level.
This means that any cost differences arising from packing operations in pack variants
are evenly distributed across a single final variant.

Value added cost

= 4.
VA Rate Scheduled hours (4.5)
. VA Rate - Bottl k cycle ti
VA cost per piece — ate Qtt ene.c_ cycle time 4.6)
Running efficiency
Resetting cost per piece = VA Rate - resetting hours (4.7)

Lot size

As the formulas reveal, the costs per piece measures are dependent on bottleneck
cycle time, running efficiency, and resetting time. This data is found in SAP, which, as
previously mentioned in chapter 4.3, is updated by different departments.
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Current state

This chapter presents how the operating procedures are actually carried out in practice,
in contrast to the intended way of working that was defined in the previous chapter. It
also identifies weaknesses in both the SOPs and the current state. These findings are
then used to quantitatively evaluate the impact on the affected departments.

5.1 Analysis of time data and efficiency measures

This section presents how time data and efficiency measures are determined, who is
responsible, and outlines the different definitions used at SKF. It also compares the
differences between the current state and the SOPs, while identifying the weaknesses
in both.

Cycle time

The previous chapter described the process for determining cycle times according to
SKF’s SORP. It states that planned times should be determined by measuring the total
operating time. However, to obtain an accurate planned cycle time, the total operating
time must be measured under disturbance free conditions. The SOP does not specify
how such disturbance free measurements should be conducted, and without this guid-
ance or knowledge, there is a risk of including disturbances in measurements, resulting
in inaccurate planned cycle times.

In practice, a less time consuming process for determining cycle times is frequently
applied. It is to use comparison and estimation which is often based on similar ma-
terial families within the channel or the responsible departments’ knowledge of cycle
times. The outcome of this process is that the determined planned cycle time is closely
aligned with those of similar material families, or well informed approximations. This
process can produce cycle times that are acceptable, however if the similar material
families are incorrectly defined the newly determined cycle time will be significantly in-
accurate.
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According to SKF’s SOP, Manufacturing Reliability is formally responsible for defin-
ing and maintaining cycle times. In practice, this function retains responsibility, but
often relies on collaboration with production managers in the Manufacturing depart-
ment when support is required. At the same time, internal documentation from Supply
Chain training states that the production manager is the owner of cycle times, which
contradicts the responsibility described in the SOP. In addition, the Process Develop-
ment department, which is also stated as responsible for cycle times in the SOP, was
not observed to be involved in any activities related to the cycle times in practice. The
involvement of two departments, both described as responsible in different sources,
combined with the lack of observed involvement from a third department identified as
responsible, creates uncertainty regarding responsibility.

SKF’s SOPs further state that planned cycle times should be reviewed at least annually
and preferably more frequently. In contrast, cycle times are, in practice, reviewed only
sporadically. This was emphasized during an interview with a production planner, who
stated that some cycle times had not been reviewed for several years. According to
Manufacturing Reliability, planned cycle times are only reviewed when mismatches are
detected. However, as planned times are rarely compared to actual times, mismatches
are unlikely to be detected, resulting in limited updates to the cycle times. Instead,
updates are mainly triggered by obvious discrepancies.

According to SKF’'s SOP, cycle time should be defined as the time elapsed from one
unit exiting the machine until the next unit exits the machine, plus any additional dress-
ing time needed. However, sometimes only the machining time and not loading-,
unloading-, and dressing time is considered, which results in a cycle time that is too
short. It was mentioned during an interview that such an example occurred at TVO E,
where the cycle times for a channel were updated by an individual who only considered
the machining time. As a result, incorrect planned cycle times were entered into SAP,
and the entire cycle time determination process had to be repeated. The definition in-
cludes dressing time, which is an additional component that can easily be overlooked.

During visits to the TVOs, it was observed that dressing occurs frequently and has
a short duration. For an observed medium-sized bearing, dressing took place every
other cycle and lasted only a few seconds, whereas it was mentioned that it may occur
even more frequently for larger bearings. Dressing operations therefore represent a
recurring part of the production cycle and have been defined by SKF as part of the
cycle time. Excluding it would result in an underestimated planned cycle time.

Efficiency
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As mentioned in the previous chapter, OEE gives SKF an indication of how well the
equipment is performing in relation to its theoretical maximum output. In a similar
manner, running efficiency provides an indication of equipment performance during
production, excluding resetting activities. Both measures necessitate that the planned
cycle times are correctly defined, which, as described in the previous section, is not
always the case. Incorrect planned times result in an inaccurate speed loss calcula-
tion and efficiency measures that fail to reflect reality. Furthermore, as explained in
chapter 1, DU poses a risk of coding incorrect losses, since the durations and types of
disturbances during the shift are reported at the end of the shift and therefore rely on
memory. This deviates from the SOP, which states that reporting should follow hourly
loss monitoring, and may result in inaccurate and misleading efficiency values.

While running efficiency is the defined efficiency measure in SAP and QMPS, it is
not automatically measured or calculated at SKF currently. The only way to obtain run-
ning efficiency is through manual calculation based on data from the KDR. However,
this is not performed consistently. In some channels, running efficiency is determined
based on qualitative judgment through collaboration between the supply chain planner
and the production manager rather than being derived from production data. If pro-
duction data consistently fails to meet the production plan, the running efficiency value
is adjusted accordingly. While this approach could support accurate production plan-
ning, it lacks a data-driven foundation and is dependent on work experience. It also
fails to accurately reflect true running efficiency and may hinder improvement efforts,
as inefficiencies are not systematically identified or quantified, thereby limiting the ef-
fectiveness of continuous improvement.

The running efficiency for many channels has not been updated in several years in
planning systems. For example, four production channels (D01, D02, E02, and E04)
were last updated on 1 January 2024, 1 February 2024, 1 October 2024, and 1 August
2025 in QMPS. This indicates that updates are performed infrequently and at irreg-
ular intervals. Possible reasons for this include the absence of a responsible person
for reviewing running efficiency and a defined interval for how often running efficiency
should be updated in SKF’s SOP.

Running efficiency is not an established KPI within the production department and is
not used in their daily operational work. Despite this, a running efficiency value is still
expected to be reported to SAP and QMPS for production planning and SC purposes.
In these two systems, the measure is referred to as "efficiency” which can create uncer-
tainty regarding which type of efficiency is intended. Given that OEE is the primary and
most familiar efficiency measure for Manufacturing Reliability and the production man-
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agers who usually update this data, there is a risk that OEE is confused with running
efficiency. This may lead to OEE being entered into SAP and subsequently QMPS,
instead of running efficiency. A quantitative analysis of OEE and running efficiency
for channels at SKF reveals instances where this appears to be the case. One such
example is the channel E06.

Table 5.1 presents a comparison of the different efficiency measures associated with
channel E06, where incorrect efficiency measures are marked in red. Here, it can be
observed that the running efficiency in SAP and QMPS is probably based on OEE in-
stead of running efficiency. Running efficiency in QMPS and SAP should be 51.3%
instead.

