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ABSTRACT

This thesis investigates the optimization of production systems at SKF, a global leader in the manufacturing of
bearings, focusing specifically on roller manufacturing in Gothenburg, Sweden. Given the rapid advancements in
industrial manufacturing SKF seeks to increase the efficiency of their roller production. This study assesses two
contrasting production scenarios, Simplified Flow and Flexible Flow, to determine which aligns best with SKF’s
strategic objectives and the inherent challenges of the production environment. The primary aim is to evaluate
these systems against key performance indicators, ultimately aiding SKF in refining its production processes.
Research Questions (RQ):

1.

What does the current situation look like for roller manufacturing at SKF?
This question seeks to describe the baseline operations and existing challenges within SKF’s roller
production. A VSM was conducted to answer RQ1.

What problem areas can be identified connected to the current situation?

This focuses on pinpointing specific issues that could be addressed by changes in the production system.
RQ2 was answered by identifying problem areas derived from interviews, observations, and the VSM
where 6 problem areas were identified.

What are the main differences between the two proposed production scenarios and how do they manage
the identified problem areas?

This question compares the two production scenarios in detail, examining how each manages the
identified problem areas. The Simplified Flow focuses on flow efficiency whilst Flexible Flow focuses
on resource efficiency.

Which of the two proposed production scenarios for SRB rollers is most suitable for SKF?

The final question aims to conclude which production scenario best fits the strategic and operational goals
of SKF. RQ4, by combining the results from an MCDA analysis and how the respective scenario manages
the identified problems, resulted in a recommendation to implement, and move toward the Simplified
Flow along with aspects taken from the Flexible Flow.

This research utilizes a mixed-method approach, incorporating both qualitative and quantitative data from
interviews, observations, and internal documents. Through analysis framed by a literature review in production
systems, this study contributes to the decision-making process at SKF and extends practical implications for the
broader field of industrial manufacturing.

Keywords: Production systems, production layout, material flow, value-stream mapping, performance objectives,
Key Performance Indicator (KPI), Multi-Criteria Decision Analysis (MCDA), Flow Efficiency, Resource
Efficiency, Real Flexibility



ACKNOWLEDGMENTS

This master's thesis was written during the spring of 2024 as part of the supply chain
management program at Chalmers University of Technology, in cooperation with SKF.

We would like to express our appreciation to everyone who contributed to this thesis, with
special thanks to our supervisor, Per Medbo, for his expertise and guidance.

We are also deeply grateful to Jorg Schlager and Johanna Bengtsson at SKF for granting us
the opportunity to conduct this thesis and for providing us with valuable assistance and
direction. Additionally, we would like to extend our thanks to the interviewees and all
operators who provided us with their time and support during observations and data
collection.

Joel Petterson & Max Lorentzon
Gothenburg, 2024






Table of Contents

TS 0 T U =TSSR i
TS 0 N 1= o] [ USSR I
R 101 oo [0 Tox 1 o o SR 1
1.1 Industrial Manufacturing Market............cccooveiieiiiiciice e 1
] PSSP 3
1.2.1  SKFs Roller ManufaCturing .........cooueieieiiieneniesesiisieseeeeee et 3

1.3 Problem Definition ... e 5
1.4 Purpose & ReSearch QUESTIONS. ..........uiiiiiieieieiie sttt 8
1.5  SCOPE & DeliMITAtiONS.......coviiiiiiiiiiiiiiieieiee e 9
FZ |V =11 T o (] (oo Y SRS 10
2.1 RESEAIrCh APPrOACI......cciiiiiiiiiiee e 10
2.2 RESEAICN STIAIEQY ..o.viiviieieiieiieiee et bbb 10
2.3 Data COECHION ..ottt 11
2.3.1  ODBSEIVALIONS. .....veeuieiiieitieie ettt sttt be et te e 11
2 T 1 1 (=1 VAT PR 11
2.3.3  LITErature REVIEW ......c.eouieieieiiesie ettt 12
2.3.4  CUITENt SATE IMIAP ..ovveeeiiii et aee e 13
2.3.5  Multi-Criteria Decision Analysis (MCDA).......cccoiiiiiiinieeie e 14

2.4 RESEAICN ETNICS....uiiiiiiiiiicee e 14
T o (0] 1101 o 00T SRS 15
3. LITEratUre REVIBW ......v ittt sttt teene e teeteeneesneeteeneesreense e 16
3.1 ProduCLION SYSIEIM ......civiiiiieieiie ettt e e sae e reenne e 16
311 VoIUME @NA VAIIELY ..c..veeiiecec ettt 16
312 Layout and FIOW. .......cooiiiiiiiiiie e 17
3.1.3  Push Versus PUIl SYSEEMS .......ccooiuiiiiiieceee s 19

3.2 Manufacturing Planning and Control ... 20
3.2.1  Materials PIanning Methods.........ccooiiiiieiiiiieeeeeee e 21

3.3 Theory of CONSIIAINTS .......cciiiice e re e 22
3.4 The BUll-WRHIP EFFECE.......iiiecicc e 23
3.5 Flow- versus Resource EffiCIENCY ......ccocviieiiiiiiiccece e 24
3.6 Value Stream Mapping (VSIM)......couciiiiiiie it 26
3i0. 1 WWASTE .ttt e e et nbe e beenree s 27
3.6.2  CUITENT STALE........eeeieeiiiesee e 28
3.6.3  FULUIE STALE ...ttt nnee s 29

3.7 Evaluation of Production SYStEMS........cceiiriirieiieiinie et 29



3.7.1  Performance ODJECHIVES .......c.ciiiiiiiiiieiesie sttt nneas 30

372 MCDA . ettt ra e e e 32

4. Current Production SYSTEIM .........uciiiieiieie e sie st e e e e eaesneenne s 33
4.1 Production ENVIFONMENT.........ciiiiiiiieiieie sttt st nneas 33
4.1.1  ProduCtion STrALEQY .......coerveruiriireiieieieiie ettt st 33
4.1.2  Distribution Network of SRB.........cccieiiiiiiiiiii s 34
4.1.3  Production Process Of ROIEIS ........ccccoiiiiiiiieiiece e 36

4.2 CUITENT STAE MIAP .. .e et nne s 38
4.2.1  ProduCtion FIOW .........cooiiiiiiiiiiiiieee s 42
4.2.2  INFOrMAtioN FIOW......cc.ooiiiiieiecie e 45

4.3 Identified ProbIEm ATEaS........ccoueuiiiieiieieseeseee e st ee e ste et e e e saesraesseeeeaneenneas 45
A4.3.1  TAKE TIME oottt bbb 45
4.3.2  Overproduction and EXCESS INVENTOIY .........ccceveririiinieieienie e 46
A.3.3  TTANSPOIT ...ttt b et sb e b e b e b e nne s 47
4.3 4 CONSIIAINTS ...ttt bbbttt bt be st beene e enes 48
4.3.5  Personal Judgement DECISIONS .........ccvrieiieiieriiniesii et 48
4.3.6  SYSIEM SUPPOIT ..ottt nne s 49

5. ProduCHION SCENAMOS......eiteiuiiiiiiieieie sttt sttt sttt sttt e ettt benbe e eneens 50
5.1 Main Differences between Simplified Flow and Flexible Flow.............c..ccccovieiin. 50
511  SIMPHFied FIOW......ccoiiiiieii e 50
5.1.2  FIEXIDIE FIOW....c.oiiiiiieiece st 51

5.2 Management of Identified Problem Areas in Respective Production Scenarios....... 53
5.2.1  TAKETIME oeoieeiiciiee ettt et esraeste e ennaesneenteeneenre s 53
5.2.2  Overproduction and EXCeSS INVENTOIY .......c.cccuevveiieiieeseeie e 54
oI B I - 1] 0] o SR PRRSPPRTR 55
5.2.4  CONSIAINTS....ecuieiiieie et et sie et e et e e e s e e steeseesseesaeeneesreesseeneesneenseas 56
5.2.5  Personal Judgement DECISIONS ........c.coiveiueeieiieiieieseese et sre et sre e snes 57
5.2.6  SYSEM SUPPOIT ..eeeeeiiie ettt e e e e enaeeaas 58

5.3 MDA .ot ettt e re e re e e nns 59
5.3.1  INPULTO IMCDA ..o e 59
5.3.2  MCDA RESUIL......ouiiiiece ettt 64

5.4  SUMMArY OF RESUILS.......eciiiieiice e 65

T B 1ol U 11 (o] o TSROSO PR PSRRI 67
A O ) o 1151 o] o SO TOPR TSR 71
7.1 RECOMMENTALIONS ....oviiiiiieiieieie sttt bbbt 71
7.2 FUINEr RESEAICH ...ttt bbb 72

R OGRS ... 73



Appendix A
Appendix B
Appendix C



List of Figures

Figure 1 Components of an SRB (Internal DOCUMENL).........cccoviieiiieieiiie e 4
Figure 2 SIMplified FIOW SCENAITO ........cooiiiiiiiiie e 6
Figure 3 FIeXible FIOW SCENAIIO ........cccveiiiiii et 7
Figure 4 Seven Steps Of the ProjeCt PrOCESS .......ccoviieiiiiiiiiieesieeeeee e 15
Figure 5 The Product-Process Matrix (Slack et al., 2013) .......cccecveviiiieiiiiececce e 17
Figure 6 Illustration of the Bull-Whip Effect (Preston, 2022) .........cccccceviiveiiienienienieneeee e 23
Figure 7 Efficiency Matrix (Modig & ARIStrom, 2012) ........cccovvvreieeiieieeseeeseeseseseeees 25
Figure 8 Steps Involved in VSM Analysis (Rother & Shook 2002)...........ccccovveienienennene. 26
Figure 9 Sand-Cone Model Based on Slack and Lewis (2015) and Bellgran and Séafsten (2010)
.................................................................................................................................................. 31
Figure 10 Distribution Network 0f SRB .........cccciveiiiieiiece e 35
Figure 11 Production Process Of ROIIEIS..........oiiiiiieiiececee s 36
Figure 12 RRY4-5 Current State Map ......ccoviveiieie e 40
Figure 13 DRQ2 CUITent STAte IMAD ......ccveiuiiiiiiieieiie ettt 41
Figure 14 KPI Rankings by The INtEIVIEWEES ..........ccueiveiuiiiiiieie e 60
Figure 15 Graphs Showing Weighted Score on Each KPI...........ccooiiiiiince, 64
Figure 16 Combined Score of Current State, Simplified Flow, and Flexible Flow................. 65



List of Tables

Table 1 Summary of SKF Key Figures. (SKF, 2022; SKF, 2023) ......ccccoiveieiiieiieieneeseeeenes 3
Table 2 Description 0f SCENANO KPIS.........coiiiiiiiieece e 8
Table 3 Roles of the Eight INTEIVIEWEES ..........coveieiieie et 12
Table 4 Explanation of Strategies Used to Counteract the Bull-Whip Effect (Lee et al., 1997)
.................................................................................................................................................. 24
Table 5 Eight Wastes (Eaton, 2013; Liker and Meier 2006) ..........ccoceverenieerierieseeneenieseeneeas 27
Table 6 Eight VSM Questions (Rother & Shook, 2004)............cccvieiviieiieieeece e 29
Table 7 Results from the RANKINGS .........coiiiiiiie e 60
Table 8 Definition of EaCh KPI LEVEL .......cccooiiiiiiiii e 61
Table 9 Final ReSUIt OF MCDA ...ttt nne s 64



1. Introduction

The purpose of this chapter is to provide the reader with a brief introduction to the project's
background, which will help to better understand its objectives and research questions. The
chapter will touch on relevant topics before briefly presenting SKF and the company's current
project related to the study area. Finally, the problem statement and research questions will be
presented.

1.1 Industrial Manufacturing Market

In the dynamic and ever-evolving world of industrial manufacturing, companies are continually
challenged to adapt and innovate to maintain their competitive edge. With customer
requirements evolving rapidly, manufacturers face the challenge of decreasing production
expenses, shortening product delivery timelines, and upholding consistent quality. To address
these challenges, one strategy for manufacturers is to refine or advance their production systems
to increase the operational effectiveness of their manufacturing activities (Bellgran & Sé&fsten,
2010; Choudhari et al., 2010; Koren & Shpitalni, 2010). Hill (2009) further emphasizes the
necessity of a well-defined production strategy for effective management of the various
challenges encountered by the production function of a company. This strategy enables a
company to make operational and strategic decisions coherently that align with the corporate
strategy and the competitive priorities of the organization.

SKF, which stands as a global leader in the manufacturing of various types of bearings, is
reflecting these broader challenges and opportunities in the industry. With a significant
presence across over 130 countries (SKF, 2023), the company’s operations exemplify the
complexities and demands of sustaining a leading position in today's competitive landscape.
The company's factory in Gothenburg, specializing in the production of spherical roller
bearings (SRBs), represents a small part of these challenges. Producing a wide range of
bearings, from 180mm to 2.5 meters in diameter and a variation in weight between 5kg to
10,800kg, the facility's diverse output demands adaptability, efficiency, and precision—
qualities that are critical for maintaining SKF's competitive edge and market leadership.
Currently in the process of transforming its production strategy for the rollers, a crucial
component in the SRB. This strategy is still not defined and decided upon, but two
conceptualized production scenarios have been developed.

Slack and Lewis (2015) state that an organization's capabilities are integral to its strategy and
essential for maintaining its sustainability over time. Flexibility, considered one of these
capabilities, is closely linked to the production system (Bellgran & Séfsten, 2010). Flexibility
is defined as the capability to efficiently adapt and/or modify production processes to meet the
required changes. In the context of manufacturing, this often correlates with the capacity to
handle fluctuations in output quantities or a diverse range of product variants within a specified
volume. In addition, manufacturing systems could manage variations with flexibility, without
causing any interruptions in the production process (Manu et al., 2018). However, the types of
flexibility could be different depending on the context, and for each company, the necessity and
importance of a specific type of flexibility will vary depending on the company (Bellgran &
Séfsten, 2010).



SKF's consideration of the two different production scenarios exemplifies the practical
challenges and strategic decisions involved in achieving such operational adaptability. The
scenarios, aimed at either simplifying the production flow or introducing more flexibility
through varied processing routes, illustrate the decisions companies must make to align their
production systems with broader strategic objectives. This ambition not only highlights SKF's
commitment to maintaining its competitive edge through operational excellence but also serves
as a case study for the types of flexibility and strategic considerations emphasized by Bellgran
& Séfsten (2010).

According to Bellgran and S&fsten (2010), evaluation is an important part of the development
of a production system. However, it is implied that evaluation is often seen as a neglected
activity by manufacturing companies. The reason for this is, more often than not, the lack of
time and not knowing how to do it. In the context of evaluating alternative production systems,
it is considered important first to evaluate the existing systems and after that compare the
alternative systems against each other (Bellgran & Safsten, 2010). Carefully evaluating the
production systems is important since it affects the overall operational performance (Islam et
al., 2022). The implications of this decision extend beyond immediate operational concerns,
leading to broader aspects like material handling, safety stock management, and lot sizing —
elements fundamental to the smooth functioning of manufacturing processes (Islam et al.,
2022). The production system design has been emphasized for years to ensure performance
(Johannson & Johansson, 2006), where Slack et al., (1995) say that the design affects quality,
speed, dependability, flexibility, and cost. In addition, Bennett (1986) states:

“... while effective control is doubtless necessary, the way in which a production system is designed will enable or preclude
the possibility of achieving the best results. ”

In the case of SKF's strategic transformation of its roller production system, and in line with
what this master thesis will investigate, an evaluation of the two production scenarios is of high
importance, in assessing and shaping the future of manufacturing operations. It’s not only about
choosing between different levels of flexibility but also about understanding how these choices
align with the company’s production environment and the demands of a competitive market.
This thesis thus becomes an illustration of the necessity for evaluation in the design and
refinement of production systems, ensuring that the chosen strategy optimally supports the
operational requirements to meet the needs of the market.



1.2 SKF

SKEF stands as a well-known global company in the manufacturing sector, primarily focused on
the production of various types of bearings. Established in 1907 by Sven Wingquist in Sweden,
the company has expanded its operations to include 77 manufacturing facilities worldwide,
employing over 40,000 individuals. It holds a significant presence in the global market, serving
customers in more than 130 countries, and holds a leading position in several industries,
including industrial distribution, heavy industries, and the railway sector. In the year 2023, SKF
reported revenues of 103,881 million SEK and a net income of 6,777 million SEK. A summary
of these financial figures, along with a comparison of the previous year, is provided in Table 1
for reference.

Table 1 Summary of SKF Key Figures. (SKF, 2022; SKF, 2023)

SKF 2022 2023
Employees | > 42 000 people | > 40 000 people

Revenues | 96 933 MSEK | 103 881 MSEK

Net income | 4 855 MSEK 6 777 MSEK

The SKF corporate headquarters is located in Gothenburg, Sweden, employing approximately
1,000 individuals across the main office and production facilities within its area. Initially, the
factory specialized exclusively in the production of ball bearings, a focus that has since shifted
to solely manufacturing roller bearings. The Gothenburg facility boasts an annual output of
approximately 1.2 million bearings, encompassing a diverse range of up to 8,200 different
variants. This diverse range is segmented into three distinct manufacturing units: the R-, D-,
and E-factories, each dedicated to producing specific assortments of products within separate
buildings. The R-factory is tasked with the manufacturing of roller components essential for
bearings, which are then distributed to the D- and E-factories for assembly into complete
bearings (only larger bearings in the E-factory). Although all types of rollers for various
bearings are manufactured in the R-factory, those designated for the SRB represent the highest
volume of production.

1.2.1 SKFs Roller Manufacturing

As previously mentioned, the SKF factory in Gothenburg specializes in the production of roller
bearings, with SRB representing the primary output, accounting for over 80% of the annual
shipped tonnage!. From a financial perspective, SRBs contribute to roughly 70% of the
Gothenburg factory's total revenue.?

L (J. Schlager, personal communication, January 25, 2024)
2 (D. Ortega, personal communication, February 19, 2024)



SRBs are distinguished by their high load-bearing capacity and their ability to compensate for
some degree of misalignment, attributed to their design which accommodates both axial and
radial loads. An SRB is composed of various components which are ultimately assembled to
form the finished product. These components, as illustrated in Figure 1, include an inner ring,
a guide ring, a cage to secure and hold the rollers in place, the rollers themselves, and an outer
ring. For one bearing, the number of rollers included varies between 40-60 pcs. In the
performance of the complete bearing, each component carries equal significance. However,
from a financial perspective, the roller component accounts for approximately one-third of the
bearing's total manufacturing cost. This financial impact elevates its importance, therefore
being the reason why the production of this is still being made in-house. 2

Inner ring Guide ring Cages Rollers Outer ring

Figure 1 Components of an SRB (Internal Document)

The production of SRB necessitates the internal manufacturing of rollers, a process taking place
in the R- and D- factories. These facilities maintain a diverse possible production of
approximately 130 different roller dimensions.® The production of the rollers follows a make-
to-order (MTO) strategy since orders are being pulled from the system. However, due to various
reasons, a finished goods location exists, thereby making some rollers have a make-to-stock
(MTYS) strategy. The process initiates with the procurement of raw materials, specifically bars,
from external suppliers. Upon their arrival at the factory, they go through several process steps
including cutting the bars into rollers and pressing them for appropriate dimensions, followed
by a heat treatment operation, and finally, they go through the operations of grinding and honing
before being sent for assembly into a finished bearing. ?

The dimensions of rollers will vary depending on the size of the bearing that they will fit into,
and the tolerance level of a roller is of different matter depending on the company policy and
the quality wanted for the bearing.* SKF stands out from its competitors when looking at
quality, making this aspect of high importance to the company. This great effort to provide high
quality to its customers affects the manufacturing of the rollers, making the accepted tolerance
level very low and precise. This impacts the way the production system is set up and operated
to be able to meet this high demand for quality.