Table 5.1: Efficiency comparison

2025 E06

Running efficiency calculated based on data in KDR | 51,3 %
Running efficiency in QMPS 42,7 %
Running efficiency in SAP 42,7 %
OEE from KDR 42,8 %

Resetting

SKF’s SOP chapter presented that only the resetting time for a material family is used
in the SC and planning process at SKF, and that TR calculation is the standard method
to capture the resetting time for a material family. However, TR does not represent
the resetting time that Supply Chain and Controlling requires in their planning and SC
process. They are interested in the resetting time, corresponding to what Zandin (2001)
defines as setup time, which is the time elapsed from that the previous batch produced
its last bearing until the next batch has produced its first bearing meeting the quality
requirements. While TR is a good method for mapping the full resetting process, which
is valuable when analyzing and improving resetting performance, it is not suitable to be
put in the ERP system as a planning parameter. This implies that, depending on the
context, resetting may be defined in different ways. The SOP describes two definitions,
while a third definition emerged during the mapping of the current state. The three
different definitions are:

* Loss of production output between material family resetting plus the time between
FV resetting

* Loss of production between material family resetting (TR)

» Time elapsed from that the previous batch produced its last bearing until the next
batch has produced its first bearing meeting the quality requirements.
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In contrast to TR, which is calculated, the resetting time of interest to the production
planners and manufacturing finance developer is determined differently. Similarly to
cycle times, resetting times are estimated by employees with extensive experience in
the resetting process, resulting in approximate values.

According to SKF’s SOP, the production manager and operators are formally responsi-
ble for defining and maintaining resetting times. In practice, they retain this responsi-
bility but often collaborate with Manufacturing Reliability when support is required.

SKF’s SOP states that the resetting times are expected to be reviewed once a year,
and if any changes are identified they should be updated accordingly. However, in
practice, these reviews are conducted sporadically and primarily triggered by obvious
discrepancies rather than continuous analysis. This was highlighted during an inter-
view, where it was reported that operators were reluctant to performing a reset for a
particular material family as it was not feasible to complete within the required time and
would negatively impact the OEE.

5.2 Alignment between SAP and QMPS

As described in section 4.5, updates to time data and efficiency measures in SAP
and QMPS are carried out by separate departments. This means that there are two
departments that need to be synchronized whenever the time data and efficiency mea-
sures needs to be updated to ensure that the data remains aligned between the two
systems. According to SKF’s SOPs, the responsible department for time data and effi-
ciency measures are expected to inform Supply Chain immediately when changes are
made in SAP, who then update the data accordingly in QMPS. This way of working
relies heavily on manual follow-up and frequent reminders to ensure that updates are
completed. In practice, this communication flow is not functioning seamlessly, as it in
interviews was reported that Supply Chain is not always informed when a change is
made. Given this way of working, one could suspect that there are misalignment be-
tween the time data in the two systems. Therefore, this section analyzes the extent
to which misalignment exist in the time data and efficiency measures between the two
systems, evaluates the magnitude of the differences, and assesses the implications of
these differences.

The following quantitative analyses performed in this chapter are limited to cycle time
and running efficiency and does not include resetting times. Restricting the analyses
to cycle time and running efficiency was considered sufficient for examining the align-
ment between the systems. The analyses are also only performed for four channels:
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D01, D02, EO2, and EO4. It can be assumed that a similar pattern can be seen for
the other channels within TVO D and E, as the same workflow of updating data in
the systems applies on to all channels. The channels had 113, 140, 77, and 32 cy-
cle time observations in SAP and QMPS, corresponding to different variants produced
within each channel, where the cycle time is defined at material family level. However,
each channel has only one running efficiency value that applies for all material families.

To analyze and evaluate the extent to which cycle times are synchronized between
the two systems, the misalignment rate was calculated. It quantifies how often the
values differ. As shown in equation 5.1, the metric represents the percentage of ma-
terial family observations for which the value in SAP, x, does not match the value in
QMPS, y. If the misalignment rate is greater than 0%, there is at least one inconsis-
tency. Table 5.2 shows the calculated misalignment rates for the different channels,
which demonstrates that inconsistencies between the systems are present in all the
observed channels. However, the extent of variation differs significantly.

Misalignment Rate = %, (5.1)

x; = value in SAP for observation i,
y; = value in QMPS for observation i.
M = number of observations where x; # y;,

N = total number of observations,

Table 5.2: Misalignment rates for cycle times between QMPS and SAP

N | Misalignment rate
DO1 | 113 22.12%
D02 | 140 7.14%
EO02 | 77 77.92%
E04 | 32 12.5%

While the misalignment rates indicate the frequency of misalignment, they do not cap-
ture the magnitude of the difference between the systems. The size of these deviations
is critical, as minor differences might be harmless, whereas larger deviations may have
a significant impact on the company. To analyze the magnitudes of these differences,
bar charts comparing cycle times in QMPS and SAP were created, where QMPS is
shown in blue and SAP in orange. These charts are presented in figures 5.1, 5.2, 5.3,
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and 5.4, and illustrate the observations for the four channels where the systems are

not aligned.
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Figure 5.1: Cycle times for material families in DO1
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Figure 5.4: Cycle times for material families in E04

To support analysis of the results, the magnitude of the differences can be classified
into three categories: minimal, noticeable, and large differences between the systems.
These categories are defined using a ratio-based measure calculated by dividing the
longer cycle time by the shorter cycle time and expressing it in percentage terms. Dif-
ferences of less or equal than 5% are classified as minimal, differences between 5%
and 20% as noticeable, and differences of 20% or more as large. These threshold
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values are not theoretically established but are introduced by the authors to facilitate
interpretation and reasoning regarding the severity of the misalignment. The minimal
category was the largest, accounting for 44% of the differences, followed by the no-
ticeable and large categories at 35% and 21% respectively. Figure 5.1 illustrates that
four material families within channel D01 have a cycle times in QMPS that are twice
as long as those in SAP. Figure 5.2 shows that a material family within channel D02
has a cycle time that is 8.22 times longer in QMPS than in SAP. Figure 5.3 contains
many examples from all categories, where the differences range from only one second
to 2112 seconds. No consistent pattern indicating that cycle times in SAP were sys-
tematically higher or lower than those in QMPS could be identified. However, it could
be observed that in all cases where the differences were extreme, it was the QMPS
values that seemed unreasonable when compared with the other cycle times within the
same channel. Since each channel produces roller bearings of similar size, relatively
similar cycle times can be expected.

As each channel only has one running efficiency value, the misalignment rate is ei-
ther 0% or 100%. Therefore, only the differences in percentage points were evaluated.
These are presented in table 5.3. The result show that three out of four channels exhibit
misalignment between QMPS and SAP in regard to their running efficiency. However,
the magnitude is relatively small.

Table 5.3: Running efficiency difference between QMPS and SAP

QMPS | SAP | Difference (in percentage points)
D01 | 66% | 60% 6
D02 | 60% | 58% 2
E02 | 64.5% | 63% 1.5
EO4 | 67% | 67% 0

The identified inconsistencies in both cycle times and running efficiency indicate that
the current way of working does not ensure synchronization between the two systems.
It shows that the manual and communication-driven process between the responsible
departments and Supply Chain not only increases the workload but also fails to ensure
updated time data and efficiency measures in the systems.

The four running efficiency rates in QMPS were last updated on 1 January 2024, 1
February 2024, 1 October 2024, and 1 August 2025, which indicates that updates are
performed infrequently and at irregular intervals. Based on interviews, a similar pattern
can be expected for cycle times, with several cycle times appearing to be reviewed
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updated even less frequently. Despite being reviewed and updated infrequently, differ-
ences are still present. If updates were performed more frequently in line with SKF’s
SOPs, which recommends updates for cycle times at least once per year and prefer-
ably once every three months, it is reasonable to expect that differences would become
even more common given the insufficient coordination. On the other hand, more fre-
quent updates could allow noticeable and large differences to be detected sooner.

5.2.1 Effects of outdated data in QMPS

The lack of synchronization between SAP and QMPS indicates that SKF’'s SOPs are
not being adhered to. If a change of time data and efficiency measure in SAP is not
reflected in QMPS, the production planners end up making planning decisions on out-
dated data. The effects of outdated time data and efficiency measure in QMPS could
have several effect on the production planning. If QMPS has cycle times that are sig-
nificantly longer than the actual times, a running efficiency measure that is too low, or a
resetting time that is too long, the planning system will assume that the production will
require more time for the order than it truly will in practice. This means the orders will
be completed earlier than planned. This might sound unproblematic, but does create
operational issues. As Supply Chain has not planned the next order start until a later
time, it might not be possible to start the subsequent order due to material shortages.
This results in waiting time, reduced capacity utilization, and the need for rescheduling.
If QMPS, on the other hand, has cycle times that are significantly shorter than the ac-
tual times, a running efficiency measure that is too high, or a resetting time that is too
short, the planning system will assume that the production will require less time than it
will in practice. As a result, the production will be delayed which leads to late deliveries
and unsatisfied customers. Furthermore, higher inventory levels of input material may
arise.

5.3 Alignment between SAP and DU

In the previous chapter, DU was presented as the current system for capturing actual
cycle times and registering production disturbances. The system also contain stored
planned cycle times, which are used to evaluate speed losses and are intended to
correspond to the planned cycle times in SAP. Together with additional data, this infor-
mation forms the basis for calculating different efficiency measures, such as running
efficiency. It is relevant to analyze whether the data in DU correspond to the data in
SAP and to assess the magnitude of any differences between them, as these differ-
ences can result in incorrect allocation of production costs among products. This be-
came apparent during an interview, where it was stated that responsible departments
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usually do not follow the SOP regarding updating time data and efficiency measure in
SAP, which impacts the reliability of the annual SC process. Furthermore, the process
of updating DU following a change in SAP is performed manually, which introduces an
additional risk of inconsistencies if SOP is not followed.

A misalignment analysis was conducted for these two systems as well. This analy-
sis does not contain exactly the same number of observations as the one comparing
SAP to QMPS since data were not available for all observations in DU. The misalign-
ment rate for cycle times was calculated, and the result is shown in table 5.4. The
result shows that there are differences between the systems for all four channels, and
that the extent of the inconsistencies varies significantly.

Table 5.4: Misalignment rates for cycle times between DU and SAP

N | Misalignment rate
DO1 | 101 48.51%
D02 | 138 60.87%
E02 | 77 62.34%
E04 | 32 18.75%

To assess the magnitude of the differences between DU and SAP, bar charts were
created using the same approach and thresholds as the previous analysis. This means
that only observations where the two systems differed is included. The charts are
presented in figure 5.5, 5.6, 5.7, and 5.8.
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Figure 5.5: Cycle times for material families in DO1
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Figure 5.8: Cycle times for material families in E04

Analysis of the charts shows that the majority of the differences were minimal, account-
ing for 61%, while noticeable and large differences represented 28% and 11% respec-
tively. The minimal differences showed no consistent pattern indicating that either SAP
or DU was systemically higher or lower. For the noticeable and large differences in the
channel EO2, the cycle time in DU was observed to be consistently higher than the cor-
responding value in SAP. In contrast, for channel D02, which accounted for the largest
amount of noticeable and large differences, no systematic pattern could be identified
regarding which system reported the higher value.

Running efficiency is not a defined measure in DU. The only efficiency measure de-
fined in DU is OEE. To obtain the running efficiency measure, the definition described in
previous chapters was applied, where effective hours are divided by production hours.
To get an accurate and current running efficiency value, effective and production hours
are obtained from the Key Data Report (KDR), which is based on data from DU, for
the entire year of 2025. Running efficiency values from DU and SAP are presented in
table 5.5.
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Table 5.5: Running efficiency difference between DU and SAP

DU | SAP | Difference (in percentage points)
D01 | 63.3% | 60% 3.3
D02 | 51.3% | 58% -6.7
E02 | 59.4% | 63% -3.6
E04 | 71.6% | 67% 4.6

The results show that all four considered channels exhibit differences between SAP
and DU regarding running efficiency. No consistent pattern can be identified indicating
which system has higher or lower differences. The identified misalignment in both
planned cycle times and running efficiency indicates that the systems are not fully
synchronized.

5.3.1 Effects of misalignment between SAP and DU

Although the quality of the data in DU cannot be verified, it is assumed in this section
to be representative of actual manufacturing conditions in order to assess the effects
of misalignment between SAP and DU.

A SC calculation performed on time data and efficiency measure that is not aligned
with DU, can lead to an inaccurate allocation of the production cost. If, for example, the
cycle time and resetting time is too short and the running efficiency is too high in SAP,
it will result in a SC that is very low. A low SC could lead to an increase in the sales of
bearings, but has a negative effect on the margins. However, if the cycle and resetting
time is too long and the running efficiency is too low in SAP, it will result in a SC that is
very high. A high SC will increase the margins of the bearings, but the customer could
perceive the price as too high and resulting in deceasing sales. Therefore, the effect of
misalignment depends on both the direction and magnitude of the differences between
SAP and DU. The examples above represent extreme cases, while actual outcomes
may vary depending on the specific differences between SAP and DU. In some cases,
differences in opposite direction may offset each other, resulting in a smaller overall
impact. Such an example could be a cycle time that is too low combined with a running
efficiency that is also too low.

To demonstrate the effect of the scenarios described, VA cost per piece, which consti-
tutes a component of the overall SC calculation, is calculated using equation 4.6. The
planned cycle times and running efficiency are obtained from both SAP and DU from
the channel D02. For this demonstration, the VA rate is set to 120 EUR per hour and is
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based on an example from internal documentation provided by the controlling depart-
ment. The VA cost per piece for of the three defined categories, minimal, noticeable,
and large, all of which were selected randomly from the channel D02, is presented in
table 5.6. Two percentages per category was used to reflect that cycle time and effi-
ciency can vary independently and sometimes offset each other, resulting in different
impacts for similar cycle time difference ratios.