2 (D. Ortega, personal communication, February 19, 2024)
3 (J. Bengtsson, personal communication, January 30, 2024)
4 (D. Agnemar, personal communication, March 5, 2024)
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1.3 Problem Definition

The market for the finished SRBs is perceived as relatively stable, evidenced by historical data
and projected sales forecasts.* Possessing a quarter of the global market share, mentioned in
Astute Analytica (2023), and with an increase between 3-5 % during 2023 which is emphasized
in SKF (2023), SKF currently stands as one of the biggest within its sector, with a strategic
objective to maintain its leading position. To achieve this, SKF acknowledges the necessity of
enhancing its internal processes, particularly within its manufacturing facilities. This emphasis
on improvement is crucial as competitors are also committed to ongoing advancements in their
operations, underscoring the competitive landscape in which SKF operates (Slack et al., 2013).

The factories tasked with manufacturing the roller component for the SRBs, the R- and D-
factories, are in the middle of a transformative process. This process involves modifying the
way that rollers are currently being planned and processed in the production system, by moving
towards having either a higher or lower level of flexibility than today.

The production system itself comprises two distinct production flows, hereby referred to as
RRY4-5 and DRQ2, where the initial letter of each production flow designation signifies the
factory in which the flow is situated. One production flow consists of the same processing steps,
starting with the first process of a bar that is being cut and pressed into a roller. The roller is
then hardened in a heat treatment machine for the second process, and the final process is where
the rollers are grinded and honed in one of the seven machine groups, referred to as RR07-13.

The production flow of RRY4-5 incorporates two parallel production lines at the beginning of
the process. This setup is characterized by a less integrated flow among operations, relying on
manual transportation between the different processes in the production flow. Initially,
conveyor belts facilitate the movement between the cutting and pressing operations. After
pressing, the rollers are manually transported to the heat treatment operation. Once hardened,
the rollers require another manual transportation to reach the final stages of grinding and
honing. Additionally, there is a storage area where the rollers can be temporarily held before
proceeding to these final operations.

The production flow of DRQ2 features a conveyor belt that extends from the first process of
cutting and honing up to and including the heat treatment process. Once hardened, the rollers
are manually transported to the grinding and honing, also having the option for storage in
between at the same location as for RRY4-5.

The final process including grinding and honing, which is located in the R-factory, is a shared
process between RRY4-5 and DRQ2, meaning that the rollers are transported between the R-
and D- factory. Due to this process being a shared process, it is more complicated from a
planning- and material flow perspective.

3 (J. Bengtsson, personal communication, January 30, 2024)
4 (D. Agnemar, personal communication, March 5, 2024)



In the context of this transformative process, the company has developed two conceptualized
production scenarios where each of which offers a different degree of flexibility to the
production system. One production scenario, Simplified Flow, is centered around simplicity in
the sense that the material flow for rollers would pass through one production flow in one simple
path always using the same resources of operations. The second production scenario, Flexible
Flow, would instead be centered around a less simplistic system that offers flexibility where it
is possible to distribute the rollers between the production flows through different resources of
operations depending on each specific situation. Regarding the Flexible Flow, the word
“flexibility” is therefore associated with the ability to process rollers in different production
flows instead of just one specific flow every time.

Simplified flow, as seen in Figure 2, is built on the idea of having an easy-to-follow flow of
material through the production system. Looking at the production flow of RRY4-5, one
dimension span of rollers would always be taking the same route, starting with consistently
being processed in e.g., RRY4 for cutting and pressing before entering the heat treatment. After
heat treatment, the same rollers would always be processed in one of the grinding and honing
processes, e.g., RR0O7, and never in any of the others. Another dimension span would
consistently be processed in for example RRY5 and RRO8 instead, and so on. The same
philosophy goes for DRQ2, with the difference of only having one production line in the cutting
and pressing process.

RRO7

Dim. Span 1

RRO8

Dim. Span 2

RR09

Dim. Span 3

RR10

Dim. Span 4

RRI11

Dim. Span 5

RR12

Dim. Span 6

RR13

Dim_ Span 7

Heat

Treatment Grind/hone

Cut/Press

Figure 2 Simplified Flow Scenario



Flexible Flow, as seen in Figure 3, is instead built on the idea of a more flexible flow of
material in the production system, having the opportunity to utilize more resources for the
same dimensions of rollers. Instead of having a predetermined path for a specific dimension
span of rollers, the rollers can be processed and take a route in whichever process is available
at that specific time, making it possible to redirect them and move them between processes.
Looking at the heat treatment operation, the rollers can be processed in the first available
grinding and honing operation. A specific dimension of roller can one day be taking the route
from RRY4 to RR0O7, and another day from RRY5 to RR13, all depending on the first
available process. The same philosophy is also here applied to DRQ?2.

Heat

Treatment Grind/hone

Cut/Press

Figure 3 Flexible Flow Scenario

Understanding the current situation at SKF roller production is crucial as it provides a baseline
from which the proposed production scenarios can be assessed. A comprehensive analysis of
SKF's existing production environment, processes, and challenges ensures that the evaluation
of the new production scenarios takes SKF's environment into consideration.



When evaluating the two different production scenarios, four key performance indicators
(KPI) areas have been highlighted as important aspects for the comparison between the two
scenarios. These include availability, stock, ease of planning & execution, and capacity
utilization.® A description of the four KPIs is shown in Table 2.

Table 2 Description of Scenario KPIs

KPI Description
The number of orders of roller components that can fulfill the demand
Availability from the bearing assembly line (internal customer). 100% availability -
The needed amount of the correct type of rollers is always ready when
the assembly channel of the complete bearing needs them.
The number of rollers that sit in the inventory, the production, and the
Stock buffers in between the operations. Perfect stock level - no extra stock
in inventory, production, and buffers than is needed to meet the
availability goal.
Ease of The simplicity, efficiency, and effectiveness with V\{hiCh a productior_l
I system ca}n be planned, schedule:*d, and executed. Hl.gh ease of planning
execution & execution > Low effort required to plan production schedules and
implement these plans into actionable tasks.
Capacity Th_e extent an(_1 efficiencfy to \_/v_hich the production sy_stem's reso,urces are
utilization being used. High-capacity utilization - The production system’s
resources are being used to its full potential.

1.4 Purpose & Research Questions

The purpose of this master thesis is to identify the most suitable production system for SKF's
roller production. This entails an understanding of the current production system and a detailed
evaluation of the two distinct production scenarios conceptualized by SKF, intending to help
the company determine which production scenario aligns best with the production environment
of the company. The outcome is intended to contribute to SKFs strategic decision-making,
supporting that the production system will be longstanding.

To fulfill the purpose of this report and project, a primary and main research question (RQ) has
been formulated and is called RQ4. To answer this question, three subsidiary research questions
(RQs) have been developed.

5 (J. Schlager; J. Bengtsson, personal communication, January 25, 2024)




The first two questions have the purpose of investigating and describing the current situation at
SKF as well as identifying issues related to the situation. Understanding the current state of the
roller production is necessary as a starting point, as having background knowledge is much
needed before it is possible to analyze and evaluate the two proposed production scenarios. By
also identifying the issues related to it, it can later be analyzed what scenario could best manage
these issues.

RQ1: What does the current situation look like for roller manufacturing at SKF?
RQ2: What problem areas can be identified connected to the current situation?

With a comprehensive description of the current situation and issues related to it, an analysis
of the two scenarios can begin, where the main differences will be identified, leading to RQ3.

RQ3: What are the main differences between the two proposed production scenarios and how
do they manage the identified problem areas?

Once the main differences have been identified and analyzed to see what production scenario
best will mitigate them, it can be used as input in combination with an evaluation of the
production scenarios towards the KPIs, for answering the final research question, RQA4.

RQ4: Which of the two proposed production scenarios for SRB rollers is most suitable for SKF?
1.5 Scope & Delimitations

This study centers on the SKF roller production system and its production flows, with a focus
on the internal customers, namely the SRB assembly located in the D-factory. It is important to
note that this study does not account for external customers, and as a result, the data collection
is exclusively from internal customers, data such as demand on rollers, stock, and lead times.
Additionally, the aftermarket is not factored into this study, meaning that the processes
presented in the study are solely for the manufacturing of new products.



2. Methodology

This chapter outlines the methodology that has been implemented throughout the project. More
specifically, the research approach and its strategy are presented, along with the methods used
to collect the necessary data and analyze it. Finally, ethical considerations and the project
process are described.

2.1 Research Approach

There are various ways to conduct research depending on the existing knowledge, prediction,
and purpose. Bryman and Bell (2011) explain that the deductive theory approach is the most
used method for working with empirical and theoretical data in research.

The chosen approach for this thesis was the deductive approach, as it was determined to be the
most appropriate for the study. Theoretical data were collected from literature reviews from
various sources, including Google Scholar and Scopus. In addition, empirical data were
gathered through interviews, observations, and internal SKF documents, which were then
analyzed and compared with the findings uncovered through literature reviews.

2.2 Research Strategy

According to Blaxter et al. (2006), the methodology of research can be broadly categorized into
two distinct strategies: qualitative and quantitative. Typically, qualitative research is
characterized by its reliance on subjective data, while quantitative research is grounded in
objective data, primarily numerical and statistical in nature. Each type of data leads to different
results, making the choice of an appropriate research strategy crucial for achieving the intended
outcomes (Blaxter et al., 2006).

Blaxter et al. (2006) suggest that it is better to combine qualitative and quantitative methods
instead of using them separately. This is because the four primary data collection methods such
as documents, interviews, observations, and questionnaires can include both qualitative and
quantitative aspects.

This thesis utilized a combination of qualitative and quantitative approaches in data collection.
Qualitative data provided insights into the current situation at SKF, including the production
environment and potential areas for improvement. It was used to identify problem areas and
answer the research questions.

Quantitative data, on the other hand, was primarily collected for the current state map in the
Value Stream Mapping (VSM). This data was crucial to ensure the VSM's validity and assist
in understanding the current situation.

Furthermore, a Multi-Criteria Decision Analysis (MCDA) was conducted, based on the
qualitative data collected from the interviews, the analysis of the VSM, how the different
production scenarios tackle the identified problem areas as well as how they perform on each
KPI. Consequently, this enabled the formulation of a well-founded recommendation for SKF
on the most suitable production scenario for implementation in roller production, accompanied
by a rationale for this choice.
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2.3 Data Collection

The data collection of qualitative information mainly consisted of reading internal documents,
making observations, and conducting interviews with personnel from SKF. These are three of
the four main sources when collecting data, the last one is questionnaires which are not included
in this research (Blaxter et al., 2006). Before conducting the interviews, various project-related
documents were reviewed, this was deemed necessary to be able to get an initial understanding
of the project as well as conduct the interviews effectively.

To gather quantitative data for the VSM, raw data were sourced either from the SKFs system
or gemba walks.

2.3.1 Observations

In the context of lean, one main principle is “Go to the Gemba”, meaning “The Real Place”.
This means that to fully understand a situation, it is important to see it with your own eyes
(Liker and Meier, 2006). Therefore, the research was conducted at SKF to directly observe the
processes and the flow of materials. Furthermore, "gemba walks" were utilized as the primary
data collection method for the current state map in the VSM where this was feasible.

2.3.2 Interviews

Ryen (2004) highlights the effectiveness of qualitative interviews, for obtaining authentic and
insightful information. This approach was chosen for the study to gain a comprehensive
understanding and incorporate diverse viewpoints into the findings. Bryman (2012) mentions
different types of qualitative interviews, where semi-structured interviews are one of them. The
chosen methodology was the semi-structured interview, as Bryman (2012) suggests, offers
flexibility in responses, and increases the possibility of having more discussion around the
questions. Following Bosch et al. (2014), these interviews used a guide to balance structure and
spontaneity. The guide allowed for adaptability in questioning and exploration of emerging
topics, considering both the interviewer's and interviewee's interests and ensuring depth and
relevance in the conversations (Bosch et al., 2014).

The interviewees consisted of carefully selected SKF personnel, working in various roles but
all of them were relevant to roller manufacturing in some way. The respondents were selected
based on their expertise on the topic of the study and its research questions. The selection
process also considered the operational and strategic dimensions of their roles, ranging from
supply chain planners to those in strategic positions.

It was considered important to conduct interviews with personnel who have different roles as
this would mean getting a broader understanding and responses from the interviews and seeing
the different opinions based on the roles of the personnel. This means that the study utilized a
purposive sampling approach, as defined by Bell et al. (2019), where participants are selected
based on their relevance in answering the research questions. Moreover, to some extent, the
study also applied a snowball sampling approach. This approach involves participants
suggesting other individuals who are relevant for the research interviews (Bell et al., 2019). A
list of the roles of the interviewees is shown in Table 3 below.
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Table 3 Roles of the Eight Interviewees

Interviewee Roles

Process Owner

Process Development

Supply Chain Manager D-Factory

Business Development Rollers

Factory Supply Chain Manager

Supply Chain Planner

Supply Chain Planner

Production Manager

Before the interview, interviewees received background information about the project and the
interview questions, enabling them to prepare ahead and understand the topic of the interview.
It was considered important to provide enough background information to each interviewee to
be able to have discussions around the questions. Especially important for validity since each
interviewee was asked to rank the KPIs explained in Table 2.

All interviews were audio-recorded, enabling the authors to listen to the interview afterward,
allowing for a more comprehensive analysis of the interviewees' responses in the interview.
Moreover, it reduces the possibility of bias when analyzing the data, leading to improved
research quality and an increase in the readers' perception of the validity of the data collection
(Bell et al., 2019). There was no hesitancy towards the recording of the interviews from the
respondents. The interviewees are not mentioned by name in the report as this was the
agreement before conducting the interviews.

2.3.3 Literature Review

Conducting a literature review is a crucial step in the research process, as it provides the
foundational framework for validating research questions and structuring the research
methodology, as discussed by Bryman and Bell (2011). Reviewing relevant literature related to
the chosen subject is essential for constructing a rationale for the importance of the research
and its proposed direction (Bryman & Bell, 2011).

The literature review served as a basis to delve deeper and increase the understanding of the
research topic at hand, thus, the literature review was conducted in the early stages of the
project. The literature is gathered from Google Scholar, Scopus, and relevant course books. The
framework is mainly based on work from Bellgran and Safsten (2010), Rother and Shook
(2003), Liker (2004), and various works from Nigel Slack.
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2.3.4 Current State Map

The current state map was conducted at the factory level, taking a specific product family into
account, as suggested by Rother and Shook (2009). The reason why the current state map is
important is to visualize and provide a further understanding of the current production system.
The current state map data covers information about how materials and information move
(Rother & Shook, 2003).

The data collection for the current state map was conducted through the collection of qualitative
and quantitative data. Data was gathered through gemba walks, where the authors conducted
door-to-door walks to observe and measure the flow of material. The gemba walk data was
collected by utilizing a stopwatch as well as filling a datasheet with the collected data. The
authors followed the production flow and asked questions to the operators to gain their insights
and expertise. See Appendix A for a visualization of the datasheet.

However, it was not always possible to collect data from Gemba walks. Thus, when necessary,
complementary data was collected from the Enterprise Resource Planning (ERP) system and
machines-generated data from production. When collecting data from the ERP system, multiple
SKF employees were involved in the process of gathering the data. Their expertise and
knowledge of the system were utilized to ensure accurate and reliable data collection.

To gather data on the production planning process, the authors conducted interviews and
observations of a supply chain planner's production order planning. After collecting all the
necessary data, a current state map was drawn.

Rother and Shook (2003) mention the importance of conducting the VSM on products that
undergo similar manufacturing processes. Thus, the VSM was conducted based on all products
as they utilize the same type of resources when manufactured, meaning that all products are
grouped into a single product family. However, the rollers are manufactured in different flows
with different layouts, and not all flows are included in this study and project, which is why
two current state maps were drawn, for RRY4-5 and DRQ?2.

The VSM was initially created manually and then composed digitally. The symbols used in the
VSM are inspired by Rother and Shook (2003), but the software used in this study had
differences in the symbols to the one used in Rother and Shook's work (2003). Therefore, the
symbols used are explained and visualized in Appendix B.

After conducting and analyzing the current state map, the authors gained an understanding of
the current situation of the roller production system and aided in identifying problems. Usually,
the goal after conducting the current state map would be to compose a future state map (Rother
and Shook, 2003). However, in this case, it was not considered necessary as the purpose of the
VSM was to gain a better understanding of the current situation and to identify issues related
to it, rather than visualizing the future state of the two scenarios.
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2.3.5 Multi-Criteria Decision Analysis (MCDA)

The process of the MCDA was carried out using the qualitative data that was gathered through
interviews with the participants. As expressed by Belton and Stewart (2002), the essence of
MCDA lies in its ability to tackle challenges posed by conflicting criteria and stakeholder views
in complex decision scenarios. Thus, the interviewees were personnel from SKF with different
roles. The respondents were provided with a detailed explanation of the KPIs included in the
study, which are availability, stock, ease of planning & execution, and capacity utilization. They
were then asked to rank the KPIs based on the level of importance they held for the production
process. This provided the weights for each KPI.

To assess the impact of each scenario on the KPIs, a 3-point scale was utilized, as exemplified
by Ishizaka and Newmery (2013). The levels were classified into three categories: low,
medium, and high. Each category was clearly defined and assigned a corresponding quantitative
value: 1 for low, 2 for medium, and 3 for high.

Furthermore, the problem areas identified in Chapter 4 served as a basis for comparing the
effectiveness of the production scenarios in addressing these issues. This comparison facilitated
the assessment of each scenario's performance against each KPI, which was based on
observations, the identified problem areas from the interviews as well as the literature review.
Scores were assigned to each KPI based on the performance of the production scenarios.
Subsequently, the weighted scores for each KPI and production scenario were calculated by
multiplying the KPI's weight by the scenario’s score.

After conducting the MCDA, a result was drawn based on the scores attributed to each
production scenario. This process provided quantified results reflecting the performance of each
scenario, thereby facilitating the formulation of a recommendation for SKF.

2.4 Research Ethics

Bell et al. (2019) mention four ethical considerations that are relevant when conducting
business research. These considerations are informed consent, privacy, preventing deception,
and avoidance of harm.

Informed consent is essential as it ensures that participants in a study receive enough
information to decide on their participation. In this study, respondents were provided with
relevant information about the study before being given the choice of participating or not
participating. This ensured that all respondents voluntarily participated.

Privacy is crucial to protect the participants' privacy, and in this study, participants were given
the option not to answer questions or to withdraw their answers if the questions were perceived
as sensitive. The respondents’ names are also not included in the report, further protecting their
privacy.

To prevent deception, the aim and the nature of the research should be shared transparently

with the respondents and representatives from the case company. This was done in the study to
ensure that the research was represented for what it is.
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Researchers should also assess the possibility of harm to research participants and minimize
this risk. In the study, potential risks of harm to respondents were assessed and minimized by
again not including any names of the respondents in the report. A non-disclosure agreement
was also signed with SKF to prevent any confidential information from being exposed. Regular
meetings with representatives from SKF were held to further ensure this, as well as a final
review before handing in the report.

2.5 Project Process

Figure 4 is a visual summary of the project process outlined in seven steps. Each step represents
a critical milestone, and together, they form a strategic pathway intended to guide the project
to a successful outcome.