Table 5.6: VA cost per piece for three categories

Minimal Noticeable Large
Random observation #1 #2 #1 #2 #1 #2
Difference ratio 1.33%  1.35% | 14.29% 14.1% | 38.46% | 28.92%
SAP 262 255 414 269 372 286
DU 292 292 409 347 304 417
Difference -30€ | -37 € 5€ -78€ | 68€ | -131 €

The result shows that five of the six VA cost per piece has a significant difference be-
tween the systems. The largest observed difference in VA cost per piece was that the
one based on DU was 45.8% larger than SAP, while the smallest difference between
the systems was 1.2%. The sample size of six VA cost per piece out of 84 mismatches
in DO2 is too small to indicate a pattern on which system has the smaller or larger value.

Although this may not initially appear to be a major issue, the large production volumes
at SKF imply that an inaccurate VA cost per piece may not reflect actual manufac-
turing conditions. This can lead to significant financial consequences, such as lower
margins, loss on sold bearings, or reduced sales volumes. To show this, the VA cost
per piece has been multiplied by the 2025 production volume for the corresponding
material families, and the results are presented in Table 5.7.

Table 5.7: Financial consequence by VA cost per piece

Minimal Noticeable Large
Random observation #1 #2 #1 #2 #1 #2
Difference -30 € -37 € 5€ -78 € 68 € -131 €
Volume 2025 10434 3424 2236 4650 7966 8054
Financial consequence | -313 020 € | -126688€ | 11180 € | -362 700 € | 541 688 € | -1 055074 €

5.4 Alignment between SAP, QMPS, and DU

This section presents a combined analysis of all three systems: SAP, QMPS, and DU.
While the previous sections analyzed the systems pairwise, a combined analysis pro-



5. Current state

vides a more comprehensive understanding and picture of the overall data consistency
and allows for the investigation of whether discrepancies occur across all systems, as
well as the identification of any patterns. All three systems should contain time data
and efficiency measures that are consistent. However, based on the previous findings
and identified shortcomings in adherence to SOPs, misalignment is expected.

To determine whether any differences exist between the three systems in regards to
cycle times, bar charts comparing cycle times for material families in SAP, QMPS, and
SAP were created. These bar charts are shown in figure 5.9, 5.10, 5.11, and 5.12.
An analysis of the charts showed that the system alignment of cycle times for channel
EO4 were consistent across all three systems, apart from a small number of identi-
fied differences. In contrast, the three remaining channels show considerably larger
differences in the alignment of cycle times. The figures also showed that there is no
apparent pattern regarding which system differs from the others. In some cases, none
of the systems are aligned.
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Figure 5.9: Cycle times for material families in DO1
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Figure 5.12: Cycle times for material families in E04

The running efficiency values for the three systems is presented in table 5.8. As the
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table shows, running efficiency is also not aligned across the systems. Only in one
instance, for the channel E04, the efficiency value is aligned for two out of the three

systems.

Table 5.8: Running efficiency misalignment between QMPS, SAP and DU

QMPS | SAP | DU
D01 | 66% | 60% | 63.3%
D02 | 60% | 58% | 51.3%
EO02 | 64.5% | 63% | 59.4%
E0O4 | 67% | 67% | 71.6%

Taken together, the results confirm that misalignment is not limited to specific system
pairs, but reflects a broader lack of consistency in the data environment. The absence
of a clear pattern regarding which system deviates suggests that inconsistencies are
not caused by a single type of error but rather weaknesses in the current way of working
across multiple aspects. This highlights the relevance of designing a revised SOP

supporting reliable TDM.
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Future state

The analysis of existing SOPs in relation to the current state revealed several fun-
damental shortcomings related to TDM. These shortcomings form the basis for the
proposed future state, which aims to address mismatches, misalignment between sys-
tems, unclear definitions and terminology, unreliable determination of time data, and a
lack of clearly defined responsibility. This chapter proposes a revised SKF SOP, along
with a step-by-step implementation process to ensure that the identified shortcomings
are addressed and that new issues related to TDM are not introduced.

6.1 Future state systems and databases

This section presents the new systems and databases required to enable and support
the proposed future state. SAP and QMPS, as described in SKF’s SOP, remain part of
the future state.

Factbird

As mentioned in chapter 1, SKF is currently implementing a MIS across its three TVO’s
in Gothenburg, replacing the current disturbance reporting and performance evalua-
tion system, DU. The new MIS, Factbird, provides real-time visibility and data-driven
insights into production, supporting fast and informed decisions. This is achieved by
collecting and integrating data from sensor counters and connected PLCs in the pro-
duction, allowing data from the production to be visualized digitally. In DU, operators
manually report disturbances by entering both the type of stop and the duration of the
stop. As many disturbances often end up being registered at the end of the shift, the
information often becomes highly dependent on memory and poses a risk of data inac-
curacy. The new MIS also requires operators to classify the disturbance type, but the
duration of each stop is automatically recorded which reduces the reliance on mem-
ory and eliminates the estimation of the stop length. When classifying the stops, the
operators select from a set of predetermined stop categories in a user-friendly oper-
ator interface that reduces the required effort to report, which helps ensure that stop
classifications are performed accurately. As a result, Factbird is expected to provide a
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more reliable basis for efficiency measures and improvements thanks to the improved
accuracy and traceability of disturbance data, as mentioned in chapter 1. In addition,
Factbird captures operational data in real time and is therefore able to record other
production metrics, including actual cycle and resetting times for all variants in the
different production cells and channels. A crucial prerequisite for the validity of the effi-
ciency measures is that the operators manually start new batches in time. This ensures
that the measured actual cycle times are compared against the correct planned time,
allowing for accurate quantification of speed losses, which is a part of the efficiency
calculations. The future state chapter assumes that Factbird is fully implemented and
operational across all channels in all three TVOs in Gothenburg.

IT/OT database

As part of the implementation of Factbird, a new database, which we hereafter refer to
as IT/OT database, was created. The purpose of the IT/OT database is to store the
correct and most up to date values for planned cycle times. This approach allows data
to be updated and managed without directly affecting SAP, which could have conse-
qguences for other parts of the organization, such as Controlling and Supply Chain.
A new database was created as Factbird is not designed to function as a master
database, and SKF do not want to use it for that purpose.

6.2 Proposed design of time data and efficiency mea-
sures

This section presents a new approach to the determination and definition of time data
and efficiency measures, as well as the assignment of accountability and responsibility,
aiming to address the previously identified shortcomings.

6.2.1 Cycle time

Determination

As previously mentioned, Factbird records several production metrics for each material
family batch, including cycle time for each produced unit, stops, and scrap and rework.
Factbird therefore enables a straightforward comparison between planned cycle times
and actual cycle times captured from production. This can be used to identify which
cycle times in the IT/OT database are correctly determined, and consequently, which
ones require re-evaluation. The comparison between planned and actual times can be
performed by using Factbird’s metric "machine cycle time while running". This mea-
sure filters out all disturbances and interruptions, such as micro stops, longer stops,
and resets from the total actual cycle time in Factbird. This makes it possible to obtain



6. Future state

cycle time for when the process is operating under steady-state conditions, and thereby
allowing actual and planned cycle times to be easily compared. If there is a deviation,
it is most definitely caused by a process change or that the initial planned cycle time
was wrongly determined. It therefore needs to be re-determined.

The study mainly proposes two different time determination methods to be used at
SKF. One of the methods is based on calculation, while the other method utilizes Fact-
bird as a supporting tool. The choice of time data determination method depends on
two factors: the available time and the required accuracy.

The first method is based on the machine speed specified by the equipment supplier,
combined with additional automated handling times, such as robot motions. This ap-
proach results in a planned machining time derived from the nominal machine speed,
while automated handling times account for activities such as loading and unloading of
the product. In addition, recurring activities, such as tool dressing, are incorporated into
the planned cycle time based on their known frequency and duration. These elements
are simulated in a Computer-aided Manufacturing software, which results in a planned
cycle time of the bottleneck machine. This method is feasible because the behavior of
machines and robots is largely deterministic under stable operating conditions.

The other method uses the recorded metric "machine cycle time while running", to de-
termine planned cycle times. For the data to be reliable, production should be observed
and it should be verified that the process is operating as designed before setting the
planned time. If, for example, machine parameters have been changed, these should
be reset to their intended settings and the comparison should be performed again to
assess whether the deviation remains. The recorded metric under these verified con-
ditions can then be used as the new planned cycle time.

It is also worth mentioning a third method, which is the quickest and easiest, but also
the least reliable. This method should be avoided, but could be used if the analy-
sis shows a abnormally large deviation which requires a quick temporary fix of the
planned cycle time. The method also involves using the metric "machine cycle time
while running" to directly update the planned cycle time, without observing the pro-
duction process. Although this approach may help reduce large deviations until an
alternative method can be performed, it involves a large risk of embedding losses into
the planned cycle time, thereby creating a mismatch. For example, the production may
be operating at reduced speed on purpose which could result in an excessively long
planned cycle time.
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Definition

If the first method is selected as the determination method, it is essential to ensure that
all three components are included in the planned time. Otherwise, the planned time will
not meet SKF’s required definition. The second and third methods will automatically
apply the correct definition, as Factbird does not classify loading, unloading, or dress-
ing as disturbances. Consequently, these activities are included in both the actual and
planned cycle times.

Responsibility

To clarify ownership beyond responsibility, accountability from the RACI framework, de-
scribed in the Frame of Reference chapter, is introduced in the future state. The study
suggests that production managers should be accountable for the cycle times. Man-
ufacturing Reliability will be responsible department for analyzing differences between
planned and actual cycle times, determining the appropriate time data determination
method, and updating the newly established planned times in the IT/OT database and
subsequently in SAP

6.2.2 Efficiency

Determination

As mentioned earlier in this chapter, no manual determination of efficiency measures
is required, as Factbird captures these automatically. However, as previously noted,
accurate planned cycle times remain a prerequisite, as incorrect speed losses are ob-
tained otherwise.

Currently, only OEE is measured automatically in Factbird. This study suggests that
running efficiency should be measured automatically as well. Having automated mea-
surement would eliminate the need for manual calculations by those responsible for
updating efficiency in the planning system, thereby reducing the workload and the risk
of human errors, and supporting a more data-driven approach.

Defintion

The study suggests that the term "efficiency" be replaced with "running efficiency" in
the ERP and planning systems to avoid unnecessary confusion between the different
efficiency definitions. This change reduces the risk of entering OEE values instead of
running efficiency in the ERP system which was shown to be an issue in the current
state, potentially due to the use of the term "efficiency". OEE and running efficiency
should also be clearly differentiated in Factbird and the IT/OT database to reduce the
risk of confusing them.
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Responsibility

The study suggest that the production manager should be accountable for the effi-
ciency measure. Manufacturing reliability will be the responsible department for per-
forming the updates in the IT/OT database with the correct efficiency measures.

6.2.3 Resetting time

Determination

The resetting time in SKF’s databases and systems was found to most likely represent
actual times rather than planned times. However, forthcoming improvement sugges-
tions require planned times as a basis. Therefore, planned resetting times for all ma-
terial families must be defined using an appropriate time determination method. Given
the large number of material families at SKF, the method must be sufficiently time effi-
cient to ensure it will be applied to all material families. However, as it forms the basis
for production planning and the SC process, a sufficiently high level of accuracy is re-
quired. This highlights a trade-off between cost and accuracy.

In the frame of reference chapter, Almstrém (2024) mentions three options for deter-
mining planned times: comparison and estimation, predetermined time systems such
as MTM-1 and SAM analysis, and calculation and simulation. Comparison and esti-
mation is a time efficient method but often results in approximate times with limited
accuracy. Furthermore, it is influenced by factors such as the operator’s relationship to
the manager and the company (Almstrém, 2024). Calculation and simulation require
dedicated models or software, which involves both a time and financial investment. The
predetermined time system MTM-1 has high precision but has the downside of being
time consuming to learn and apply. However, SAM analysis offers a more appropriate
trade-off between time efficiency and accuracy among the evaluated alternatives and
has therefore been selected as the method for determining planned resetting times in
this study. For channels where resetting is performed automatically, which currently
applies to only one channel, the planned time was already available, meaning that this
step does was not required.

In the future, emerging approaches for the automated creation of MTM analyses could
potentially be used for this purpose instead. As mentioned in the frame of reference
chapter, examples of such methods include artificial intelligence- and virtual reality-
based approaches developed by Borsdorf et al. (2022) and Benter et al. (2026). These
methods have the potential to reduce analysis effort and limit the need for expert knowl-
edge, while providing sufficiently accurate time data as the technologies continue to
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develop.

Once planned resetting times are available, continuous analysis between planned and
actual cycle times can be carried out. Factbird enables analysis of planned and actual
resetting times, allowing large deviations where actual times differ significantly to be
identified and investigated. As part of the investigation, the next identical reset should
be observed or the operator that performed the reset be consulted. This to determine
whether the deviation is caused by random variation or a process change. If the de-
viation is due to random variation, no action is required, whereas a process change
necessitates the determination of a new planned time. SAM analysis will continue to
serve as the time data determination method.

Definition

As previously mentioned in the current state chapter, three different definitions of re-
setting time have been identified. To avoid having the planned resetting times defined
with different definitions, the responsible departments must be instructed that all SAM
analyzes have to be performed using the definition by Zandin (2001), which is pre-
sented in the frame of reference. The correct definition is crucial since SAP and QMPS
require this definition to perform accurate production planning and SC process. This is
also the definition used for actual resetting times in Factbird, and it is therefore required
to ensure that the analysis between planned and actual times is performed correctly.
This study suggests that these three different definitions should be distinguished using
different terminology. This reduces the risk that an incorrect definition is applied, which
in turn helps ensure consistency and accuracy.

Responsibility

The study suggest that the production manager should be accountable for the reset-
ting times. Manufacturing Reliability will be responsible department for analyzing differ-
ences between planned and actual resetting times, performing the SAM analyses and
updating the newly established planned times in the IT/OT database and subsequently
in SAP.

6.3 Further improvements in the future state

Building on the identified shortcomings, this section presents additional improvements
that become feasible through the introduction of the MIS and IT/OT database.