N
Define problem

1 * Purpose and research questions

\

2 Create the literature review
* Based on previous studies around production systems

\

3 Gather data and conducta current state map
* Interviews, observations, and VSM

\

4 Identify problem areas

* From interviews, observations and current state maps
I

Define the main differences of the scenarios
5 * Analyze based on the literature review and problem areas

/
6 Conduct MCDA

* Define weights and calculate the score for each scenario

/

7 Define the most suitable production system for SKF

* Make recommendations based on the results
7’

Figure 4 Seven Steps of the Project Process
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3. Literature Review

In this section, a literature review guiding this thesis is outlined. It details the fundamental
theories and concepts that inform the approach to the research questions. It plays a crucial
role in shaping the analysis and interpretation of the findings. It includes an exploration of how
concepts like volume and variety, production layouts, and push and pull systems influence when
choosing the right production system. It also includes other areas of importance to a production
system and strategy, e.g. constraints and various views on efficiency. Finally, theoretical
explanations of VSM and how MCDA can aid in decision-making and evaluation are presented.

3.1 Production System

This chapter delves into factors influencing the selection of a production system. It offers an
examination of various perspectives including volume and variety, layout and flow, and the
approaches of push versus pull systems. Each section integrates theoretical insights with
practical implications to guide the configuration of manufacturing processes.

3.1.1 Volume and Variety

Slack et al. (2013) present the impact of volume and variety in the design and management of
manufacturing processes, where acknowledging the significance of both volume and variety is
seen as crucial. The authors further explain the term "volume" describes the number of products
manufactured, whereas "variety" refers to the range of product types or variants produced.
Typically, these dimensions share an inverse correlation, suggesting that an increase in volume
often leads to a decrease in variety, and vice versa (Slack et al., 2013). High-volume
manufacturing processes emphasize efficiency and standardization, with the goal of producing
large quantities of identical or similar items. Conversely, low-volume manufacturing processes
are designed to support a wider array of products, prioritizing customization, and adaptability
to fulfill varied customer needs (Slack et al., 2013).

Furthermore, the product-process matrix, presented by Slack et al. (2013) and shown in Figure
5, visually shows the volume-variety complexities, where the natural diagonal in the matrix
highlights where the processes of companies should be positioned. When an organization's
position is on this diagonal, it indicates a match where the manufacturing process is perfectly
suited to the type of product being made. This alignment is crucial for efficiency, cost-
effectiveness, and competitiveness. Companies to the right of the natural diagonal face excess
capacity and higher costs, while those to the left struggle with capacity constraints and meeting
demand (Slack et al., 2013).
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- High cost

Figure 5 The Product-Process Matrix (Slack et al., 2013)

Slack et al. (2013) highlight that understanding the volume-variety relationship is essential for
manufacturers to make strategic decisions about process design, resource allocation, and
operational efficiency, aligning their production capabilities with market demands and business
objectives. Whether a company opts for mass production with high volume and low variety or
custom manufacturing with low volume and high variety depends on its competitive strategy
and target market (Slack et al., 2013). Deif and EIMaraghy (2017) also highlight the area of
strategic volume-variety management and the cruciality of operational efficiency and aligning
production capabilities with market demands.

3.1.2 Layout and Flow

In the manufacturing industry, efficient operations are necessary for success (Slack et al,
(2013). One critical aspect of optimizing manufacturing operations is the physical arrangement
of resources, known as layout and flow. Proper layout and flow include the organization of
facilities, machinery, equipment, and personnel to ensure maximum efficiency and productivity
(Slack et al., 2013).

In a manufacturing setting, the layout and flow determine how materials, components, and
finished products move through the production process. Optimizing these aspects can reduce
the lead time, minimize material handling, and reduce waste (Slack et al., 2013). This aligns
with Tomkins (1996), who emphasizes that it is crucial for the production layout to align with
the organization's strategic visions, as this alignment enhances operational efficiency and
supports the achievement of organizational goals.

The significance of flow to an operation depends, from the perspective of Slack et al. (2013),
highly on its volume and variety. For example, when volume is very low and variety is high,
flow will not be a major issue and the resources should be arranged so that irregular flow can
be taken care of. On the contrary, when the volume is high and you have a lower variety, flow
can become an issue, so the resources need to be arranged to cope with this regular and smooth
flow (Slack et al., 2013).
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There are four principal types of layouts in a manufacturing environment; fixed-position layout,
functional layout, cell layout, and line (product) layout (Slack & Brandon-Jones, 2019). A
description of each layout principle is presented below.

Fixed position: Slack and Brandon-Jones (2019) mention that this production setup is organized
so that tasks and operations are executed in a singular location, with the product remaining
stationary. In contrast, resources (such as personnel, materials, and machinery) are mobilized
towards the product. This layout model is generally favored for extensive projects produced in
limited or singular quantities, and the reason behind adopting a fixed position layout often
comes from the product's excessive size or fragility, making it impractical to transport (Slack
& Brandon-Jones, 2019).

Functional layout: A functional layout arranges together resources and functions that are
similar to each other. This structure is commonly seen in manufacturing environments where
large numbers of a diverse range of products are produced in small quantities (Zandin, 2001).
Such a layout facilitates according to Slack and Brandon-Jones (2019) the straightforward
supervision of equipment and facilities. It also has the potential to achieve optimal resource
utilization (Bellgran & Séafsten, 2010). Additionally, it enhances flexibility in product mix and
adaptation while maintaining resilience against operational disruptions. Nonetheless, the
complexity of flow patterns in a functional layout is notable, as products may follow varied
paths based on the specific operations required (Slack & Brandon-Jones, 2019). Due to the
irregular and unique flow patterns throughout the factory, detailed planning and control are
necessary for the functional layout (Zandin, 2001). This complexity often leads to extended
lead times and complicates production planning, resulting in delays and queues for
transportation across different groups of machines (Bellgran & Safsten, 2010). Moreover, setup
and WIP tend to be high as well as actual machining time constitutes only a small percentage
of the actual lead time in the system (Zandin, 2001). Slack and Brandon-Jones (2019) further
highlight that a functional layout could lead to high WIP or customer queuing.

Cell layout: Resources required for processing the same product families or components are
allocated within specific cells. Each cell may then organize its resources following either a line
layout or a functional layout. This variant of layout can offer an advantageous balance of cost-
efficiency and flexibility within environments characterized by a considerable variety of
products (Slack & Brandon-Jones, 2019). Compared to the functional layout, a cell layout
shows a greater orientation towards streamlined workflows, thereby reducing the complexity
typically associated with functional layouts (Slack et al., 2007). Additionally, it facilitates
shorter throughput times and diminishes the number of planning points required relative to
functional layouts (Bellgran & Sé&fsten, 2010). It also reduces the requirements for material
handling, inventory levels, and spatial needs (Zandin, 2001). However, potential disadvantages
include the significant costs associated with modifying the existing layout when changing to a
cell layout, the necessity for additional equipment, and a reduction in overall facility utilization
(Slack & Brandon-Jones, 2019).
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Line layout: Also known as a product layout and organizes resources in alignment with the
production process of the product. The production path for each product is fixed and follows a
specific sequence. This layout is typically found and used in the mass production of
standardized items (Slack & Brandon-Jones, 2019). It facilitates streamlined control over the
production flow, leading to reduced costs per unit when operating at high production volumes.
Nevertheless, this layout is characterized by limited flexibility and a high vulnerability to
disruptions. Additionally, it may encounter challenges associated with the monotony of highly
repetitive tasks (Slack & Brandon-Jones, 2019). Liker (2004) states, however, that its flexibility
does not have to be worse; on the contrary, in a line layout, it is possible to achieve what the
author describes as “real flexibility”, the ability to quickly respond to demand and to what the
customer wants. By minimizing the lead time in a line layout, this real flexibility will be
achieved (Liker, 2004). According to Liker and Meier (2006), the implementation of a
continuous flow production system, that links process steps physically, can eliminate the need
for inventory. Furthermore, it is a proven method for reducing stock levels in the production
system (Liker & Meier, 2006). However, this requires a reduction of batch sizes as a necessary
step toward achieving continuous flow (Liker & Meier, 2006)

These four different types of layouts do usually not operate in isolation. It is more typical to
integrate various elements from more than one layout type, making it into a hybrid layout
variant, or to implement different layout types across distinct segments of the production
process (Slack & Brandon-Jones, 2019).

3.1.3 Push versus Pull Systems

The main difference between push and pull systems is where the motivation for the work
process comes from (Jonsson & Mattsson, 2009). In push systems, outside factors decide when
work should be done, while in pull systems, information from within the system itself guides
when the work activities start. Push systems plan work based on what people outside the system
want, but pull systems look at what's happening inside the system right now to make decisions
(Khojasteh, 2016).

According to Jonsson and Mattsson (2009), materials planning is considered pull-oriented when
the initiation and authorization for production and material movement come from the end user.
Conversely, it is deemed push-oriented when these activities are not authorized by the end user
but are instead started by a centralized planning authority Jonsson & Mattsson, 2009). In push
systems, activities are scheduled by a central system and completed according to central
instructions, often leading to idle time, inventory, and queues due to mismatches between
production stages (Slack et al., 2013). This leads to push systems regularly adding raw materials
to the production flows, while pull systems only process parts when there's a real need for them.
Hopp and Spearman (2008) point out that push systems follow a set schedule, but pull systems
rely on the current situation in the factory to decide what to do.

Pull systems control how raw materials and parts enter production, which naturally keeps the
amount of inventory from getting too high (Khojasteh, 2016). Cards or signals can be used to
communicate when parts can be added. This means that there is a set limit on how much Work-
In-Process (WIP) there can be. Push systems, on the other hand, don't have this kind of control
because they work according to a fixed schedule (Khojasteh, 2016). In pull systems, the
‘customer' workstation sets the pace and specification of work, pulling from the preceding
workstation only as needed, effectively reducing inventory build-up (Slack et al., 2013).
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The choice between using push or pull depends on what the product is and how customers place
orders. For example, car companies often use pull systems because they let customers pick
different features. But push systems are better for making lots of standard products, like TVs
or pens, where manufacturing orders are based on forecasting what people want in the future.
These systems create detailed production plans and lists of what materials are needed based on
these forecasts (Khojasteh, 2016). If the firm is manufacturing large quantities of standard
products, they would usually go for Make-To-Stock (MTS), rate-based, and push systems
(Olhager & Rudberg, 2002). On the contrary, firms having low volume with a high variety of
products would typically go for a Make-To-Order (MTO) setup, using pull in the production
system.

3.2 Manufacturing Planning and Control

Manufacturing Planning and Control encompasses a wide range of activities within the logistics
field, as defined by Jonsson and Mattsson (2009). It includes the planning, development,
coordination, organization, management, and control of materials flows from the supply of raw
materials to the delivery to end users. In manufacturing, various levels of planning are involved,
with a common practice being “Manufacturing Resource Planning.”

Jonnson and Mattsson (2009) explain that Manufacturing Resource Planning is divided into
two main segments: materials and capacity. The materials segment encompasses activities from
production planning to procurement, while the capacity segment covers resource planning to
execution and control. The significance of each segment changes with the planning horizon;
materials planning holds greater importance in the short term, whereas capacity planning takes
priority in the long-term context (Jonsson & Mattsson, 2009).

Furthermore, central to materials planning, according to Jonsson and Mattsson (2009), is the
objective to match supply with demand in a cost-effective manner. Large differences between
supply and demand can lead to either excess stocks or material shortages. This balancing
involves two key dimensions: quantity (providing the accurate amounts demanded) and time
(ensuring materials are supplied when needed). Aligning the quantity of supply with demand
tends to be easier than mastering the timing of supply. Supplying materials too early can lead
to unneeded capital being tied up, whereas delayed supply can cause shortages (Jonsson &
Mattsson, 2009).

To help with planning and controlling operations, enterprise resource planning (ERP) systems
are used (Slack & Lewis, 2015). The authors explain that ERP does not only contain
information on the operations function but also almost every function within an organization.
Furthermore, all relevant information throughout the organization could be brought together
using the ERP system (Slack & Lewis, 2015). The authors further highlight that when the
information is brought together, the system can inform planning and control decisions e.g. when
certain activities should take place as well as where and who should be doing it. The system
also provides information on what capacity is needed and so on. A well-integrated ERP system
can help with decision-making throughout the planning and operation control operation and
reduce the need for manual tasks outside of the system (Slack & Lewis, 2015).
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3.2.1 Materials Planning Methods

As for materials planning, it includes a variety of methods, according to Jonsson and Mattsson
(2009), where each is designed to determine the optimal timing for initiating orders and
scheduling deliveries. These methodologies are adapted to suit either push or pull operational
environments. In push environments, Materials Requirements Planning (MRP) is commonly
used, guiding production, and purchasing decisions based on forecasted demand. In contrast,
pull environments typically rely on re-order point systems, such as the two-bin system or
kanban, which trigger replenishment based on actual consumption or demand (Lumsden, 2007;
Jonsson & Mattsson, 2009).

MRP is a method for managing production and inventory. Ptak and Smith (2011) define MRP
as a comprehensive system designed to address key operational questions: what items need to
be produced or purchased, in what quantities, and when they should be delivered. The authors
further highlight that MRP systems leverage current inventory levels to calculate necessary
material amounts and their required timing. This methodology proves particularly beneficial
for items characterized by dependent demand or for components that are needed irregularly but
in significant volumes (Ptak & Smith, 2011; Axsater, 1991). According to Jonsson and
Mattsson (2009), implementing MRP requires production software that has a forward-thinking
time horizon, detailed demand data for every component, thorough documentation of sub-
components, up-to-date information on inventory quantities, pending orders, and backlogs, and
precise lead times for each inventory item. (Jonsson & Mattson, 2009).

Jonsson and Mattsson (2009) further mention that a re-order point method triggers a new order
once inventory levels hit a predefined threshold. This approach aims to ensure sufficient stock
is available to meet demand throughout the lead time, including an additional safety stock to
mitigate uncertainties. The method's straightforward nature and reliance on historical data for
establishing re-order points make it particularly effective for managing items characterized by
short lead times and consistent demand patterns (Lumsden, 2007; Jonsson and Mattsson, 2009).

Whereas in pull systems, mentioned by Liker and Meier (2006), kanban functions as a
communication mechanism to regulate inventory by indicating when materials need to be
replenished. The specific form of kanban employed can vary, tailored to the unique
requirements of the operational context, with the goal of optimizing inventory control and the
efficiency of replenishment processes (Liker and Meier, 2006).

In contrast to Kanban, Jonsson and Mattsson (2009) explain the two-bin system as being a
physical application of the re-order point principle, utilizing two bins of varying sizes. Materials
are drawn from the larger bin until it is empty, at which point a reorder is initiated.
Subsequently, materials are used from the smaller bin, which contains a quantity sufficient to
satisfy demand during the lead time, in addition to a safety stock, until the replenished materials
arrive (Jonsson and Mattsson, 2009). This approach is especially effective for managing items
with predictable demand and lower priority, often referred to as class C products within the
ABC classification system (Stevenson, 2005).
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3.3 Theory of Constraints

Effective planning necessitates a careful balance between the delivery requirements and the
production capabilities, including available inventory (Jonsson & Mattsson, 2009). This
balance highlights the necessity to acknowledge the constraints inherent in the production
system. Jonsson and Mattsson (2009) identify manufacturing capacity as the foremost
constraint that must be addressed. However, they also emphasize the importance of considering
other factors such as storage space, transportation resources, and the capacity of suppliers.

The Theory of Constraints (TOC) is a prominent methodology that addresses capacity
constraints within material flow planning (Jonsson & Mattsson, 2009). This approach focuses
on identifying and maximizing the use of bottlenecks within the production system, thereby
aligning the entire system's operations with these constraints. Over time, this method has been
refined to adopt a broader constraint-based perspective, moving beyond only focusing on
bottlenecks (Jonsson & Mattsson, 2009).

According to Jonsson and Mattsson (2009), a constraint is characterized as any factor that
negatively impacts and restricts the efficiency of a system, whereas a bottleneck refers to a
stage in a process, such as a production line, where the capacity is less than the capacities of
preceding and subsequent stages, resulting in a reduction in overall lead time.

The “drum-buffer-rope” is a concept first presented by Goldratt & Cox (1992), which is an
operational technique within TOC that serves as a management tool for handling production
rates and bottlenecks. The drum sets the pace for production and determines the maximum
speed at which the production system can produce, which is based on the capacity of the
bottleneck. The rope ensures that other parts of the process are synchronized with the drum so
that the production is balanced and efficient. The buffer is a strategically placed location before
the bottleneck to prevent any disruption in its operation (Goldratt & Cox, 1992).

The throughput of a production process is determined by its slowest step, the bottleneck, which
sets the maximum production pace during a specific time (Li et al., 2009). It is therefore
important to integrate push and pull systems at the bottleneck, ensuring it is always operating.
According to Olhager and Ostlund (1990), this necessitates a strategy where operations leading
up to the bottleneck are driven by a push approach, ensuring the bottleneck is always supplied
with work. Conversely, operations downstream of the bottleneck should adopt a pull strategy,
drawing work through the system as needed based on demand.

According to Jonsson and Mattson (2009), the core principle of TOC is the recognition that all
systems are subject to constraints. This recognition not only highlights the inevitability of
constraints within any system but also identifies them as opportunities for ongoing
improvement. As Jonsson and Mattsson (2009) elaborate, the identification of constraints
within a system is crucial for aligning production and material flow with customer demands.
Achieving this alignment requires a structured approach, for which Jonsson and Mattsson
(2009) propose five essential steps:

Identify the constraint.
Exploit the constraint.
Subordinate everything else.
Evaluate the constraint.

Go back to the first step.

agrwpnPE

22



3.4 The Bull-Whip Effect

The bull-whip effect is a common problem in the supply chains of companies. It is defined by
Singh (2018) as a phenomenon where fluctuations and inefficient asset allocation happen due
to changes in demand in the supply chain. Companies attempt to forecast demand by collecting
a large amount of resources and raw materials to meet customer requirements (Preston, 2022).
However, when moving up the supply chain, variations tend to increase, leading to issues such
as time, cost, and inventory management (Preston, 2022). According to Jonsson and Mattsson
(2009), variations in demand tend to double for each step in the supply chain. Customer demand
distortions on the entire supply chain are visualized in Figure 6 below.

Supplier

Warehouse

Retailer
Customer

Figure 6 Illustration of the Bull-Whip Effect (Preston, 2022)

Slack et al., (2013) say that one of the common reasons causing the bull-whip effect is
miscommunication in the supply chain. Jonsson and Mattsson (2009) summarize the main
reasons for the bull-whip effect as well:

Large order quantities

Few large customers

Planning and control are not aligned

Price fluctuations along with promotions

Lack of communication and information sharing

The bull-whip effect can cause companies to experience either a shortage or surplus of
inventory, both of which can have unfavorable consequences (Preston, 2022). The authors
further mention that a shortage of inventory can result in poor customer relations due to lower
order fulfillment, while a surplus can tie up capital and lead to wastage.

23



Different strategies can be used to counteract the causes of the bull-whip effect. Lee et al. (1997)
categorize these strategies as information sharing, channel alignment, and operational
efficiency. See Table 4 for an explanation of the respective strategy.

Table 4 Explanation of Strategies Used to Counteract the Bull-Whip Effect (Lee et al., 1997)

Strategy Explanation
Timely transmission of information from a
Information Sharing downstream site to an upstream site is important

to meet demand requirements.

Managing the pricing, transportation, inventory
Channel alignment planning, and ownership across various sites in
the supply chain to ensure smooth coordination.
Ways to enhance the performance such as
minimizing costs and lead time.

Operational efficiency

3.5Flow- versus Resource Efficiency

Modig and Ahlstrém (2012) define flow efficiency as the focus on the movement of a product
through a system and the addition of value to the product via various activities. Flow refers to
the transition between activities, aiming for each transfer to reach its intended recipient
accurately, in the right measure, and at the right time (Bellgran & Safsten, 2010). Enhancing
flow efficiency through the elimination of activities that do not add value results in a reduction
of costs (Rahani & Al-Ashraf, 2012).

On the contrary, Modig and Ahlstrém (2012) define resource efficiency as having a focus on
utilizing the resources to achieve the highest possible output. This approach is based on the
principle of getting the most out of the available resources, treating elements of the production
system as assets that need to be fully utilized. This perspective is according to Modig and
Ahlstrom (2012) common in traditional production environments where maximizing output and
reducing costs are key priorities. However, the authors are implying that this approach can lead
to inefficiencies such as high turnover and reduced innovation due to the high focus on
productivity at the expense of creativity and strategic thinking.

Achieving success in lean manufacturing, according to Modig and Ahlstrom (2012),
necessitates a comprehensive perspective that encompasses both the production resources and
the flow. Modig and Ahlstrém (2012) highlight that many organizations overly concentrate on
resource efficiency, frequently overlooking the significance of flow efficiency. To clarify and
underscore the importance of optimizing both resource and flow efficiencies, Modig and
Anlstrom (2012) introduced a matrix presented in Figure 7, which categorizes the various states
an organization may find itself in, based on the emphasis it places on resources and flow
efficiency.
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Low Wasteland Effictent
ocean
Flow
_ efficiency
Low High

Figure 7 Efficiency Matrix (Modig & Ahlstrém, 2012)

Modig and Ahlstrém (2012) categorize the different states as Wasteland, Efficient islands,
Efficient ocean, and the Ideal state. These states, as explained by Modig and Ahlstrém (2012),
are described below.

Efficient Islands

When there is high resource efficiency but low flow efficiency, this state is referred to as an
efficient island. In this state, an organization's processes operate in isolation, prioritizing
individual performance and the maximization of resource utilization within each distinct
process. While a focus on resource efficiency can lower the production costs of goods, it can
also lead to significant waste due to waiting times and increased inventory levels. This
inefficiency in flow can introduce hidden costs, offsetting the benefits gained from resource
optimization (Modig & Ahlstrém, 2012).

Efficient Oceans

On the contrary, when having high flow efficiency but low resource efficiency, this state is
called efficient oceans. Here, the organization doesn't view processes as separated, but rather
as components of an integrated system geared towards achieving efficient flows that pleases
customer needs. This approach prioritizes customer satisfaction, with resources being deployed
not for maximal efficiency but rather in response to customer demands. Resource overcapacity
is maintained in such systems, ensuring the organization's capability to always meet customer
requirements, even at the expense of not utilizing resources optimally (Modig & Ahlstrom,
2012).

25



Ideal State

The ideal state is attained when an organization simultaneously achieves high resource and flow
efficiency. Achieving this represents a challenging objective, primarily because every system
inherently contains variations that cannot be completely eliminated. These variations must be
carefully managed while striving to optimize both resource use and the smoothness of
operational flows. The complexity of reaching this ideal state lies in the need to address and
integrate these variations into a coherent strategy that enhances both efficiency dimensions
(Modig & Ahlstrom, 2012).

Wasteland

Wasteland is explained as a state where organizations should work to stay out (Modig &
Anhlstrom, 2012). Here, both resource and flow efficiency are low, entailing that an organization
is not performing well in any of the two. It reduces capacity utilization and leads to long lead
times with low customer satisfaction (Modig & Ahlstrém, 2012).

3.6 VValue Stream Mapping (VSM)

Lean manufacturing is characterized by its focus on enhancing value by eliminating waste, it
plays an essential role in reducing the time it takes to move products from production to the
market (Locher, 2008). Rother and Shook (2004) describe a value stream as every activity
required to convert raw materials into finished goods for the customer, including both value-
adding and non-value-adding activities. This approach requires the careful management of
intertwined flows of information and materials specific to a value stream (Rother & Shook,
2004).

VSM, originating from Toyota’s Production System, is a strategic tool designed to map and
enhance value streams (Liker and Meier, 2006). It provides a visualization of both material and
information flows as a product progresses through the production system, pinpointing potential
areas for improvement (Bellgran & Séfsten, 2010). VSM was developed as a method to describe
these flows, and it makes the current production processes transparent, aiding in the
identification and elimination of waste. This process paves the way for proposing an optimized
future state of operations. The methodology behind VSM analysis, as outlined by Rother and
Shook (2002), is seen in Figure 8, detailing the steps involved in conducting a VSM analysis.

Map of current state

Map of future state

Plan of action to
achieve the future state

Figure 8 Steps Involved in VSM Analysis (Rother & Shook 2002)
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3.6.1 Waste

In a VSM, waste identification is crucial and is categorized into two main types. The first type,
known as "necessary waste," includes activities that, although not value-adding, like training,
testing, and other essential tasks, are indispensable to the operation. While it would be
beneficial to eliminate these, it's not always practical. The second type encompasses eight
specific activities that directly fail to add value. Eaton (2013) and Liker and Meier (2006)
outline these eight distinct forms of waste, which are presented in Table 5.

Table 5 Eight Wastes (Eaton, 2013; Liker and Meier 2006)

Waste Description

Overproduction Items are produced in quantities larger than required or before
the customer's actual demand arises.

Waiting Workers are hindered from executing their duties due to
equipment failures, bottlenecks, and similar problems.

Defects Producing goods that contain flaws or defects.

Motion Operators’ actions that do not contribute value, including

searching for or retrieving tools.

Transport Moving work-in-progress (WIP) within a process or between
different processes.

Overprocessing Carrying out manufacturing processes beyond what the
customer requires, leads to a product quality that surpasses
necessary standards.

Inventory Extended lead times, outdated inventory, and increased
storage costs arise from excess work in progress (WIP) or
finished products.

Talent Not taking advantage of the creativity, ideas, and skills of
employees.

According to Taiichi Ohno, who is considered to be the father of the Toyota Production System,
overproduction is the primary source of waste because it leads to other types of waste (Liker &
Meier, 2006; Slack et al., 2013). When a company produces in advance or more than what their
customers demand in each process of the production system, it eventually results in having
excess inventory at some point in the later stages. The surplus materials remain unused and wait
to be processed in the next operation, leading to waste accumulation and an increase in costs
because of capital being tied to storage (Liker & Meier, 2006). The authors further mention that
it is possible to deliver high-quality products at a lower cost without having a large inventory
in the warehouse.

Potential reasons for overproduction may include producing according to oversized economic
batches, creating inventory to cope with defects, and machines operating too quickly (Chiarini,
2012). Ways to countermeasure the development of overproduction could be firstly to
manufacture according to the pace of takt time. Manufacturing according to the takt time means
to produce at a pace that aligns production with customer demand (Chen et al., 2019).
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According to Liker (2004), takt time is a concept mostly used within pull-based production
environments, where the demand is pulling the production, and when flow efficiency is
considered a problem. The same author is also saying that the main challenge when utilizing
takt time is to determine the customer demand, which in production environments with a variety
of products with varying demands is a hard task. Addressing this challenge involves
recognizing that takt time serves as a guideline, and understanding the implications of deviating
from this guideline on production, with the first point being that when demand is varying, the
cycle times for producing do not change if they are standardized, making the only way to deal
with it by increase or decrease production time (Liker, 2004).

Furthermore, reducing the amount of possible WIP in the production system is another way of
reducing overproduction according to Chahal and Narwal (2017). Hopp et al. (1990) explain
that reducing lead time can result in lowering the WIP, which leads to a reduction in
overproduction and excess inventory. Reducing lead time and WIP can be done by
implementing a pull system, such as kanban, which can show areas of overproduction and lack
of synchronization (Chahal & Narwal, 2017; Slack et al., 2013).

Liker and Meier (2006) describe transportation as a wasteful activity that is associated with
moving parts between processes. For instance, this may involve the transportation of WIP from
one location to another for processing purposes. Additionally, transportation may also entail
the movement of materials and finished goods in and out of inventories, as well as between
different processes (Liker & Meier, 2006).

According to Dennis (2007), this type of waste is closely linked to poor factory layout, large
machinery, or ordinary batch production. This creates a need for transporting the goods between
activities. Another factor that increases the need for transportation is excessive inventory which
causes a need to move products from one warehouse to another or move products from a
warehouse to a production process (Chiarini, 2012).

3.6.2 Current State

Rother and Shook (2004) advise initiating the mapping of the current state by identifying a
particular product family for analysis. The selection of the product family can be efficiently
conducted by grouping products that undergo similar manufacturing processes and utilize the
same equipment. Those that share common resources are classified as a single-product family.
Additionally, preference should be given to products exhibiting stable demand and
consumption patterns over the year for a more accurate and relevant analysis (Rother & Shook,
2004).

During the mapping process, according to Rother and Shook (2004), the individual(s)
responsible begin by walking the selected product's journey from the entrance to the exit of the
factory, known as gemba walks, gathering essential data from both material and informational
perspectives. The collected flow and information are subsequently drawn by hand, employing
commonly recognized symbols to highlight specific details. While these symbols may vary
between companies or VSMs, it's crucial to ensure that all participants understand the meaning
of each symbol used (Rother & Shook, 2004).

28



A diverse array of data can be collected while observing the flow of the selected product. To
streamline this process strategically, Rother and Shook (2004) advise preparing a guide in
advance, detailing the types of data to be gathered. This guide should then be employed
consistently across each process step of the current state. The compilation of this data and the
subsequent creation of the current state map establish a solid foundation for envisioning and
planning the future state (Rother & Shook, 2004).

3.6.3 Future State

After finishing the current situation map, it lays the foundation for building the future state map.
Rother and Shook (2004) assert that successfully creating this map requires answering eight
specific questions, as shown in Table 6 below.

Table 6 Eight VSM Questions (Rother & Shook, 2004)

Question Definition

Determine the takt time based on the working hours of processes
nearer to the customer.

Decide whether to use a finished goods supermarket for customer pull
or ship directly.

3. Identify opportunities for implementing continuous flow processing.
Determine where supermarket pull systems are required to manage

4 upstream production.
5. Choose a specific point in the production chain for scheduling.
6. Plan how to balance the production mix at the pacemaker process.
7 Define the consistent work increment for release and retrieval at the
' pacemaker process.
8 Identify necessary process improvements to achieve the flow outlined

in your future-state design.

These questions are crucial for identifying potential improvements in the existing workflow.
Bicheno et al. (2011) describe the analysis of the current state as a mechanism for generating
ideas intended to refine the value flow.

3.7 Evaluation of Production Systems

Evaluation of production systems is of high importance according to Bellgran and Safsten
(2010), either if it’s a system already employed or a future system that will be implemented. As
described by Groten and Gallego-Garcia (2021), the manufacturing processes are continuously
evolving, making the evaluation and improvement of production systems important, even
essential, to be able to adapt to market demand and new technologies in the market.
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3.7.1 Performance Objectives

Incorporating customer requirements into operational strategy decisions is essential for any
company (Slack & Lewis, 2015). Establishing objectives that not only align with operational
needs but also mirror customer expectations is critical for ensuring this alignment. The
framework of five generic performance objectives presented by Slack & Brandon-Jones (2019),
and further emphasized by Bellgran and Séfsten (2010), serves to connect customer needs with
business operations, providing a structured approach to achieving strategic alignment. The five
objectives are Quality, speed, dependability, flexibility, and cost.

According to Slack and Brandon-Jones (2019), the significance of the objectives varies across
businesses, and this depends on the individual operating environments of the company. For one
company focusing on providing rapid deliveries to its customers, priorities should be within the
speed objective, e.g. lead time, whereas for another company whose customers demand
customized products, the objective of flexibility would be of greater importance. It's crucial to
recognize that within a single company, the importance of these objectives may vary among
different product lines, illustrating the need for a tailored approach to align operational
strategies with specific market demands and internal capabilities (Slack & Brandon-Jones,
2019).

Slack and Brandon-Jones (2019) explain each performance objective as described below.

Quality is important in assessing customer perceptions of a product. Quality evaluation serves
as both an external measure of meeting market expectations and an internal one for process
improvement. Enhancing quality in production reduces costs by decreasing errors and rework,
thereby stabilizing processes, and allowing personnel to prioritize other things rather than
working on corrections (Slack & Brandon-Jones, 2019).

Speed is highlighted as crucial by Slack and Brandon-Jones (2019), for both private and
business customer viewpoints. It focuses on reducing lead times across all processes to enhance
efficiency. The emphasis on speed involves streamlining operations and making faster,
informed decisions. Slack and Brandon-Jones (2019) imply that increasing the speed may lower
the risks connected to planning. By shortening the time-to-market, uncertainties can be reduced.
According to Slack and Brandon-Jones (2019), one of the key reasons why speed is crucial in
reducing inventory levels is that materials spend a significant amount of time in stock while
navigating through the production system. This means that the longer it takes for products to
move through each process, the more time they will spend waiting, resulting in higher inventory
levels (Slack & Brandon-Jones, 2019).

Dependability helps evaluate and ensure, according to Slack and Brandon-Jones (2019), that
services, products, or operations are delivered within a specified time frame. Its absence can
deny the benefits of high speed and quality. For example, in a context where the customer has
high expectations and there is a delay happening, this could lead to increased operational costs
and impact speed by necessitating corrective actions. Dependable operations allow for a focus
on enhancing value-adding activities, thereby stabilizing operations, reducing costs, and
preserving speed and quality (Slack & Brandon-Jones, 2019). Furthermore, failing to meet
promised delivery dates can result in customers seeking out other companies to purchase from,
making dependability even more crucial to organizations (Slack & Lewis, 2015).
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Flexibility assesses a business's adaptability to changes in demand, including shifts in consumer
interests or the need to increase/decrease production, so-called volume-flexibility (Slack &
Brandon-Jones, 2019; Bellgran & Sé&fsten, 2010). Enhanced flexibility reduces response times
to changes, thereby improving operational efficiency and customer satisfaction by quickly
addressing shifts in demand (Slack & Brandon-Jones, 2019). Furthermore, Bellgran and Séafsten
(2010) imply that organizations can utilize flexibility to minimize sensitivity to disturbances,
and handle disturbances in the production system, enabling manufacturing to take place
elsewhere.

Cost, as the final performance objective, historically stands as the most commonly emphasized
and used objective. Although current market competition encompasses a broader range of
factors, cost efficiency continues to play a critical role by directly influencing the profit margins
of companies (Slack & Brandon-Jones, 2019).

Figure 9 shows a model called the sand-cone model, which, according to Slack and Lewis
(2015) and Bellgran and Séafsten (2010), describes that the performance objectives are
cumulative, meaning that they build on each other. The fundamental objective of quality,
followed by dependability and speed, needs to be met before it is possible to compete on cost
and flexibility (Slack & Lewis, 2015; Bellgran & S&fsten, 2010).

Flexibility
Cost

Speed
Dependability

Quality

Figure 9 Sand-Cone Model Based on Slack and Lewis (2015) and Bellgran and Séfsten (2010)

According to Dangayach and Deshmukh (2001), it is widely recognized that the focus of
operations strategies is on achieving competitive advantage through cost, quality,
dependability, and flexibility. These performance objectives should align with the company's
long-term strategic goals, whereas operational objectives focus on short-term targets and are
typically more quantifiable (Doran, 1981). Connecting to what Pozo et al., (2017) say, that
operations strategy is shifting from a market-based approach, which views operations as highly
adaptable systems aiming to meet market demands, to a resource-based vision. This newer
approach advocates for a focus on developing and utilizing a company's operational resources
to gain a competitive edge, suggesting that internal capabilities are crucial for achieving long-
term success. By using the performance objectives, the company could transform long-term
goals into short-term and operational objectives (Doran, 1981).
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3.7.2 MCDA

Gamper et al. (2006) and Linkov and Moberg (2012) express MCDA as a tool for managing
complex decision problems, aiming to identify the most optimal solution by considering the
interests and preferences of all stakeholders, alongside practical information. This approach
strives to achieve a consensual solution that aligns with the needs and expectations of everyone
involved in the decision-making process, thereby facilitating a more manageable decision-
making landscape by considering multiple criteria across all dimensions simultaneously
(Gamper et al., 2006; Linkov & Moberg, 2012).

Belton and Stewart (2002) and Baczkiewicz et al. (2021) explain that the process of MCDA
involves evaluating and ranking options based on these criteria, where importance is assigned
through systematic grading and weighting for each criterion. This allows for a comparative
analysis of the options to determine the most favorable outcomes. The essence of MCDA is its
ability to tackle challenges posed by conflicting criteria and stakeholder views in complex
decision scenarios. It assists decision-makers in organizing and synthesizing complex and
conflicting information, leading to decisions that minimize the potential for post-decision regret
by ensuring that all relevant factors have been considered (Belton & Stewart, 2002;
Baczkiewicz et al., 2021).
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4. Current Production System

This chapter provides answers for RQl and RQ2, starting with information about the
production environment that SKF is operating in for their SRB product. Following with the
current production- and information flow of SRB rollers, along with the current state map,
finishing with the identified problem areas. All information in this chapter is collected through
observations and interviews with different employees of the company and is analyzed based on
the literature review.

4.1 Production Environment

The manufacturing of rollers is significantly impacted by the production of SRB, and the rollers
stand for approximately one-third of the total cost of an SRB, making it one of the more crucial
components in the assembly of the complete bearing. A comprehensive understanding of the
production environment, encompassing both roller and SRB manufacturing, is vital for
grasping the broader market and operational context in which the company and its roller
production activities are situated. This includes the production strategy currently employed, the
distribution network and bearing assembly of the SRB, and the process of manufacturing
rollers. For the distribution network, different types of forecasts utilized in this context, the
sales- and shipping forecast, further described later in this section, will be elaborated. This must
also include considerations of the bullwhip effect, where forecast inaccuracies and variability
in demand lead to amplified fluctuations in upstream production activities (Singh, 2018;
Preston, 2022).

4.1.1 Production Strategy

SKF has used a production process called Channel Concept for several years. Channel Concept
was first introduced in the late 80s and is a manufacturing process that represents a significant
shift from process-oriented or functional layout to streamlined, flow-oriented, and lined-based
layout, expressions described in chapter 3.1.2. This approach aimed towards a change from a
push to a pull philosophy, intending to improve responsiveness to market demands. The goal
was to enhance customer service levels, simplify and make production flows more visible,
reduce lead times and inventory levels, minimize total costs, and establish a pull system within
the production framework (SKF Channel concept booklet, February 19, 2024).

However, according to an interviewee, this flow-oriented mindset is noticeably shifting towards
a production system focusing more on resource efficiency. After observations, it appears the
roller production setup utilizes both push and pull techniques, rather than a true pull system
which according to Hopp and Spearman (2004) is when the system only produces when there
is an actual need. Orders are pulled from the system, that has calculated the demand that is
necessary for an order, afterward this order can be changed and increased to a higher or lower
quantity, decided by a supply chain planner. According to Jonsson and Mattson (2009), a pull
system usually works with a re-order system of some kind, it can be a kanban card or a
calculated re-order point. Right now, the production orders are based on calculations from the
MRP system, which usually signifies a push system (Jonsson & Mattson, 2009).
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The manufacturing of SRB follows an MTS strategy. This strategy is primarily driven by
forecasts, reflecting a proactive approach to production planning where items are produced
based on anticipated demand. The volume produced is considered to be high, which aligns with
Olhager and Rudberg (2002) that when having large quantities of standard products, an MTS
strategy is preferred.

On the contrary, the manufacturing of rollers is viewed as having an MTO strategy, in line with
the above paragraph saying that orders are being pulled from the system, taking the demand
from the SRB and converting it to production orders for rollers. However, an MTO strategy is
according to Olhager and Rudberg (2002) often used when the production system is using a
pull method, which is not the case since the demand that comes from the SRB is changed,
thereby having a finished goods location where rollers are placed before sent to the bearing
assembly. This does in fact, in alignment with Olhager & Rudberg (2002). go more towards a
push system with a MTS strategy.