Resetting efficiency
In the current state, SKF’s systems and databases contain a single resetting time in-
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tended to reflect the actual resetting time. This differs from how cycle times are rep-
resented in the same system, where a planned cycle time is adjusted using a running
efficiency factor to reflect the actual cycle time. Having accurate planned times and
representative actual times available would enable the implementation of a resetting
efficiency measure.

The study suggests that resetting efficiency be displayed in Factbird alongside OEE
and running efficiency, enabling visualization of resetting efficiency over different time
periods. This would also allow each channel to have its own resetting efficiency. In
the frame of reference, Almstrom (2024) discusses performance rating, which serves
as the basis for resetting efficiency. The equation used to calculate the resetting effi-
ciency is presented in equation 6.1.

Planned Resetting Time per time period
Actual Resetting Time per time period

Resetting efficiency = (6.1)
Implementing a resetting efficiency serves two main purposes. First, the resetting ef-
ficiency obtained from Factbird can easily be updated in systems and databases to
improve the accuracy and reliability of production planning and SC processes. The
resetting efficiency obtained from Factbird is a more data-driven approach for updat-
ing the resetting time to reflect actual conditions, rather than just updating it based on
estimation. Second, resetting efficiency provides a clear indicator of whether the per-
formance of the resets has improved or worsened.

Resetting visibility

Although all resets, except for one channel, are carried out manually by an operator,
the planned or target resetting time is generally not known to them. Because of this,
the study proposes that Factbird incorporate a display in the operator view showing
either the remaining planned reset time or the additional time spent on resetting. This
can be implemented using a countdown, a progress bar, or a similar visual indicator,
provided it clearly shows the process and whether it is ahead of or behind the planned
time standard. In line with lean visual control principles presented by Liker (2003), this
provides the operators with immediate visual feedback and a clear benchmark during
resetting, helping to ensure proper execution and reduce variation in actual resetting
times.

IT/OT database
The study suggests that the IT/OT database should store more than just planned cycle
times and should also store planned resetting time, running efficiency, OEE, and reset-



6. Future state

ting efficiency. This collects all data in a single database instead of spreading it across
multiple databases and systems. This reduces the need to search for data across mul-
tiple systems and databases, thereby saving time. The IT/OT database also serves as
a buffer where all time data and efficiency measures can be updated without impacting
production planning or the SC process.

6.4 Management of time data and efficiency measures

In the frame of reference chapter, Almstrém (2024) describes a method that compa-
nies can use in order to minimize the mismatch between planned and actual times and
maintain the quality of time standards over time. This can be achieved by working with
constant analyzes and continuous improvements. How this method will be applied to
SKF’s systems is illustrated in figure 6.1 and described in this section. In practice, ad-
ditional systems are involved, such as interactions between Factbird and SAP through
a complex system architecture. However, these elements are beyond the scope of
this study and are not included in the figure to maintain clarity and emphasize the key
aspects.

No action
required
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Actual/Planned JERLEL:T Time

times analysis determination

1 ) "
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] 0
G ) planned times
1
—> Automatic data flow

s Factbird IT/0T ----3 Manual input
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Figure 6.1: Data flows connecting systems and activities

Production

The constant analyzes compares the recorded metric "machine cycle time while run-
ning" with the planned times. Factbird will be used for the constant analyzes, as it it
receives both actual times from the production and planned times from the newly estab-
lished IT/OT database. As shown in figure 6.1, Factbird receives information through
an automatic data flows from both production and the IT/OT database. Production data
into Factbird is updated in real time, while data from the IT/OT database is imported
into Factbird at the start of each new batch. This gives an first indication if there is a
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difference between the planned and actual times that have to be further investigated. If
further investigation into the mismatch is required, the following question should be ad-
dressed: ’Is the difference between actual and planned time due to a process change
or random variation?’. If the answer is random variation, no action is required. How-
ever, if the answer is process change, a appropriate action should be taken. As shown
in figure 6.1, the latter response implies that a new planned time must be established
using an appropriate time data determination method. The process of continuously an-
alyzing and determining appropriate time data differs depending on whether the time
relates to a cycle or a resetting, as described in section 6.2. The analysis should be
performed continuously, but at least annually and prior to the SC process, to ensure it
is based on correct time data and efficiency measures. This is supported by Almstrém
(2024) who states that a revision once a year is a reasonable compromise between
precision and cost. The figure also shows that the new planned time have to be man-
ually updated in the IT/OT database, which is done by the department responsible for
determining it. This should be done simultaneously as a new planned time is estab-
lished.

The IT/OT database also consists of OEE, running efficiency, and resetting efficiency.
As shown in figure 6.1, these measures will be received from Factbird and updated
manually into the IT/OT database, which is performed by the department responsible
for efficiency. The efficiency measures in the IT/OT database should be updated annu-
ally, prior to the SC process, using measurements from the previous year. This ensures
that the time frame is long enough to remove the impact of large stops, for example
weeks of material shortage.

The previous chapter demonstrated that the systems and databases are not aligned.
Figure 6.2 illustrates how these systems and databases will be connected to ensure
alignment. SAP will be updated with planned cycle times, planned resetting times, run-
ning efficiency, and resetting efficiency from the IT/OT database. Since the measures
stored in SAP directly affects both SC and Supply Chain’s planning parameters, SKF
requires that updates are performed manually by a responsible with SAP authorization.
This manual approach ensures that data is entered in the correct format, aligned with
the time data and efficiency measure structured in SAP, and validated before being re-
leased. SAP should be updated simultaneously as the IT/OT database, which means
annually and prior to the SC process. SAP and QMPS will have an automatic data flow
between them, which means that as soon as SAP is updated these changes will be
updated in QMPS.
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Figure 6.2: Data flows connecting systems

The proposed data flows connecting systems and activities, presented in figure 6.1
and 6.2, are not currently implemented at SKF and will need to be realized through
a gradual implementation process. The study proposes a step-by-step list outlining
the process required for successful implementation. Once implemented, updating and
performing the activities should follow the proposed frequencies outlined in this section.

» Analyze all of the planned cycle and resetting times to minimize the mismatch of
the data stored in the new IT/OT database.

» Update the IT/OT database with OEE, running efficiency, and resetting efficiency.

» Update SAP with data from the IT/OT database, subsequently automatically up-
dating QMPS.

» Continuously repeat the step-by-step list to maintain the quality of time standards
over time.
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Discussion

The purpose of this thesis was to investigate how SOPs at SKF can be designed to
support reliable TDM. The analysis of existing SOPs in relation to the current state
revealed challenges related to time data and efficiency measures definitions, determi-
nation, alignment of data across systems, and responsibility and accountability. Based
on these findings, the thesis proposes an updated SOP that establishes revised defini-
tions, determinations, clarifies accountability and responsibility, and introduces a more
standardized way of working. This chapter discusses these findings in relation to the
research questions and relevant literature.

7.1 Research question 1 and 2

The first and second research questions examine how SKF’s SOPs are currently de-
signed and adhered to, and what effects this has on reliable TDM. The questions are
addressed within the same subsection, as these aspects are closely interrelated.