Furthermore, the production of rollers is considered to be of high volume, with a maximum
capacity of around 1,3 million per month. Variety on the other hand, which according to Slack
et al. (2013) refers to the range of product types or variants produced, is considered to be a bit
narrower with around 130 different roller variants, especially if compared to the SRB which
includes around 8200 variants.

4.1.2 Distribution Network of SRB

The distribution network for SRB extends from an on-site finished goods warehouse to the end
consumers. Intermediate nodes within this network include regional and local warehouses,
along with industrial distributors. Examining inventory levels across these nodes reveals that
the Gothenburg warehouse maintains approximately one month's worth of finished goods
inventory. Similarly, four regional warehouses hold 1.5 months' worth of stock, while all local
warehouses are stocked with about half a month's worth of goods. Industrial distributors, which
represent the company's largest customer base, and end consumers alike, typically keep around
one month's worth of inventory on hand. Such an inventory management strategy can be seen
as a way of buffering against demand variability, reflecting a typical response to mitigate the
impacts of the bullwhip effect (Preston, 2022).

For a more comprehensive understanding, this distribution network is illustrated in Figure 10
below. Overall, the downstream supply chain from SKF encompasses about five months' worth
of finished SRB inventory, with SKF warehouses accounting for three months of the total
amount.
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Figure 10 Distribution Network of SRB

Within the Gothenburg factory's planning framework, two distinct types of forecasts are
utilized: the sales forecast and the shipping forecast. The sales forecast projects the value of
goods expected to be invoiced from SKF warehouses to customers, providing insights into
anticipated customer demand. The shipping forecast shows expected shipments from the
Gothenburg factory, either to the regional or local warehouse or directly to customers, offering
a view into logistics and distribution requirements.

These forecasts play a critical role in the production planning for SRB and its roller components,
with a direct influence on manufacturing and supply chain operations. The sales forecast
primarily focuses on customer demand, showing market stability and consistent demand
patterns if looking historically.* However, it's noted that variability in demand tends to increase
upstream, indicating more clear fluctuations in production-related activities than what sales data
alone might suggest. This phenomenon of increased upstream variability is a direct
manifestation of the bullwhip effect, where demand increases for each step back in the supply
chain (Jonsson & Mattsson, 2009).

The shipping forecast, by incorporating regional and local warehouses into its analysis, reveals
even more variability, contributing further to the bullwhip effect (Jonsson & Mattsson, 2009).
This is particularly significant for roller production, which precedes SRB assembly, and thus
experiences greater variation, partly due to one bearing consisting of between 40-60 rollers.
Managing this variation requires increased effort in planning and logistics to ensure smooth
downstream operations.

Manufacturing often perceives high volatility in demand in business fluctuations since both real
customer consumption of bearings and changes in the stock value throughout the whole
distribution network are added together. Hence, when the market turns down, both stocks and
bearing consumption in the market are reduced.*
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However, the rollers are an internal supplier to the SRB, supplying the components based on
actual customer orders derived from the SRB production and not on forecasted demand, which,
according to Jonsson and Mattsson (2009), should not impact and contribute to an increase in
the bull-whip effect. The reason for seeing a greater variation in roller production is therefore
most likely due to a lack of communication and information sharing or having too large order
quantities produced, which are two of the main reasons for the bull-whip effect (Jonsson &
Mattson, 2009). For the roller production, batches of a minimum of 10,000 units are being
produced which can be considered as a high amount, only showcasing that this might well be
one of the reasons for the bullwhip effect happening in the supply chain.

Currently, the roller production serves four distinct bearing assembly channels, these assembly
channels are known as internal customers. A fifth assembly channel is currently under
construction, distinguished by the ability to assemble smaller batches of rollers, thereby
accommodating a higher flexibility and frequency. The key feature enabling this channel's
flexibility is the automated setup function of its machinery. This eliminates the need for manual
adjustments, thus facilitating the handling of various types of rollers and components without
significant effect on machine uptime.

4.1.3 Production Process of Rollers

The Gothenburg plant contains several manufacturing flows that produce rollers. Although each
flow follows a similar process, each differs in terms of material movement. Some production
flows share resources and move materials manually using forklifts, while others have
continuous flow using conveyor belts to move material and do not share resources and
machinery with other production flows.

The production of rollers begins with the procurement of raw materials, specifically bars, from
external suppliers. Upon arrival at the factory, the first operation (OP1) involves cutting bars to
the appropriate size which are then pressed (OP2) into the desired dimensions for the roller.
Afterward, the rollers undergo a heat treatment process to enhance their hardness and durability.
Following heat treatment, the rollers are grinded (OP3) and honed (OP4) to achieve precise
dimensions. Figure 11 provides a visual representation of the production process, showing
operation (OP) 1-4.

Other
components
External

OELS

: '
Bars Cut Press Grind Hone :

Heat Bearing
Treatment Assembly

Figure 11 Production Process of Rollers
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The rollers are measured in 1, where one p is equal to 0.001 millimeters. The tolerance level of
the rollers is indicated as (+) or (-) with a certain number, starting from 0 and going up/down
in both directions with a 3 p difference between them meaning that the bin indicated by a 0
includes dimensions from 0 to +3 W, and the bin indicated by a +3 includes dimensions from
+3 to +6 . For rollers in these production flows, the tolerance level goes from -6 to + 6.

SKF places great emphasis on the quality of its bearings, which is why the approved tolerance
level for a roller is very small. If rollers in one bearing would have had rollers from different
dimension spans i.e. bins, the quality of the roller would be lower, making it more prone to
breakage and less able to withstand loads. This high amount of importance placed on quality,
one of the five performance objectives presented by Slack and Brandon-Jones (2019), can be
seen as an alignment with what the authors are saying about putting different amounts of
emphasis on the objectives depending on the product line, thereby putting quality of the rollers
high up on this list. Having this high amount of emphasis on quality is also in line with the
sand-cone model presented by Slack and Lewis (2015) and Bellgran and Séfsten (2010), which
describes that the performance objectives are cumulative, meaning that they build on each other,
with quality acting as the foundation.

For this reason, before dispatching the rollers for assembly, they are carefully measured and
sorted into bins. The reason for doing this is to have the same dimension of rollers in one
bearing.

However, since quality as a performance objective serves according to Slack and Brandon-
Jones (2019) not only as an external measurement but an internal one as well, the small
dimension span of rollers can also be seen as a hindrance due to the fact that it is never possible
to know beforehand exactly how many rollers that will be placed in one or another bin, only
that it follows a normal distribution, risking having over- or understock depending on each
situation. This can be connected to another performance objective, dependability, where Slack
and Brandon-Jones (2019) say that the absence of it can influence operational costs and speed
in a negative way, as seen when the number of rollers in one dimension span might not be
sufficient to assemble a bearing, contributing to the need of producing more, thereby increasing
operational costs and decreasing the speed.

The finished rollers are transported to the D-factory within the SKF industrial area using SKF
internal trucks, using fossil-free fuel. Where full batches of rollers can be delivered in one truck.

As stated before, the production of rollers occurs in batches of generally over 10,000 units, as
producing batches lower than that amount is seen as expensive. However, it is not certain that
producing in smaller batches would lead to higher costs. The reason for this could be that
overproduction means higher costs and more waste in production. According to Liker and
Meier (2006), overproduction is the biggest cause of waste as it leads to other types of waste.
When overproduction happens, excess inventory builds up in later stages of production, and
these materials must wait until the next operation to be processed. This results in tied-up capital
in the system and increases the lead time of production (Liker & Meier, 2006).
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4.2 Current State Map

To accurately prepare the current state map, a comprehensive understanding of the shop floor
dynamics and the collection of relevant data from diverse sources were essential. The approach
to mapping the current state was based on the methodology recommended by Rother & Shook
(2003). However, data collection encountered challenges in specific areas, hence, gemba walks
were impractical and not possible at times. Therefore, data was alternatively obtained from SKF
systems. Due to the long lead times in production, all data could not be collected on the same
day. Additionally, valuable insights, particularly regarding information flows, were acquired
through discussions with SKF Supply Chain Planners. These conversations were important in
creating the current state map.

Two separate current state maps were developed for the RRY4-5 and DRQ2 production flows.
The primary objective of creating separate maps for each flow was to facilitate a detailed
analysis of the variations in material movement between them. For ease of reference and to
provide a clear visual representation, a flow chart including both RRY4-5 and DRQ?2 has been
included in Appendix C.

As both production flows handle in total around 130 different roller variants i.e. dimensions,
the most accurate way to capture the current situation was to take all of them into consideration,
meaning all inventory levels consist of all types moving through that specific flow. The reason
is that every roller is going through the same processes and is being processed by the same type
of resources, aligned with the principle presented by Rother and Shook (2004) that the products
that share resources are classified as a product family. However, because of considering all
types, some mean values needed to be calculated and used as well.

The calculation of existing takt time is given in equation 1 below, where the data was gathered
from the SKF database and by commonly agreeing with employees from the Supply Chain team
on how to calculate it accurately. Customer demand per day varied between the two flows,
therefore having two different takt times between the two current state maps. To determine the
available production time for each day, historical data from 2023 was utilized. The overall
available hours for the entire year were collected, and the mean value was calculated to estimate
the average daily production time. Choosing what customer demand data to use was a more
challenging task, because if looking historically, it was hard to separate the demand between
the two production flows, and when looking at a specific day, the demand was shifting a lot.
However, the chosen approach was therefore to use forecast data for the upcoming month to
calculate the mean value per day.

Available working time per day
Customer demand per day

TAKT timeExisting =
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After gathering relevant data for the takt time, it was calculated for both production flows as
shown in equations 2 and 3.

18.3h

TAKT timeRRy4_5 = m =~

(2)

] 18.3h
TAKT tlmeDRQZ = m ~ 8s (3)
The inventory levels shown in each VSM were captured through data extraction at a uniform
moment across all storage and buffer locations. Initially, an analysis was necessary to identify

and collect data on rollers passing through these distinct flows. Subsequently, the inventory at

each stage, ranging from unprocessed bars to finished rollers, was examined to determine the
duration each specific quantity remained at a location prior to its utilization. This analysis
facilitated the calculation of the Days of Inventory (DOI), employing the method outlined in
equation 4 below.

DOI = Inventory X TAKT time 4

Upon the collection and verification of the data, the assembly of the two VSMs for the
respective flows was completed. The VSM for RRY4-5 can be found in Figure 12 and for
DRQ?2 in Figure 13.
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4.2.1 Production Flow

Cut and Press

The process initiates when bars are delivered to the storage area of the R-factory. Subsequently,
these bars are moved to the section where cutting and pressing operations occur. The only
distinction between the production flows of RRY4-5 and DRQ?2 lies in the transportation
distance; for DRQ2, bars must be transported one kilometer from the R-factory to the D-factory.
Transport or movement is one of the eight sources of waste, meaning it is not seen as a value-
adding activity however necessary it may be. Thus, reducing the need for transporting material
between processes should be sought (Eaton, 2013; Liker & Meier, 2006). Additionally, this
non-value-adding activity has a direct negative impact on speed, one of the performance
objectives presented by Slack and Brandon-Jones (2019), contributing to longer lead time than
necessary.

Both RRY4-5 and DRQ2 are equipped with three cutting machines and a single press where a
conveyor belt connects the two operations. From a layout perspective only looking at these two
operations, and according to Slack and Branon-Jones (2019), DRQ?2 can be seen as a line layout
since the resources are in alignment with the production process of the product. For RRY4-5,
this setup is more in alignment with a cell layout since RRY4 and RRY5 are identical but
separate. Within each cell, a line layout is used, in accordance with Slack and Brandon-Jones
(2019) statement of having the possibility of having either a line layout or a functional layout
within each cell.

Slight variances in their performance were noted. RRY4-5 demonstrates the same cycle time
(C/T) for both cutting and pressing activities, attributed to the pressing machine's ability to align
with the cutting machine's speed, with the potential for increasing its speed even more.
Conversely, in DRQ2, the pressing machine's C/T is observed as longer compared to the cutting,
creating a bottleneck in the press if looking only at these two operations.

It is important to note that the three cutting machines are used to reduce the C/T during the
cutting operation. This results in a lower C/T, which means that the cutting process can have a
CIT as low as, or even lower than, the pressing machine. Additionally, it is worth noting that
these three cutting machines cannot be separated to work on different batches. This means that
all three machines will always work together to cut bars for the same batch, which is the same
for the cutting machines in RRY4-5 as well. One drawback of having a line layout is the lack
of flexibility that comes with it (Slack & Brandon-Jones, 2019). This appears to be the case for
both production flows due to the inability to separate cutting machines to work on different
batches.
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The total duration from when a roller is cut to when it is prepared for the heat treatment process,
referred to as process time (P/T) in the VSM, shows noticeable differences between the two
production flows, where the P/T in RRY4-5 is faster. Furthermore, RRY4-5 benefits from
quicker setup time (S/T) compared to DRQ2, which can be due to the utilization of newer
machinery and the lack of direct connection to the heat treatment operation. Having a quicker
S/T, will directly impact the flexibility of the production flow, another performance objective
presented by Slack and Brandon-Jones (2019), which can be seen as the ability to increase or
decrease production. In RRY4-5, since having two identical but separated flows with a faster
S/T and a disconnection to the heat treatment operation, flexibility is seen as higher than in
DRQ?2, having the possibility to faster change the type of roller being produced and address the
shifts in demand in a better way.

Heat Treatment

Following the initial stages, for RRY4-5, the rollers are moved to a buffer location using
forklifts, where they await entry into the heat treatment process, thereby resulting in a few days
of inventory. Conversely, in DRQ2, rollers are moved directly to the heat treatment area through
the conveyor belt system. Here, in terms of transportation seen as a waste, DRQ2 has an
advantage since it utilizes a conveyor belt. It diminishes the waste “Motion”, meaning it avoids
unnecessary movement by employees and makes transportation automatic (Liker & Meier,
2006). The line layout used in DRQ2 with the heat treatment included though comes with an
increased disadvantage regarding flexibility and higher vulnerability when disruptions occur
(Slack & Brandon-Jones, 2019).

The heat treatment furnace is a shared resource between RRY4 and RRY5. This means that
both of those flows can utilize the heat treatment. Due to the extended processing time required
for the heat treatment, it was deemed impractical to obtain the data through gemba walks. As a
result, data was instead gathered from the SKF ERP system.

There are differences in performance between the two flows, mainly due to DRQ2 handling
larger dimensions and smaller batches, alongside that the rollers arrive straight from the
previous operations. This means that the larger size of the rollers undergoing heat treatment
results in longer C/T for each roller. Additionally, the larger the size of the roller, the smaller
the batches must be since larger rollers make up more space in the furnace. The calculated batch
sizes shown in the VSMs were determined based on an average value extracted from the system.

Grind and Hone

After heat treatment, the rollers are moved to storage again, awaiting the final operations of
grinding and honing. In the case of DRQ?2, this entails transporting the rollers back to the R-
factory, where they are stored alongside rollers from RRY4-5. Here, again, this means more
waste in transportation and unnecessary movements between production processes (Liker &
Meier, 2006). Despite the shared storage facility for rollers from both flows, traceability
measures enable the identification of each roller's origin. This traceability facilitates the
differentiation in inventory levels and DOI between the two flows.
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Once requested, rollers enter the last process of grinding and honing which includes seven
similar production lines, which is a shared process between the two production flows. After
providing the finishing touches on the rollers, they are sent to a storage location where they will
await to be transported by truck to the D-factory and the internal customers of bearing assembly.

This is the last transportation step before moving into final assembly. As for the rollers
manufactured in DRQ2, this means that they have been moved three times between the two
factories, leading to a total movement of three kilometers, contributing again to a negative
impact on the performance objective of speed (Slack & Brandon-Jones, 2019). The same
authors are implying that by increasing the speed i.e. shortening the time-to-market,
uncertainties can be reduced and lower the risks connected to planning. Having this one-
kilometer transportation between the two facilities directly impacts the time-to-market and
planning perspective negatively, also contributing negatively to the ease of planning &
execution.

Continuing the layout perspective, the final operations and shared process of grinding and
honing can also be viewed in accordance with how Slack and Brandon-Jones (2019) define it
as a cellular layout, with seven processes acting as cells where each cell follows a line layout.
In conclusion, the two production flows follow not only one specific layout but two, which is
according to Slack and Brandon-Jones (2019) a common way of using them, making it into a
hybrid layout, trying to reach advantages from more than one layout type. When having a
considerable variety of products, the cell layout gives a balance between costs and flexibility,
and when looking at the line layout, it suits the manufacturing settings where mass production
is used to facilitate reduced cost per unit (Slack & Brandon-Jones, 2019).

Production Lead Time and Value-Added Time

As for the total production lead time, it resulted in about 50 days for RRY4-5 and 24 days for
DRQ2, calculated by adding the DOI with the P/T for every process. The total value-added time
for the respective production flow is calculated by adding all the value-added time in the
respective operation. For the first process, it is retrieved by adding the C/T in all three cutting
machines with the C/T in the press. For heat treatment, the C/T is multiplied by the batch size.
Lastly, for grinding and honing, the value-added time is calculated by adding the C/T for both
grinding and honing. The result lands at around 2870 seconds (48 min) of value-added time for
RRY4-5 and 2321 seconds (39 min) for DRQ?2.

The target lead time for the rollers in both the RRY4-5 and DRQ2 is 35 days. This means that
the RRY4-5 flow is 15 days late. The reason for this could be the overproduction of rollers
since the VSM shows a large quantity of rollers in storage. As mentioned earlier,
overproduction leads to more types of waste in the system, which affects the production lead
time (Liker & Meier, 2006; Slack et al., 2013).
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4.2.2 Information Flow

Regarding the information flow, both RRY4-5 and DRQ2 remain the same. The internal
customers of bearing assembly have access to forecasts of their expected demand up to 1,5
years in advance. However, the supplier, i.e., roller production, only receives actual orders
about a month prior to the delivery. Internal customers place monthly orders in their ERP
system, and the system conducts MRP to calculate production orders. After this, supply chain
planners review the orders, analyze the available stock, and identify any potential changes that
need to be made. They then send the orders to external suppliers for raw materials i.e. bars.
Only one supplier exists that supplies these production flows with bars.

As seen in the current state maps, production orders are initiated for each process a few days
ahead of the actual production. After a process is completed, the planner generates an order for
the next process, usually 2 to 3 days before production occurs. However, it was mentioned that
there are cases where orders are made for both cutting/pressing and heat treatment
simultaneously. The reason is that the production manager for heat treatment prefers to receive
orders earlier so that they can plan production in advance.

Furthermore, within the roller production process, responsibilities for supply chain planning are
not centralized under a single individual from start to finish. Specifically, in the RRY4-5
context, planning duties are divided among multiple planners: one is responsible for overseeing
the cutting/pressing and heat treatment processes, while another planner focuses on the
grinding/honing. Effective communication between the supply chain planners and the
production manager is essential to ensure the timely production of the required number of
rollers. However, this implies that the production manager needs to be aware of the customer
demand.

For DRQ2, one supply chain planner manages the conveyor processes associated with
cutting/pressing and heat treatment. The responsibility for planning the grinding/honing stages,
however, is allocated to the same planner mentioned previously.

4.3 ldentified Problem Areas

By reviewing the current state maps and in combination with the respondent’s answers from
the performed interviews as well as observations, several problem areas have emerged. Each
area presents a challenge and opportunity to optimize the production system.

4.3.1 TaktTime

In developing the VSM, it became apparent that takt time was not a metric currently calculated
and utilized in the control and planning of production for either of the two production flows.
Although the takt time incorporated into the VSM was calculated with input from several
employees, it is important to acknowledge that this measure lacks total precision.
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Not knowing the correct takt time could potentially impact the optimization of the production
process, as this is a key component for optimizing production flows and identifying areas for
improvement (Rother & Shook, 2003). As explained by Chen et al., (2019), takt time can be
used to control and manufacture at the pace that is necessary to fulfill customer demand,
reducing overproduction which lowers the stock levels. From the interviews and observations
when creating the current state map, it became apparent that stock is an ongoing issue in the
roller production system.