A comparison between the SOP and actual work practices revealed that, although
a formal SOP exists, it is not consistently followed in practice. The findings from the
current state presented in Chapter 5 indicate that interview responses varied across
respondents and that, when the SOP was not followed, the process carried out instead
could differ significantly. Several factors contributing to this lack of adherence were
identified, including limited awareness of the SOP, time constraints, insufficient exper-
tise, unclear accountability and responsibility, and the acceptance of practices such
as comparison and estimation. As a result, procedures are often bypassed in favor of
faster, experience based approaches. This indicates that the SOPs does not function
as a standardized way of working but rather as reference documents applied inconsis-
tently across the organization.

Kuhlang et al. (2014) defines TDM as the determination, usage, and administration
of time standards. The findings from this study indicate that the shortcomings related
to both the SOP design and adherence to it negatively affect all three of these aspects
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of TDM.

The lack of adherence is particularly evident in the determination of planned times.
The current state analysis indicates that comparison and estimation are the most com-
monly used methods for determining planned times. According to Almstrém (2024),
these methods often result in time data being approximate and lacking accuracy. Their
acceptance as "good enough" reflects a practical trade off between efficiency and accu-
racy, where minimizing workload and maintaining operational processes are prioritized
over establishing reliable time standards. While this approach may reduce workload
in the short term, it weakens the reliability and consistency of time standards deter-
mination. The findings also suggest that the determination process is dependent on
individual experience and knowledge rather than standardized procedures. This cre-
ates a risk within the organization, as the quality of time standards becomes dependent
on specific individuals rather than on a consistent organizational process. Such depen-
dence reduces both repeatability and reliability within TDM.

Beyond affecting the determination of time standards, the lack of adherence also influ-
ences how time data is administered and maintained. The absence of clearly defined
accountability within SKF’s SOP, combined with the inconsistent adherence to formally
designated responsibilities in practice, contributes to the misalignment identified in the
current state. This became particularly evident during the interviews, where conflict-
ing perceptions regarding ownership and responsibility for time data were observed
across departments. The quantitative analysis on mismatch further strengthens these
findings. It showed that the channel that was least aligned exhibited a misalignment
rate of 77.92% between SAP and QMPS. These results demonstrate that the current
organizational structure and associated work practices are insufficient for maintaining
synchronized and reliable time data across systems and databases. Since updates
are dependent on manual communication and coordination between departments, the
process becomes vulnerable to delays, misunderstandings, and inconsistent execution.
As a result, the administration and maintenance of time standards are not conducted
in a structured or systematic manner.

These issues align with the theory presented in chapter 2, which identifies that there
are three principal causes contributing to mismatches between actual times at the shop
floor and the planned times stored in databases and systems (Almstrém & Winroth,
2010). These causes are operation times being defined incorrectly from the begin-
ning, additional allowance times to handle disturbances becoming permanent and ac-
cumulating over time, and operation times being rarely updated. The findings from
this study indicate that two out of the three causes are present at SKF. Planned times
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are frequently determined using comparison and estimation based methods and up-
dates are performed sporadically rather than continuously. The identified mismatches
have significant operational implications. If the planned times stored in systems do not
reflect actual production conditions, the reliability of production planning and SC calcu-
lations is reduced. The quantitative analysis demonstrated that discrepancies between
systems could result in substantial deviations in value-added cost calculations, which
indicates that unreliable time standards not only affect production planning but also
financial decision-making. Consequently, the usage of time standards throughout the
organization becomes less reliable.

Overall, the findings indicate that shortcomings in both the design of the SOP and its
lack of adherence at SKF contribute to unreliable TDM. Inconsistent procedures, un-
clear accountability and responsibility, insufficient synchronization between systems,
and reliance on comparison and estimation practices reduce the accuracy, consis-
tency, and traceability of time standards throughout the organization. As a result, the
reliability of production planning and cost calculations is negatively affected.

7.2 Research question 3

The last research question examines how SKF should design their SOPs to better
support reliable TDM. The findings indicate that full adherence to the current SOPs
alone may not be sufficient to ensure reliable TDM. This suggests that the existing
SOP cannot fully support reliable TDM, highlighting the need for a revised approach.
Consequently, the identified shortcomings in both the SOP design and the current state
define the areas that need to be addressed when designing a future state.

The proposed future state was therefore developed to address these identified short-
comings by introducing more accurate determination methods, improved definitions of
time standards, and routines for continuous updating and synchronization of data be-
tween systems. Many of these improvements are enabled by the MIS, which supports
multiple determination methods, facilitates continuous comparison between planned
and actual times, and improves synchronization across systems and databases. Com-
pared to the current state, where updates are largely dependent on manual commu-
nication and coordination between departments, the future state introduces a more
systematic and data-driven approach to TDM. Consequently, the proposed future state
is expected to significantly reduce the mismatches and inconsistencies identified in the
current state analysis.

However, although these technical improvements address several shortcomings, the
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findings also indicate that technological solutions alone are insufficient to ensure reli-
able TDM. One of the most significant issues identified in the current state was that no
department had clear accountability for TDM. Interview responses demonstrated con-
flicting perceptions regarding ownership and responsibility for time standards, which
contributed to inconsistent updating and maintenance of time data across systems.
This implies that the MIS alone cannot eliminate mismatches and inconsistencies if the
identified organizational shortcomings remain unresolved. This aligns with Hedman
and Almstrém (2017), who argue that achieving high-quality time data requires more
than technological solutions and emphasizes the importance of a well-structured TDM
organization.

To address these organizational shortcomings, the proposed future state establishes
clearer accountability and responsibility regarding the determination, definition and
continuous updating of time standards. Responsibility for performing activities is as-
signed to a specific departments, while accountability is assigned to another depart-
ment which focuses on monitoring and ensuring that these activities are carried out.
This structure is inspired by the RACI responsibility assignment framework and aims
to reduce vagueness regarding accountability and responsibility of time data. Con-
sequently, if the responsible department fails to perform the required activities, the
accountable department is expected to follow up and ensure adherence to the SOP.
Compared to the current state, where responsibilities were inconsistently interpreted
and followed, the proposed structure creates a more systematic and continuously main-
tained TDM. This aligns with Imran et al. (2021), who argue that successful digital
transformation requires not only technological implementation, but also organizational
structures that support clear responsibilities, communication, and decision-making.

The proposed future state therefore demonstrates that reliable TDM is not solely de-
pendent on technological solutions, but also on organizational structures, clearly de-
fined accountability and responsibilities, and continuous procedural adherence. Al-
though the MIS enables improved data collection, synchronization, and analysis, the
findings from the current state indicate that organizational practices and operational
priorities strongly influence whether SOPs are consistently followed in practice. Con-
sequently, the successful implementation of the future state depends not only on the
introduction of new technological solutions, but also on organizational acceptance, and
continuous adherence across departments. Without sufficient organizational support,
there is a risk that informal and experience-based practices similar to those identified
in the current state will continue despite the introduction of improved systems and pro-
cedures.
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Overall, the proposed future state addresses the major shortcomings identified in both
the existing SOP and the current operational practices by introducing clearer owner-
ship, more reliable determination methods, improved synchronization between sys-
tems, and continuous updating of time standards. Together, these changes create
improved conditions for reliable TDM and are expected to reduce the mismatches and
inconsistencies identified in the current state. However, since the implementation of
the future state was outside the scope of this study, it is not possible to empirically
verify whether the proposed changes will fully eliminate these issues in practice. Con-
sequently, although the future state is grounded in relevant theory and designed to ad-
dress the identified shortcomings, the practical effectiveness of the proposed changes
remains dependent on successful organizational implementation and continuous ad-
herence to the revised procedures.