However, takt time is mostly a concept used for production systems that use a pull system
(Liker, 2004). As previously noted in chapter 4.1.1, the current production does not fully follow
the pull-based principles but instead utilizes a mix of both push and pull, making this problem
of not knowing the takt time further complicated.

4.3.2 Overproduction and Excess Inventory

Utilizing a mix of both push and pull in a way that the production system currently does, may
also be one of the contributing factors to the observed overproduction within the system. For
both production flows, RRY4-5 and DRQ2, the DOI preceding the grinding/honing operations,
which, according to SKF employees, should be around three days, are significantly longer,
indicating that production is completed earlier than necessary. However, the observed DOI does
not, in a sense, only mean overproduction, it could also be because of the dimension of the
buffers between the varying processes. This observation is similarly applicable to the finished
goods for RRY4-5, where DOI should, again, according to SKF employees, be about 10 days.

The presence of excess inventory is a common problem observed in the VSM, closely
associated with overproduction. This is particularly noticeable in the RRY4-5 production flow,
where the total lead time is approximately 50 days, far exceeding the targeted lead time of
around 35 days for roller production. Overproduction, being one of the major sources of waste,
could be reduced by aligning the production more towards the actual customer demand, by use
of takt time for example, and by using pull-based techniques such as a kanban system (Liker &
Meier, 2006; Slack et al., 2013). This technique set a limit to the allowed WIP in the system,
meaning that the overproduction could not go over a certain level (Chen et al., 2019; Chahal &
Narwal, 2017). This would lead to lower stock in the whole production system, which is seen
as something sought after by the interviewed SKF employees.

Moreover, one main contributor to overproduction according to Chiarini (2012) is the
implementation of oversized economic batch sizes. As mentioned previously, current
production orders are usually limited to batches over 10,000 units as it is not seen as
economically sound to manufacture under that limit.

Excess inventory, often derived from overproduction, leads to an increased need for storage
and longer lead times as well as increased costs due to transportation, tied-up capital,
obsolescence, and damaged goods (Liker & Meier, 2006). An increase in costs means that the
performance objective cost is affected negatively. As explained by Slack & Brandon-Jones
(2019), cost plays a critical role in any company as it directly affects their profit margins.
Additionally, without having a large inventory in the warehouse, it is possible to deliver high-
quality to customers at a lower cost (Liker & Meier, 2006). For SKF, it is crucial to evaluate
the implications of excess inventory, given its numerous drawbacks, which is why stock is
included as a KPI.
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Additionally, according to Rother and Shook (2003) and Liker and Meier (2006), excess
inventory is a significant cause of extended lead times within a production system. Furthermore,
Hopp et al. (1990) assert that shorter lead times result in reduced WIP, which in turn lowers the
requirement for storage space. As seen in the current state maps, the large amount of storage is
pointing towards overproduction and excess inventory in the production system.

4.3.3 Transport

The one-kilometer distance between the D- and R-factory represents an inefficient transfer of
goods, as highlighted in the description of the production flow in the VSMs under 4.2.1, leading
to extended production lead times and complicating the planning process. Transport is
considered a waste according to Liker and Meier (2006) as it contributes to longer lead times
and more unnecessary time spent by SKF personnel to transport the goods.

The overall factory layout affects the need for transportation, the longer distance between
processes within a production flow increases the time spent to move the products between
processes (Slack et al., 2013). Considering that rollers are being moved three times with a total
of three kilometers, this is seen as a waste since it contributes to longer lead times and more
material movement.

According to Dennis (2007), transport waste often originates from poor factory layouts. For
example, if a production flow for roller manufacturing were to have a cellular layout, then all
necessary processes to produce a finished roller would be close to each other, this means that
there is less distance between processes which, in turn, would reduce the lead time for roller
manufacturing (Slack et al., 2013). Moreover, this would increase the performance on the
performance objective speed, highlighted as crucial for reducing inventory according to Slack
and Brandon-Jones (2019). The reason why speed is important to reduce inventory is that the
journey of the material throughout the production system is far greater than the processes,
meaning that it spends most of its time in stock. So, the longer time products take to move
through a process, the more time they will be waiting and the higher the inventory will be (Slack
& Brandon-Jones, 2019).

The authors further highlight that speed can reduce the risks in operations since the faster the
lead time is the later forecasting can be left. Thus, a higher performance in speed means that it
is more likely that the number and types of products that are being manufactured eventually
will be needed (Slack et al., 2013). Furthermore, the KPI of ease of planning & execution is
seen as important to SKF personnel, and placing processes in closer proximity could improve
that KPI.

Right now, it can be considered that a functional layout is overall being used for the production
system since similar processes are in close proximity and when that process is finished the roller
is either transported into storage or transported to a different process located elsewhere (Slack
etal., 2013).

As mentioned by Chiarini (2012), excessive inventories are one of the main contributors to an
increase in transportation since they cause a need for the transportation of products from one
warehouse or storage to another. Given the large number of items in storage, visualized in the
current state maps, it goes to show that additional transportation is necessary between storage,
buffers, and processes since Chiarini (2012) and Liker and Meier (2006) mention that it is the
case when there is excessive inventory in a production system.
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4.3.4 Constraints

When observing the current state maps and looking at DRQ?2 flow, the cycle times across all
operations are shorter than the takt time, theoretically indicating that meeting customer demand
should not present a problem. However, the situation differs for RRY4-5, where the cycle time
for grinding/honing exceeds the takt time, pinpointing the grinding/honing operation as the
bottleneck. This is one of the reasons that accounts for the strategic placement of the storage
location prior to this operation. This is in line with what Goldratt and Cox (1992) say about
placing the buffer location before the drum i.e. the bottleneck, that sets the pace of the
production.

However, a highlighted challenge by interviewees, is that the cycle times in the heat treatment
operations vary a lot, creating constraints that impact the efficiency of the production system.
Smaller rollers, which undergo a quicker cycle time in heat treatment, shift the constraint to an
earlier stage, the cutting operation. Conversely, larger rollers, which take longer time in heat
treatment, position the constraint within the heat treatment process itself. This is something that
is not actively managed, and by having the constraints’ location change from time to time
depending on the roller variant produced but not changing the location of the buffer, it
contradicts the drum-buffer-rope concept presented by Goldratt and Cox (1992).

A Dbottleneck can be seen as a form of constraint, which is characterized as any factor that
negatively impacts and restricts the efficiency of a system. However, the change of location of
the constraint is not an issue itself but rather the opposite, since the principle of TOC, presented
by Jonsson and Mattson (2009), is to continuously evaluate the constraint so that it can be
improved, thereby having the constraint to be changed to another operation.

Moreover, as described by SKF personnel, it necessitates communication between the
production manager for the heat treatment and the supply chain planners. This makes the
planning of roller manufacturing more complex since the heat treatment is a complex process
to plan and thereby the production manager has to make the final call on what and when to
produce, evidently impacting the ease of planning & execution KPI.

4.3.5 Personal Judgement Decisions

The absence of a standardized framework for decision-making in certain aspects of production
planning introduces the possibility of variability and inefficiency. In the case of SKF, decision-
making within planning production often relies on the expertise and personal judgment of the
individual employees involved in planning. An example of this, explained by an SKF employee,
is the case when a supply chain planner is planning the heat treatment process. The planner
does not have sufficient guidance from the system to plan that process by only relying on the
system. Thus, a production manager for the heat treatment is contacted, and that individual must
make individual decisions for the planning of the heat treatment.

This dependence becomes particularly problematic with personnel changes, leading to
inconsistency in production planning. As mentioned earlier, planning the production system
can be challenging when the person with the required expertise is unavailable. Relying solely
on specific individuals is not an ideal situation as expressed by an SKF employee.
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Consequently, achieving a high score on the ease of planning & execution KPI becomes more
difficult when depending on individuals. Furthermore, when depending on individuals to plan
the roller manufacturing, and the person with the required expertise is out of the office, it could
affect the dependability performance objective. Dependability is expressed as a performance
objective that affects quality and speed in an organization, performing poorly could lead to
more operational costs and not meeting customers’ expectations (Slack & Brandon-Jones,
2019).Not keeping delivery promises given to customers could lead to customers looking to
buy elsewhere (Slack & Lewis, 2015). According to an interviewee, this problem could be
reduced or eliminated if the system could support decision-making at every level for the supply
chain planner.

4.3.6 System Support

A highlighted issue contributing to the problem of personal judgment decisions is the
insufficiency of the data systems currently in use for some planning activities. These systems
do not provide the functionalities necessary for optimal decision-making, forcing employees to
rely on their competence and experience to make decisions. Introducing higher flexibility into
the production system without upgrading these systems could further complicate planning
processes, placing even more emphasis on individual judgment and decisions. This means that
system support is closely linked to ease of planning & execution since it affects how supply
chain planners conduct their day-to-day tasks.

For the supply chain planners to be able to be more effective, according to an interviewee, when
utilizing a push system, a reliable and advanced system should support the planners to make
decisions solely based on the data provided by the system. This means, not necessitating any
objective reasoning, connected to previous issues on personal judgment decisions. The system
should have enough information to be able to provide reliable data to the supply chain planners,
making it simpler for the planners to plan the production.

According to Slack and Lewis (2015), a well-integrated ERP system can help planners in their
decision-making, providing information on when, where, and who should do certain activities
as well as how much capacity is needed. Furthermore, the system will reduce the need for
manual planning tasks since those tasks can take place within the integrated system (Slack &
Lewis, 2015). Moreover, all necessary data should be provided to relevant SKF personnel, such
as production managers, and within a convenient timeslot, to avoid discrepancy and confusion
on what to manufacture.

However, in contrast, if a pull system were to be implemented, such an advanced system would
not be necessary, and the planning process could be more simplistic, both system-wise and
operational. This includes both production scenarios although the Flexible Flow would benefit
more from a more simplistic system like pull.
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5. Production Scenarios

The objective of this chapter is to address and answer RQ3 and RQ4. To achieve this, a
comparison between the two scenarios and how they manage the identified problem areas is
carried out to answer RQ3. Further, the MCDA, based on evaluating the scenarios towards the
KPIs of the project, is presented. Finally, based on the comparison and the results from the
MCDA, the answer to RQ4 is presented.

5.1 Main Differences between Simplified Flow and Flexible Flow

This section outlines the main differences between the two production scenarios, Simplified
Flow and Flexible Flow. Each scenario represents a distinct approach to managing production
flows and resources, aiming to optimize various aspects of the production system. In Simplified
Flow, a streamlined, standardized production path designed to enhance predictability and flow
efficiency is explored. Conversely, Flexible Flow emphasizes flexibility and resource
efficiency, accommodating disruptions in production and reducing dependencies on fixed
production paths. Flexibility in the Flexible Flow is as previously mentioned, when a roller can
be manufactured in every production flow and take all possible routes, meaning that one variant
of roller dimension is not being processed in the same flow and machines each time.

5.1.1 Simplified Flow

Flow Efficiency

In the Simplified Flow, emphasis is placed on enhancing flow efficiency and adopting a
comprehensive approach to managing production resources and their flow. According to
Bellgran and Séafsten (2010), flow pertains to the seamless progression between activities,
aimed at ensuring precise delivery of each component to the designated recipient, in the
appropriate quantity and at the correct time. Rollers in this Simplified Flow are produced
through a predetermined flow, utilizing the same resources each time that specific roller variant
is to be manufactured. This improves flow efficiency and reduces queues in the production
system since rollers are allocated to certain resources that are ready to be used whenever a
customer demands that roller.

However, this approach can result in excess capacity in the system's resources, as not all types
of rollers are continuously in demand from customers. This may lead to high flow efficiency
but low resource efficiency, as described by Modig and Ahlstrom (2012) as "the efficient
ocean." To meet customer demand, excess capacity in resources is often maintained, even
though the resources are not being used to their fullest potential (Modig & Ahlstrém, 2012).
Excess capacity may increase roller costs, but overemphasizing resource utilization may lead
to higher waiting, inventory, and operator costs (Modig & Ahlstrém, 2012).

As previously mentioned, the production of rollers is only considered profitable in quantities
exceeding 10,000 units. Improving flow efficiency would allow rollers to “flow” through the
production system in a more efficient manner, enabling shorter lead times during production,
and potentially eliminating the need for large batch sizes. Given the shorter lead times, roller
manufacturing could be based on what is needed to be produced. This approach would yield
numerous benefits, including a significant reduction in stock levels. As explained by Hopp et
al. (1990), having a shorter lead time reduces the amount of WIP, which enables a reduction in
stock levels.
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Line Layout

Slack and Brandon-Jones (2019) explain that a line layout uses a fixed production path for each
product and follows a specific sequence. This aligns with Simplified Flow, as all rollers will
have a fixed, predetermined, production path.

Slack and Brandon-Jones (2019) further explain that line layout organizes resources in
alignment with the production process of the products. This means that all resources that are
necessary to manufacture a complete roller would be organized in sequence, not necessitating
any material movement between the processes. This reduces waste known as motion and
transport (Liker & Meier, 2006).

However, in the current situation, transportation is necessary between the R- and D-factory and
between some of the processes in the two flows of RRY4-5 and DRQ?2. So, even though the
line layout is not a direct translation of the Simplified Flow scenario due to these disconnections
between processes, the principle is similar with having the same dimension of rollers always
taking the same production path.

Additionally, as mentioned by Liker and Meier (2006), a continuous flow (one-piece flow), that
physically links process steps, would have no inventory between processes, evidently reducing
stock levels in the production system. To achieve this, a reduction of batch sizes is necessary
to move toward continuous flow (Liker & Meier, 2006). However, for roller production, the
resources are not all physically aligned, rather the principle of a line-based layout can be
incorporated into the production system. Thus, a fully continuous flow, as described by Liker
and Meier (2006), is not currently feasible in roller production. But as mentioned, the first step
toward continuous flow is to reduce the batch sizes.

A drawback to utilizing the line layout entails lower flexibility in the system, leading to higher
vulnerability towards disruptions in production and changes in customer demand (Slack &
Brandon-Jones, 2019). However, this is opposed by Liker (2004), who says that by having a
line layout that accommodates having low stock levels and WIP, lead times will be reduced
and, real flexibility, the ability to adapt to variations in production and demand, can be achieved.
Applying this to the Simplified Flow would then facilitate a production that only produces
rollers that are needed from the internal customer.

5.1.2 Flexible Flow

Resource Efficiency

According to Modig and Ahlstrém (2012), when organizations prioritize resource efficiency,
the aim is to utilize their resources to the fullest in each process. This approach can lead to cost
savings in production, but it can also result in waste such as waiting times, longer lead time as
well as high inventories. In this context, Flexible Flow, the flexible flow, resembles and
emphasizes resource efficiency by maximizing machine utilization through a flexible
production system, not constraining the different roller dimensions to one specific resource and
flow.
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During SKF personnel interviews, the importance of flexible production systems was
emphasized to handle disruptions caused by resource breakdowns. By utilizing the flexibility
of being able to manufacture rollers in other machines when the intended machine has a
breakdown, it is possible to continue manufacturing instead of waiting for the broken machine
to be fixed. However, this entails that overcapacity is necessary in the system as well since an
alternative resource is ready to process the rollers that were intended to be produced elsewhere.

The interviewees also noted that having too many fixed route flows can hinder the system's
ability to handle disruptions, resulting in lower capacity utilization. Therefore, a more flexible
production system can lead to higher capacity utilization by effectively managing disruptions.

A flexible production system also enables a swift response to unexpected shifts in customer
demand (Slack & Brandon-Jones, 2019). The authors also imply that with enhanced flexibility
it is possible to improve operational efficiency as well as customer satisfaction. Higher
customer satisfaction in this regard implies that a roller can be provided in time to the internal
customers, resulting in a higher availability KPI. For instance, if there is a higher demand for
rollers than anticipated, the flexible system can manufacture them in various flows to meet the
customer's needs. However, if taking the standpoint from Liker (2004) and, to enable a swift
response to the shift in demand which is according to the author referred to as “real flexibility”,
low lead time is necessary to be able to reach this kind of flexibility. Therefore, by having the
Flexible Flow which prioritizes resource efficiency and thereby has higher inventories and
longer lead times, the ability to meet variations in demand can be considered to be lower.

Further, the interviewees were concerned that the Flexible Flow can also cause instability in
the production system, making it challenging to keep track of everything given the possibility
of making late changes in the system.

If Flexible Flow were implemented, it would significantly increase the complexity of the
production system. As a result, the supply chain planners would need to engage in a more
complex and time-consuming planning process, given that the process and system are more
complex. Slack and Lewis (2015) suggest that an ERP system could be utilized to manage these
operations.

During interviews with SKF employees, it was noted that a highly advanced and integrated
system would be necessary to manage a complex system like Flexible Flow, which is not yet in
place at SKF. Therefore, Flexible Flow will underperform on the ease of planning KPI if no
advanced system is there to support the decision-making in the push system.

Functional Layout

According to Bellgran and Sé&fsten (2010), a functional layout has the potential to optimize
capacity utilization by organizing similar resources in close proximity to each other. This
enhances flexibility, which allows for more product variants and adaptation while maintaining
resilience towards disruptions in the production system. This aligns with Flexible Flow's focus
on flexibility, capacity utilization, and adaptability in production.
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To maintain flexibility within SKFs production system, and the ability to reroute rollers, it is
important to be able to accommodate roller variations across similar resources. An interviewee
has noted that this could result in increased costs for equipment, as each resource may require
additional equipment to produce a large variety of rollers. Furthermore, Bellgran and Safsten
(2010) emphasize that the complexity of a functional layout can result in extended lead times
and complicated production planning, leading to delays and queues for transportation between
processes, showcasing a risk that Flexible Flow would result in a more complex planning
process.

As previously mentioned, rollers are currently manufactured in batches of over 10,000 units.
This poses a challenge, according to interviewees, as it often results in excess stock in the
production system. For instance, if an order for 3,000 rollers is placed, the planner may add
7,000 more to produce a full batch. The rationale behind this approach is that the supply chain
planners anticipate future demand for that type of roller in the coming month. Considering the
large batch sizes currently used in the production system, combined with the functional layout
could, as explained by Slack and Brandon-Jones (2019), mean high WIP or customer queuing.
Leading to high inventories and longer lead times in the production system (Hopp et al., 1990).
Moreover, when having large batch sizes in a functional layout, products are moved in full
batches between processes, further contributing to high WIP (Slack & Brandon-Jones, 2019).
Thus, this increases the need to reduce the batch sizes for SKF roller production.

Functional layout is an ideal production system for environments with a wide range of products
produced in small batches as they can take their own route (Zandin, 2001). However, upon
examining the current production of rollers, it is clear that while all rollers are processed using
the same type of resources, not every resource is capable of processing all roller dimensions.
Consequently, the product range is narrower than it may appear, despite the existence of 130
different rollers.

Furthermore, setup time and WIP tend to be high in a functional layout, and the lead time in
this system mainly occurs between the processes, with actual machining time constituting only
a small percentage of the overall lead time (Zandin, 2001). Having longer setup times and
higher WIP results in a need for higher stocks and thereby longer lead times. This makes it
harder to reduce the batch sizes and to produce only what is demanded from the internal
customers.

5.2 Management of Identified Problem Areas in Respective Production Scenarios

The problem areas identified in section 4.3 concerning the current production system are of
great importance in determining the most suitable scenario for SKF's roller production.
Consequently, this section will present the outcomes of how each flow addresses these issues
individually.