7.3 Reflection on methodological approach

The case study approach enabled an in-depth understanding of TDM within SKF in
Gothenburg, capturing the complexity of interactions between systems, departments,
and SOPs. However, this depth comes at the expense of transferability. As the study fo-
cuses on a specific part of the organization and its production environment, the findings
may not be directly transferable to other parts of SKF or to other companies. Variations
in organizational structures and production environments further limit the applicability
of the results. Nevertheless, due to shared processes, systems, and organizational
practices within SKF globally, the findings may be more applicable across SKF than
to other companies. Consequently, while the findings may be relevant to contexts with
similar characteristics, they should be interpreted with caution when applied to other
settings.

SKF’s SOPs are based on internal documents. However, as time constraints limited the
scope of document analysis, not all potentially relevant documents could be reviewed.
This creates a risk that additional document analysis could yield findings that differ from
those presented in this study. Despite this limitation, a substantial number of internal
documents were reviewed, and the findings were largely consistent across them. This
suggests that additional data collection would likely yield similar patterns, although this
cannot be guaranteed. The reliance on interviews introduces potential bias, as intervie-
wees may present their work in a more structured or favorable manner than it occurs in
practice, or their responses may be influenced by their roles and experience. Although
efforts were made to mitigate this through the use of 19 semi-structured interviews and
cross-validation with quantitative data, the risk of bias cannot be entirely eliminated.
The qualitative analysis, based on the Gioia methodology, involves interpretation by



7. Discussion

the researchers. The grouping of 1st-order concepts into 2nd-order themes and aggre-
gate dimensions provides a structured framework to guide this process. However, the
analysis remains inherently subjective, as different researchers may interpret the same
qualitative data differently. Consequently, even when applying the same methodolog-
ical framework, the findings may vary depending on the researchers’ interpretations
and judgments.

The inclusion of quantitative data from systems such as SAP, QMPS, and DU enabled
validation of the issues identified in the qualitative analysis, particularly regarding mis-
alignment and mismatch. This strengthens the study by providing measurable evidence
to support the qualitative findings. However, the reliability of these analyses depends
on the assumption that accurate and relevant data were extracted from the systems.

The proposed future state is largely based on the qualitative and quantitative data
collected in this study. However, as previously discussed, these data sources have in-
herent limitations, which may also influence the outcome of the proposed design of the
future state. Consequently, the future state should not be regarded as the only possible
solution, nor necessarily the optimal one for addressing the identified issues. Further-
more, the proposed solution could have been discussed in greater depth with interview
participants to capture their perspectives and reactions, which may have contributed to
a more comprehensive evaluation.

7.4 Future research

Based on the findings and limitations of the study, several areas for future research can
be identified. Future research could further investigate whether the technical capabil-
ities required for the proposed solution can be implemented in practice as intended.
In this study, the technical feasibility of the proposed solution was based on expert
knowledge within SKF. A few examples of such capabilities include the possibility of
automatic updates between SAP and QMPS, as well as the MIS’s ability to measure
running efficiency and reset times.

Future work could also explore the use of cycle time and efficiency data at a more de-
tailed level within databases and systems. Currently, cycle times are defined for entire
material families, regardless of potential differences between different variants. How-
ever, Factbird can provide cycle time for the final variant level, which could improve the
accuracy of both planning and costing by better reflecting the actual processes. Sim-
ilarly, running efficiency is currently defined at channel level, even though it may vary
between different material families due to factors such as differences in raw material
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quality from different suppliers.

Another area for future research is to evaluate the proposed solution following poten-
tial implementation. This study does not assess the long term effects, which would be
necessary to determine whether the proposed solution leads to improved adherence
to SOPs and increased reliability of data. This is especially important as the findings
of this study have shown that the current SOP are not consistently followed in practice,
meaning that intended improvements may not be realized if similar behavioral patterns
persist. While this study primarily focuses on organizational structure, previous re-
search highlights leadership and culture as important factors influencing performance
outcomes of digital transformation (Imran et al., 2021). These aspects have not been
addressed in this study but may play a critical role in ensuring successful implementa-
tion. If the proposed solution does not lead to improved adherence in practice, further
research should investigate the underlying causes and identify measures to ensure
consistent application.

Future research could also examine the transferability of the findings to other con-
texts, especially where similar MIS are used. As the study is based on a single case,
the findings are limited to the specific context of SKF in Gothenburg. Further studies
could therefore investigate whether similar challenges can be observed and whether
similar solutions are relevant in other industrial contexts.

Furthermore, this study focuses solely on investigating how accurate and up-to-date
time data and efficiency measures can positively influence SC calculation and produc-
tion planning. However, as mentioned in section 2.4, these factors can also have a
positive impact on four additional areas. Further research could therefore explore how
accurate and up-to-date time data and efficiency measures, affect these four areas at
SKF and identify which departments stand to benefit from them. For example, as men-
tioned in chapter 4, SC also serves as the foundation for calculating several other cost
concepts. One of these concepts is used for profitability analysis and may potentially
serve as a basis for decision-making. The effects of these cost concepts being based
on an inaccurate SC were not examined within the scope of the study. Further re-
search could therefore investigate how improvements in SC propagate to related cost
concepts and affect decision making processes.
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Conclusion

This master’s thesis investigated how SOPs at SKF can be designed to support reliable
TDM. The case study, conducted at SKF’s three TVOs in Gothenburg, revealed both
technical and organizational challenges affecting the reliability of TDM. The findings
from the analysis demonstrate that, although SOPs exist, they are not consistently fol-
lowed in practice. As a result, time data and efficiency measures are often determined
using comparison and estimation, leading to mismatches across systems. This, com-
bined with unclear definitions, insufficient synchronization between systems, a lack of
clearly defined responsibilities, and the absence of accountability, results in unreliable
TDM. Consequently, the reliability of both production planning and SC calculations is
reduced. To address these challenges, a revised SOP was proposed. The future state
introduces improved and more accurate methods for determining time data and effi-
ciency measures, supported by the use of a MIS and a centralized IT/OT database. It
enables continuous comparison between planned and actual times, establishes clearer
and more consistent definitions, and improves synchronization between systems. In
addition, it defines both responsibility and accountability to ensure that time data and
efficiency measures are continuously updated and maintained.

In conclusion, the study demonstrates that reliable TDM requires the alignment of tech-
nological capabilities with well-defined organizational structures. While the proposed
future state provides a basis for improving data quality and system alignment, its suc-
cess ultimately depends on organizational acceptance and consistent adherence in
practice. These findings highlight that reliable TDM is not only a technical challenge
but fundamentally an organizational one.
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