5.2.1 Takttime

The identification of various issues revealed that takt time, a crucial metric for optimizing
production flows, is not currently implemented in the control and planning of SKF's production
systems. This oversight leads to challenges in accurately aligning the production pace of rollers
with customer demand from bearing assembly, contributing to persistent stock issues within
the roller production system. As the current production system utilizes aspects from both push
and pull, this issue is only more complicated.
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Simplified Flow, with its structured and consistent routing for specific dimensions of rollers,
facilitates a more predictable production flow. This predictability can be advantageous in many
aspects, but not regarding the issue related to takt time, at least not if trying to use it as a concept
of controlling the flow. As Liker (2004) says, takt time is a concept mainly utilized in pull-
based production systems and when flow efficiency is considered a problem. Therefore, the
line layout described by Slack and Brandon-Jones (2019), which Simplified Flow resembles,
and which puts high effort into flow efficiency, makes the issue of not knowing the takt time
less important.

In contrast, Flexible Flow emphasizes resource utilization with its ability for rollers to take
whichever path possible in the production system, resulting in less focus on flow efficiency.
This reduced emphasis on flow efficiency is then in line with Liker (2004) and his ideas of
utilizing takt time on a production system where flow is considered a problem. With that said,
calculating a correct takt time in the Flexible Flow Scenario might not be an easy task.

Liker (2004) highlights the primary challenge associated with utilizing takt time: accurately
determining customer demand. This task becomes particularly challenging in production
environments characterized by diverse products and fluctuating demand. To address this
challenge, Liker (2004) underscores the importance of understanding the consequences of
deviating from takt time, with one example of having standardized cycle times in production
enabling easy adjustment of production time to accommodate demand variations. As mentioned
by Liker and Meier (2006), a reduction in batch sizes is necessary to achieve a continuous and
line-based flow.

However, the issue arises for the Flexible Flow Scenario, resembling the functional layout
described by Slack and Brandon-Jones (2019), and production systems in general, where cycle
times are not standardized. This lack of standardization is especially evident in heat treatment
operations, where cycle times vary significantly depending on the roller dimensions produced.

5.2.2 Overproduction and Excess Inventory

Overproduction and excess inventory issues in the production flows of RRY4-5 and DRQ2 are
major issues in the production system, that result in early production completion and extended
DOI. This imbalance leads to increased lead times and surplus inventory, which not only incur
additional storage and capital costs but also negatively impact operational efficiency.
Overproduction can be caused by the push method of planning, wherein the MRP system pushes
orders for production more than what is needed. This results in excess inventory that is often
wasted, leading to increased costs. To avoid this overproduction, a pull system can be used
instead. For example, kanban cards can be utilized to manufacture to lower WIP (Liker &
Meier, 2006).

In Simplified Flow with the fixed routing system, the predictability of the production flow can
have both benefits and limitations when it comes to addressing overproduction and excess
inventory. Liker and Meier (2006) and Chen et al. (2019) mention that implementing pull-based
systems, such as kanban or two-bin systems, is proven to regulate WIP by triggering production
based on actual demand. Hopp et al. (1990) mention that reducing WIP reduces stock levels in
the production system. According to an interviewee, Simplified Flow’s material flow, which is
direct and predictable, facilitates easier stock management and minimizes the risk of material
shortages. The interviewee further mentioned that the predictability of Simplified Flow allows
for a more controlled implementation of WIP caps, ensuring that production does not exceed
set limits. Moreover, an interviewee also mentioned that for Simplified Flow, the material flow
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will be more linear and easier to comprehend, which facilitates both the physical and digital
management of material.

Moreover, Chiarini (2012) highlights that a common reason for overproduction is the
implementation of oversized economic batch sizes. As previously mentioned, the batch size is
currently advised to be over 10,000 rollers by SKF. The Simplified Flow supports the
implementation of pull-based systems, given its predictability and simplicity. Thus, by utilizing
pull, manufacturing could take place based on what the customer needs and enable the
possibility of having smaller quantities of each roller in stock (Liker & Meier, 2006). This
entails that it is necessary to be able to manufacture in smaller batches.

However, it should be noted that when reducing the batch sizes, it might become more costly
to manufacture the rollers from a resource utilization perspective. Although, it could lead to
lower costs from overproduction and excess inventory. However, according to Liker and Meier
(20006), the waste “overproduction” is one of the worst wastes which brings other wastes into
the production system.

Flexible Flow is characterized by a flexible routing system which can increase the complexity
of managing overproduction and excess inventory, given the focus on resource efficiency and
higher inventory levels (Modig & Ahlstrém, 2012). As mentioned earlier, the implementation
of a pull system can effectively minimize overproduction and excess inventory (Liker & Meier,
2006). Considering the complex nature of Flexible Flow and the simplicity of pull, itis probable
that the potential benefits of utilizing pull in this production scenario would be greater and more
significant when compared to Simplified Flow.

However, adaptability may help maintain optimal inventory levels by reducing batch sizes,
according to an interviewee. Furthermore, Zandin (2001), mentions that a functional layout can
produce a large variety of products in smaller batches. This might reduce the highlighted issue
regarding the batch size of 10,000 units, where oversized batch sizes are seen as a normal cause
of overproduction (Chiarini, 2012).

5.2.3 Transport

The transport inefficiencies in the current production system, highlighted by the one-kilometer
distance between the D- and R-factories, result in increased lead times and complexities in the
planning process, where Liker and Meier (2006) identify transport as a source of waste.

In Simplified Flow, the transport problem area is seen as a challenge due to the rigidity of the
production layout. The 1-kilometer distance between the R and D factory shows inefficiencies
since Liker and Meier (2006) mention that transport contributes to longer lead times and
increased non-value-added activities. However, the simplicity and predictability of Simplified
Flow could enhance the possibilities of improvements in logistics and layout optimization. A
benefit of Simplified Flow in this regard is the ability to establish set paths, enabling dedicated
shuttle routes and thus making transportation more efficient.
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Dennis (2007) mentions that poor layout facilities are one of the main contributors to transport
waste. Thus, changing the layout is fundamental in reducing transportation. Due to the
functional layout currently used, this problem area will likely persist unless that change is made.
Slack et al. (2013) mention that utilizing a cellular layout, where all necessary processes to
produce a finished roller are closer together, could reduce the transport waste since there is no
need to transport from R to D-factory and vice versa. Moreover, Chiarini (2012) explains that
when reducing inventory levels, it is also possible that transportation needs are reduced as well.
As explained in section 5.3.2, Simplified Flow can reduce inventory levels by potentially
utilizing a pull-based system.

In contrast, in Flexible Flow, there are different possibilities and challenges for managing
transport waste. A flexible production system, utilizing a functional layout, would mean that
transport would always be necessary to produce a finished roller. Moreover, in this production
scenario, rollers could be moved to different destinations as needed, potentially increasing
transportation between processes. As previously noted, Dennis (2007) identifies the facility
layout as the primary contributor to transportation issues. Thus, without changing the layout of
the flexible, to perhaps a cellular or line layout within a single facility, it will not remove the
transportation needs fully.

Therefore, both Simplified Flow and Flexible Flow have the opportunity to optimize
transportation, mostly where Simplified Flow reduces the distance between processes.
However, without changing the layout of the facilities, and incorporating all necessary
processes to finish a roller in the D-factory, reducing the need for transportation between the R
and D-factory will not be possible. As mentioned by Slack and Brandon-Jones (2019), the
performance objective speed is important for a production system because of the various
benefits it provides, e.g. reduced risks and inventory. By reducing transportation, it is possible
to increase the performance in speed (Slack & Brandon-Jones, 2019).

5.2.4 Constraints

Having varying cycle times, sometimes even exceeding the calculated takt time, and not
actively working with the constraints in the system, is the next issue at hand.

The method of Simplified Flow by having a more structured approach and predictable
production paths, facilitates a good management of constraints. The consistency in having each
roller variant follow a consistent route through the production system aids in pinpointing where
constraints occur due to when that happens it will be seen directly. This will better facilitate the
first of five steps presented by Jonsson and Mattsson (2009) of aligning production and material
flow with customer demands, which is to identify the constraint. It would also facilitate working
with reducing the varying cycle times, mostly in heat treatment, due to the predetermined paths
for the rollers, making the dimensions of rollers designated for each heat treatment operation
vary less and therefore having less difference in cycle times. However, it should be noted that
in the two flows of RRY4-5 and DRQ?2, there is only one heat treatment operation in the
respective flow. If having the option of utilizing more heat treatment operations, this issue
would be further minimized.
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Flexible Flow, with its focus on utilizing the resources as much as possible, would instead risk
increasing the issue regarding varying cycle times in the heat treatment operation. Having all
dimensions of rollers be processed in every heat treatment operation, the difference in the size
of the rollers will be as large as possible, which will mean that the difference in cycle times will
not be improved. While the increased flexibility in the setup of Flexible Flow might lead to
higher resource utilization, as highlighted by Slack and Brandon-Jones (2019), the variability
in process paths for the rollers and having large differences in cycle times in the heat treatment
operations, could lead to inconsistencies in lead times and complicate the communication
between production personnel and supply chain planners. From the perspective of Jonsson and
Mattson (2009) who say that a constraint is every factory that negatively impacts and restricts
the efficiency of the production system, this can be seen as a constraint that could prove to be
difficult to handle.

5.2.5 Personal Judgement Decisions

The reliance on the personal judgment and expertise of individual employees creates variability
and inefficiency. This situation hinders consistency in production planning which negatively
impacts KPIs like ease of planning & execution and jeopardizes the performance objective of
dependability in meeting customer expectations.

As mentioned previously, a current issue of individual decisions being made is when planning
the heat treatment process. The current production manager is the one who plans the heat
treatment process.

The Simplified Flow offers a structured and predictable production system that can be
beneficial for standardizing decision-making processes. By having a predefined path for each
product or material flow, as mentioned by an interviewee, the dependency on individual
judgment can be minimized, as critical decisions about the planning and processing of material
are largely predetermined. The interviewee further mentioned that having a simpler production
system could lead to an easier planning process for the supply chain planners.

Moreover, this leads to a decision-making process that could be conducted based on suggestions
solely from the system, simplifying and minimizing the time needed for the planning process
for supply chain planners. The interviewee believes in a simple planning process, where the
supply chain planner can monitor the suggestions provided by the system. It was also mentioned
that in the future, the planning process might be conducted only based on system
recommendations. SKF's ERP system could provide detailed planning and operations
instructions to aid in decision-making for the supply chain planners, decreasing the need for
manual tasks in the decision-making process, highlighted by Slack and Lewis (2015) as one of
the advantages of a well-integrated ERP system.

In contrast, an interviewee mentioned that the Flexible Flow would require a more dynamic
decision-making process. The reason was that changes could be made during several stages in
the production process, where different individuals would need to make decisions instead of
just relying on the system to make them. Flexible Flow offers the possibility to make
adjustments and optimizations in real-time, which, while beneficial in handling variability in
production demands, also increases the reliance on the individual judgment of planners as well
as operators. Thus, to reduce the problem area of personal judgment decisions, according to an
interviewee, it requires an advanced system that can take everything into account when it comes
to decision-making in a complex and flexible system.

57



Further mentioned by an SKF employee, that in a complex system like Flexible Flow, supply
chain planners would constantly need to look for optimizations in the planning process, and the
interviewee believes in a simpler planning process rather than a complex one. However, Slack
and Lewis (2015) mention that an advanced ERP system that has been well-integrated can be
utilized to support decision-making by offering data-driven insights and recommendations in
the production process. This correlates with what was mentioned by an interviewee, that
planning production in a push system, combined with the Flexible Flow, requires a more
advanced system than what is currently in place.

However, another take on this is that the flexible flow should utilize a more simple planning
and decision-making process, such as a pull system. Instead, it should be the Simple Flow that
utilizes a more advanced and dynamic decision-making process because of its simple
production system. This way, the Simple Flow could be planned in more detail, pinpointing
exactly how and when rollers should be manufactured.

To conclude, personal decision-making can be reduced by utilizing an ERP system, as described
by Slack and Lewis (2015). Furthermore, Simplified Flow’s predetermined flow supports and
simplifies the planning process whilst Flexible Flow’s complex production system is more
demanding on the ERP system if a push method is used, thus, requiring a more advanced system
for decision-making. In contrast, if a pull system were to be used, it could benefit and simplify
the planning process for both scenarios. However, the Flexible Flow, with its complex nature,
could gain the most benefits from a pull system whilst the Simplified Flow could gain more
advantages when given the possibility to make detailed and dynamic planning decisions. (Liker
and Meier, 2006).

5.2.6 System Support

The system support in current production is limited by its lack of functionalities necessary for
optimal decision-making, leading to an overreliance on employee judgment and experience in
planning activities. This insufficiency hinders effective planning and decision-making
processes, underscoring the need for a more integrated and reliable system that supports supply
chain planners by providing comprehensive, timely, and accurate data, thereby reducing the
reliance on manual and subjective decision-making, connected to previous iSsues.

In Simplified Flow, the ERP system can be used to support the system and reduce the need for
personal judgment. As discussed with an SKF employee, a simple production system could
enable decision-making based solely on suggestions from the ERP system. The SKF personnel
would need education in the system to utilize it correctly and to trust it, according to an
interviewee. As further mentioned, a more simplistic system would require less configuration
in the system to be able to get precise suggestions and recommendations for the supply chain
planners.

According to Slack and Lewis (2015), a comprehensive ERP system can provide detailed
guidance on production activities, scheduling, and capacity management. The ERP system can
ensure that all the necessary data are available to the production managers and planners in a
timely and accurate manner, minimizing discrepancies and confusion in the manufacturing
process. Therefore, while the system can improve efficiency and reduce the need for manual
planning tasks, a downside mentioned by an interviewee is that it may not fully compensate for
the inflexibility of fixed production routes without some enhancements to allow for responsive
adjustments in planning for the Simplified Flow.
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In Flexible Flow, the need for an advanced ERP system becomes even more critical according
to multiple interviewees. The dynamic nature of Flexible Flow requires a system that not only
provides comprehensive data but also supports decision-making and adaptability in the
production planning process. This would enable Flexible Flow to maximize its potential,
allowing for real-time adjustments in production routing based on current conditions and
demands, thereby enhancing the overall efficiency and responsiveness of the system. This
requires not only a well-integrated ERP system but also one that is capable of real-time analytics
to support the continual adjustments needed in a flexible production system.

To conclude, SKF employees underline the importance of implementing a more advanced
system that could support the decision-making process within Flexible Flow. As for Simplified
Flow, it is considered that the current system could be utilized to improve the decision-making
process, not necessitating investments in a more advanced system. Slack and Lewis (2006)
imply that an advanced and well-integrated system could support planners and provide real-
time and informed recommendations.

5.3MCDA

To compare and evaluate the two production scenarios and find out which one is most optimal
for SKF, an MCDA was developed. This methodology integrates various decision criteria to
enable a quantitative assessment, comparing both proposed production scenarios with the
existing production system. Initially, the first decision criteria were established through
structured interviews where SKF personnel ranked project KPIs based on perceived
importance. For the second criterion, the impact of both the current and proposed production
scenarios on each KPI was qualitatively evaluated and then quantified. This quantification aids
in facilitating a comprehensive comparison across all scenarios. According to Gamper et al.
(2006) and Linkov and Moberg (2012), involving SKF staff in the ranking process ensures that
the assessment aligns with a consensus-driven approach, incorporating the needs and
expectations of all stakeholders.

5.3.1 Inputto MCDA

The results gathered from the eight interviewees regarding the importance of each KPI revealed
both commonalities and variations. To ensure consistency, an introduction to each KPI was
provided to each interviewee prior to ranking. This approach was deemed necessary to ensure
a proper understanding of the KPIs by all interviewees. All respondents uniformly ranked
availability as the most important KPI. Rankings for the remaining KPIs, however, varied more
widely. The ranking system used assigned the top-ranked KPI a score of 4, the next a score of
3, and so forth. Additionally, respondents could assign equal importance to two KPIs, in which
case the score for these was calculated as the average of their ranks. For example, if stock and
ease of planning & execution were both ranked second, each would receive a score of 2.5,
calculated as (3+2)/2. The least important KPI received a score of 1. The average weight for
each KPI was then determined by dividing the total score for each KPI by the number of
respondents, i.e., eight. The complete result from the rankings can be seen in Table 7.
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Table 7 Results from the Rankings

. Weight

Interviewee Availability | Capacity Utilization | Stock | Ease of Planning & Execution
1 4 3 1,5 15

2 4 3 1 2

3 4 2,5 2,5 1

4 4 2 1 3

5 4 3 1 2

6 4 1 3 2

7 4 1 2 3

8 4 1 3 2
Average Weight 4 2,06 | 1,88 2,06

Figure 14 presents a radar chart illustrating the ranking results from the eight respondents for
enhanced clarity. The chart distinctly highlights that availability is deemed highly important by

all personnel, consistently receiving the maximum score of 4. It also displays the varied
importance assigned to the remaining KPIs, which likely reflects the diverse roles of the
interviewees within the company.

Ease of
Planning &
Execution

Availability

Stock

Capacity
Utilization

Figure 14 KPI Rankings by The Interviewees
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To evaluate the impact of each scenario on the KPIs, a 3-point scale was utilized with levels
categorized as low, medium, and high. Each level was assigned a corresponding quantitative
value of 1 for low, 2 for medium, and 3 for high. The scale's definition for each level can be
found in Table 8 below. Each scenario was compared with the KPIs, using this scale to
determine which level of impact each scenario would have.

Table 8 Definition of Each KPI Level

KPI Level Definition
Frequent occurrences where the necessary rollers are not
Low - . .
available at bearing assembly on time
Availability Medium Rollers are mostly available at bearing assembly when
needed.
Hiah Rollers are always available at bearing assembly when
g needed
Low Significant surplus in inventory
Stock Medium Slight surplus in stock levels but manageable
Hiah Optimal stock levels to meet the availability with no
g excess or shortage
Low Complex, time-consuming, and high effort required for
planning and execution
=il 0] Plar_mlng e Medium Some challenges but overall manageable
Execution
Hiah Simple, efficient, and low effort required for planning
g and execution
Low Large portions of capacity are underused
Capacity Utilization Medium Capacity is suffmgntly used but there is room for
improvement
High Ability to fully utilize capacity efficiently

Before proceeding with the actual MCDA, it was necessary to score each production system:
the current production system, the Simplified Flow Scenario, and the Flexible Flow Scenario,
based on their anticipated impact on each KPI. The anticipated impact on each KPI was drawn
from observations, interviews, and the literature review. The rationale for assigning specific
scores to particular scenarios and KPIs is detailed below.
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Current Production System

Availability: The current production system excels in maintaining high availability, as it
consistently ensures timely delivery of rollers to the bearing assembly line during current
production- and demand levels. Consequently, this system receives the maximum score of 3 for
availability, indicating its effectiveness in this area.

Stock: As indicated in the VSM for the current production flows of RRY4-5 and DRQ?2, there
IS a noticeable excess of stock within these systems. This substantial surplus, evident in both
production and storage locations, has been identified as a key issue with the current production
system. Consequently, according to the defined scoring criteria, this situation is assessed at a
low level with a score of 1.

Ease of planning & execution: A medium score of 2 is assigned due to the complexities arising
from necessary coordination between supply chain planners and production employees.
Although planning and execution functions are effectively meeting current demand, the
considerable flexibility within the current production system occasionally leads to
synchronization challenges between the planning and execution phases. This misalignment
necessitates the use of personal judgment by production personnel to make decisions,
underscoring the medium-level impact on the system's overall efficiency.

Capacity utilization: The current production system, characterized by a combination of push-
pull dynamics and significant stock levels, exhibits medium capacity utilization, justifying a
score of 2. The VSM also reveals that uptime across various operations in the production flows
RRY4-5 and DRQ?2 varies between 64% and 85%. This variability indicates the potential for
enhancing operational efficiency.

Simplified Flow

Availability: One drawback of the Simplified Flow Scenario is the increased risk associated
with disruptions in the flow. If disruptions occur, the processing of rollers within that flow halts
until the issues are resolved, thereby affecting availability. However, embracing Liker's (2004)
concept of real flexibility suggests that a flow-efficient production system is better equipped to
respond to demand variations. By addressing potential disruptions and viewing them as
opportunities for process improvement, the system is more likely to meet the fluctuating
demands of bearing assembly. Implementing not just a simplified flow but also a system that
supports a pull-based, flow-efficient production, ensures that maintaining high availability
levels should not pose a problem, thereby justifying a score of 3.

Stock: With the flow efficient layout, and the facilitation of only producing what is needed, the
amount of inventory that sits within the system would see a decrease, in alignment with Modig
and Ahlstrém (2012) who highlight the possibility of having lower inventory levels when
focusing on flow efficiency. This reduction is further enhanced by a pull-based system, which
triggers production based on actual demand rather than forecasted estimates, thereby
minimizing overproduction and excess stock. The score is thereby considered to be a 3.

Ease of planning & execution: Comparing the degree of effort and efficiency needed for
planning and execution between the current production system and the Simplified Flow, it
would be less time-consuming, easier, and more efficient in a simplified flow due to a smaller
number of parameters that need to be taking into account when doing the planning and
converting it to execution. Always knowing which route each type of roller should take, with a
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great potential for reducing the stock levels, the ease of planning & execution would only see a
positive reaction to having a simplified flow, thereby scoring a 3.

Capacity utilization: Simplified Flow prioritizes flow efficiency over resource efficiency.
While this approach aims to maximize value-adding time and minimize waste, it may result in
lower resource utilization. As mentioned by Modig and Ahlstrém (2012), having high flow
efficiency and low resource utilization results in the production system being signified as an
efficient ocean. In other words, meeting customer expectations is given more importance than
utilizing the full capacity of the system. Thus, the assigned score is 1.

Flexible Flow

Availability: A more flexible system that permits rollers to follow varying routes in production
and to be transferred between processes facilitates rapid adaptation to disruptions, still ensuring
the supply of rollers to internal customers. However, the scenario's resemblance to a functional
layout and its emphasis on resource efficiency present challenges in accommodating demand
fluctuations, aligning with Liker's (2004) views on real flexibility. This reduces the ability to
meet availability requirements, resulting in a score of 2.

Stock: Implementing a more flexible flow that has a higher focus on resource efficiency will
see an increased difficulty in applying a pull-based perspective for controlling the material flow.
However, a pull-based system in this production scenario would have an increased potential if
implemented successfully. As highlighted by Modig and Ahlstrém (2012), a focus on resource
efficiency like Flexible Flow, is likely to face increased inventory levels, not contributing to
lower levels than today. Despite the challenges of implementation, adopting a pull system
within the Flexible Flow Scenario could effectively reduce inventory levels. This improvement
in inventory management would enhance performance on this key performance indicator,
meriting a score of 2.

Ease of planning & execution: Managing the Flexible Flow Scenario effectively demands an
advanced ERP system, particularly when employing a fully utilized push method, which is not
currently in use. Slack and Lewis (2015) highlight that while an ERP system can facilitate
decision-making in production planning, its success hinges on thorough integration.
Consequently, a flexible flow is likely to complicate and extend the planning process. However,
implementing a pull system could simplify planning within this production scenario. Therefore,
if a pull system is adopted, the score for ease of planning & execution can remain as medium,
az2.

Capacity utilization: An increased focus on resource efficiency, as seen in Flexible Flow, will
positively impact capacity utilization compared to the current production system. According to
Modig and Ahlstrom (2012), efficient islands have high resource utilization and low flow
efficiency. Moreover, Bellgran and Séfsten (2010) mention that flexibility in the system can be
used to handle disturbances in the production system, further increasing capacity utilization by
manufacturing in other machines. This means that by prioritizing resource utilization, along
with having flexibility in rerouting the rollers from Flexible Flow, the score for capacity
utilization results in 3, higher than the other two scenarios.
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5.3.2 MCDA Result

In Table 9 below, the final result of the MCDA is presented. Based on the explanations for each
score in the previous section, Simplified Flow, the simplified flow, has the highest score in the
production system, achieving a total combined score of 25,9. Both the current production
system and Flexible Flow resulted in a combined score of 22,1. Each production system has
high performance on availability, scoring 12 points each. Simplified Flow excels in the KPI
stock and ease of planning & execution. Flexible Flow has the highest score when it comes to
capacity utilization. The current production system has its lowest score on stock and performs
medium on both ease of planning & execution and capacity utilization.

Table 9 Final Result of MCDA

Current State Simplified Flow Flexible Flow
KPI Weights Score | Weighted | o | Weighted | ¢ | Weighted
Score Score Score
Availability 4,0 3 12,0 3 12,0 2 8,0
Stock 1,88 1 1,9 3 5,6 2 3,8
Ease of Planning & Execution 2,06 2 4,1 3 6,2 2 4,1
Capacity Utilization 2,06 2 41 1 2,1 3 6,2
Combined score 22,1 25,9 22,1

For visualization purposes, the results for the different production systems on each KPI are
shown in Figure 15 below. Highlighting in what KPI each system excels and where they do not.
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Figure 15 Graphs Showing Weighted Score on Each KPI

The combined score for the total score of the three production systems based on the results of
each of the KPIs, is shown in Figure 16 below. Highlighting that the simplified flow is best in
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the current situation at SKF. Highlighting that the simplified flow is best in the current situation
at SKF.
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Figure 16 Combined Score of Current State, Simplified Flow, and Flexible Flow

5.4 Summary of Results

In order to draw a final conclusion and determine which production scenario would be the most
suitable for the roller production of SKF, a thorough analysis of the results obtained from both
the MCDA and the assessment of how each production scenario addresses the identified
problem areas has been taken into account.

The MCDA analysis reveals that Simplified Flow, with its focus on flow efficiency and
streamlined production paths for the rollers, outperforms Flexible Flow when evaluated against
the KPIs of the project and compared to the current production flow. When examining the
identified problem areas and how each production scenario addresses them, Simplified Flow
enables an easier implementation of pull, which allows production on a need basis. However,
implementing pull in the Flexible Flow could have a heavier impact than for the Simplified
Flow, enabling improvements in both stock and ease of planning & execution.

The Simplified Flow Scenario, with its focus on flow efficiency, better facilitates a decrease in
lead times and enables a reduction in batch sizes. Furthermore, given the description of real
flexibility by Liker (2004), the Simplified Flow could outperform the Flexible Flow in
flexibility. This means that, according to the theory of real flexibility, Simplified Flow could
handle variations in demand more efficiently, meaning that the Flexible Flow might not be so
flexible.

The Flexible Flow outperforms in handling disruptions in the production system, given its
ability to utilize different resources whenever there are breakdowns. As for the production in
Simplified Flow, it would be idle until the resource is fixed, which could increase the downtime
of roller production heavily. However, a positive outcome of this is that disruptions in
production are handled directly and are visible.

Considering these factors and the current situation, a degree of flexibility in the production
system is necessary. Consequently, the response to RQ4 suggests that SKF should adopt
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Simplified Flow for its emphasis on simplicity, but also incorporate the minimal flexibility
needed, such as an alternative route for the rollers, to accommodate potential disruptions to a
certain extent. Once the pull-based system is implemented and functioning effectively, the
focus could shift towards increasing total output if demand is increasing, which may require
further enhancements to flexibility.
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6. Discussion

In this chapter, a discussion is carried out with a focus on providing the reader with additional
insight from the author's perspective to the result previously presented. A discussion about
parts of the methodology and the KPIs of the project, along with some challenges further ahead,
is discussed as well.

The purpose of the thesis is to identify the most suitable production system for SKF's roller
production. This involves gaining an understanding of the existing production system and
carrying out an evaluation of the two potential production scenarios that were conceptualized
by SKF. The objective is to assist the company in determining which production system aligns
best with its production environment, with the goal of creating a long-lasting solution.

In this study, a set of four KPIs was utilized to assess the current production system and the
production scenarios. These KPIs include availability, stock, ease of planning & execution, and
capacity utilization. SKF employees introduced these KPIs at the outset of the project and they
were subsequently employed throughout the duration of the study.

However, it would have been advantageous to discuss the KPIs and their objectives beforehand.
Moreover, analyzing the potential interconnectivity between certain KPIs could have provided
a different perspective on the outcome of the study. It is possible that some KPIs may have a
positive or negative impact on others, and therefore correlates with each other. Additionally, it
is worth noting that some KPIs in this study are quantifiable while others fall more under a
principle or value-based category and cannot be quantified. Capacity utilization, stock, and
availability can all be quantified, whereas ease of planning & execution falls more under a
value-based category. In hindsight, the KPIs could have been named differently, perhaps as
organizational requirements, as they were deemed crucial by SKF.

The first research question aims to gain a better understanding of the current roller production
at SKF. The primary method used for this is VSM. In mapping the current state, the two flows
of RRY4-5 and DRQ?2 are visualized, encompassing all roller dimensions. This approach is
chosen because all rollers can be considered part of the same product family. However,
including all rollers in the VSM might make it overly holistic. For instance, some mean values
need to be calculated when collecting data for the VSMs. Nevertheless, the VSMs provide
substantial insights, and the holistic view can also be advantageous. However, if needing a more
detailed VSM, it is of high interest to consider performing a VSM on more specific roller
dimensions to gain further insights and to see the differences in the results.

By analyzing the current state map and conducting interviews with SKF personnel, RQ2, which
is to identify problem areas in the current situation, is answered. The current state map shows
the need to calculate the takt time for the production system, which is currently not done in
roller production. However, the results have shown that calculating the takt time for the
Simplified Flow might not be as crucial as for the Flexible Flow. For clarification purposes,
takt time always exists in a production system, calculated from customer demand and available
working hours. However, the necessity of calculating and controlling the flow using the takt
time can vary, and, in this case, the Flexible Flow has a higher necessity for controlling the flow
using the calculated takt time than in the Simplified Flow.
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The results for RQ2 also reveal a high level of excess inventory in the system, leading to the
identification of overproduction and excess inventory as another problem area. The current state
map also helps identify transport issues, particularly between R- and D-factories. Regarding the
transport issue, it is currently not possible to avoid transportation between the factories, given
that the necessary resources are located in both factories to produce the rollers and assemble
the finished SRBs. First and foremost, the aspect of transport adds waste to the production
system, making it more inefficient. Furthermore, to minimize pollution and environmental
impact throughout the SKFs production system, it is necessary to consider minimizing the
transport distance, by, for example, manufacturing rollers in one factory. This would not only
contribute to a positive effect on the environment but also bring more simplicity into the
planning of roller production, along with economic benefits.

The insights gained from RQ2 prove crucial in addressing RQ3, specifically in distinguishing
and characterizing the differences between the two production scenarios. Additionally, a
thorough examination of existing literature helps to clarify the theoretical disparities between
the two scenarios. The first scenario, Simplified Flow, is primarily focused on optimizing flow
efficiency, while the second scenario, Flexible Flow, places greater emphasis on resource
efficiency. Furthermore, the scenarios differ in their layout, with Simplified Flow being more
conducive to a line-based layout, and Flexible Flow resembles a functional layout. By
examining the scenarios from a theoretical standpoint, it is possible to present a conceptual
overview of the differences, rather than delving into specifics. By leveraging all the data
collected, it is possible to gain a more practical understanding of how the scenarios would
address the problem areas identified in RQ2, and as the problems derive from the SKF
production system, it enables a theoretical application of the scenarios to the SKF production
system.

Once RQ3 is answered, it is possible to move on to answer the main question of the thesis,
RQ4: What are the main differences between the two proposed production scenarios and how
do they manage the identified problem areas? With both quantitative and qualitative data
derived from answering RQ 1-3, the MCDA, based on all available information, can be
conducted. This will ultimately lead to a recommendation for SKF.

The results from the MCDA show that the Simplified Flow is the highest-performing Scenario.
The main reason for this is its performance in managing the KPIs of availability, stock, and
ease of planning & execution since it is outperforming the other scenarios in those KPIs. The
simplicity contributes to easier management and less complexity to the system but also ensures
a more predictable and controlled production environment. The results further show that
simplicity helps in making the planning process of roller production less dependent on
individual decision-making, it also supports using the ERP system to make recommendations
on planning.

However, the study also identified some vulnerabilities to Simplified Flow, which needs to be
considered as well. First and foremost, when disruptions occur, Simplified Flow’s streamlined
nature makes it vulnerable. Disruptions could occur for multiple reasons, e.g., breakdowns of
machinery. This could lead to significant production delays since there is no way to move
around the disruptions in Simplified Flow. Having the flexibility to handle these disruptions is
considered necessary. Even though disruptions in the flow are generally viewed negatively
when they occur in Simplified Flow, they are forced to be managed, thereby contributing to
continuous improvements and optimizing production.
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Additionally, upon comparing Simplified Flow to Flexible Flow from the results of the MCDA,
it becomes evident that the capacity utilization of Simplified Flow is lower. This suggests that
achieving high levels of capacity utilization in the production system may pose challenges for
Simplified Flow, particularly if customer demand is centered on a single type of roller that is
solely produced in one particular production flow. Consequently, other production flows that
are designated for different types of rollers may remain inactive, as there is no demand for those
specific types. Worth noting, is that even though capacity is being fully used, this does not mean
that it is being used in the most efficient way. If there is no need to produce and machines still
operate and manufacture rollers, this will only contribute to overproduction and excess
inventory.

Building upon the previous discussion about the KPIs and their objectives, and that there could
be some interconnectivity that would have been advantageous to analyze, another effect that
this would give to the study is the possibility of a more in-depth MCDA. If being able to find
how the KPIs relate to each other, or even if they should have been changed to some other KPlIs,
more detailed criteria could have been established, providing further enhancement to the results
from the MCDA.

Based on the interviews conducted, it has been revealed that there could be a potential challenge
with regard to meeting the future demand, which is expected to rise. This could pose a
significant issue as the existing roller production capacity may not be adequate to meet the
needs of the internal customers if they were to assemble the SRB at its maximum pace.
Therefore, it is crucial to consider and devise ways to improve the roller production capacity to
ensure that the production requirements are met adequately in the future. One possible way to
do this is to further reduce the setup times of the resources, which enables SKF to make
improvements in resource uptime, reducing batch sizes and moving further toward continuous
flow in the production system. To further enhance this, implementing aspects from the Flexible
Flow, which has a higher potential to reach an increased total output for rollers, thereby the
reason for not only adapting a fully simplified flow but instead using some form of alternative
routes for the rollers in the system.

Furthermore, in the future, SKF could consider gradually moving towards more flexibility in
terms of coping with unexpected circumstances and disruptions of the resources in production.
As described in the sand cone model in section 3.7.1, Figure 9, adapted from Slack and Lewis
(2015) and Bellgran and Sé&fsten (2010), to achieve flexibility in a production system it is
essential to perform well in the performance objectives of quality, dependability, speed, and
cost, first. Hence, SKF can focus on the other performance objectives first, and the production
system would then naturally be more flexible given the high performance in quality for their
rollers, dependable machinery, speed in the system and an efficient production system focused
on reducing waste and cost. It should be noted that flexibility, in terms of adding more machines
to handle disruptions, is not the same as the performance objective flexibility described by Slack
and Lewis (2015) and Bellgran and Safsten (2010). The flexibility described by the authors is
gained when having an efficient production system, fulfilling the previous performance
objectives, where it is possible to handle changes in demand but also handle disruptions in
production.
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The overall efficiency of a production system heavily impacts the effects on the triple bottom
line aspects; economic, social, and environmental. For the environmental aspect, the production
system should be formed to minimize waste, that way, the production system will utilize less
energy. As mentioned, by reducing transport distance, it is possible to minimize pollution and
environmental impact. Thus, moving toward a more simplified flow, it is possible to achieve a
more sustainable production given the focus on flow efficiency. Moreover, the economic aspect
benefits from achieving a more efficient production system as well. A more efficient system
can lower the costs of transportation and minimize tied-up capital for storage. The social aspect
regards the well-being of the employees, in an efficient production system, with structured and
streamlined processes, it is possible to continuously evaluate and improve the working
conditions for the personnel.
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7. Conclusion

The purpose of this thesis is to identify the most suitable production system for SKF roller
production by evaluating two production scenarios, Simplified Flow and Flexible Flow,
conceptualized by the company. The main research question, “Which of the two proposed
production scenarios for SRB rollers is most suitable for SKF? ", is therefore answered by
primarily getting an understanding of the current situation that SKF and the roller production
are operating in, followed by how respective production scenario manages each identified
problem areas derived from the current state analysis. Finally, a conclusion is made from the
addition of how each production scenario is performing against the four KPIs of availability,
stock, ease of planning & execution, and capacity utilization, with the use of the MCDA.

In Chapter 4, the current situation at SKF is described, where the VSM for the two production
flows of RRY4-5 and DRQ?2 is presented with the six identified problem areas included.
Chapter 5 contains descriptions of the production scenarios, with the Simplified Flow
resembling more of a line layout with a higher focus towards flow efficiency, whereas the
Flexible Flow utilizes a functional layout with a higher focus towards resource efficiency. This
chapter also presents how the production scenarios will address the problem areas outlined in
Chapter 4. The results show that by implementing the conceptualized production scenario of
Simplified Flow, SKF will see a positive reaction to most of the problem areas with the reason
being its ability to reduce lead times, complexity in planning, reduction of batch sizes, and
flexibly meet variations in demand.

Additionally, the MCDA based on interviews and theory is presented to quantitatively calculate
which scenario performs best on the KPIs considered important by SKF. The result from the
MCDA shows yet again that Simplified Flow outperforms both the Flexible Flow and the
current production system.

The main drawback to the Simplified Flow compared to the Flexible Flow is its ability to
manage disruptions in the flow in the sense that the production would have to stop and wait
until the disruption is handled. Also, the Simplified Flow could see potential difficulties in
meeting increasing demand in the future. Because of this, it appears that some degree of
flexibility to the production flow is needed.

The answer to the main research question, “Which of the two proposed production scenarios
for SRB rollers is most suitable for SKF? ", is, therefore, to move towards the Simplified
Scenario, further described below where recommendations to the company are presented.

7.1 Recommendations

A shift from the current production system of rollers towards the Simplified Flow scenario is
recommended for SKF. This should not be mistaken for a direct transition to the scenario, but
instead to move towards the simplicity that the scenario is given with its advantages mentioned
in this study.

The reason for not implementing the Simplified Flow directly is that the production system
needs some degree of flexibility, which the current situation and the Flexible Flow can offer.
Therefore, by moving towards the Simplified Flow, where the roller dimensions do have
specific routes in the production system, alternative routes for the rollers are needed, thereby
utilizing a hybrid solution to accommodate benefits from both production scenarios. These
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alternative routes will work as a safety function, protecting the flow in the system when
disruptions occur or when there is a higher demand on certain roller dimensions.

Further, another recommendation to the company is to question the hybrid format of push and
pull currently used to control the production system, and to fully implement pull-based
principles instead. More specifically, this means that instead of having production orders for
rollers be based on calculations from the ERP system taking forecasts into account, they should
only be based on what is needed from the bearing assembly channels, by utilizing some form
of re-order system, like a re-order point, thereby only producing what is needed, neither more
nor less.

7.2 Further Research

Moving toward Simplified Flow through the establishment of alternative routes necessitates
more in-depth research. This research should focus on determining which roller dimensions
will be assigned to specific flows and which routes will serve as alternatives for each dimension.
Additionally, practical aspects such as production capacity, demand volumes, and other
relevant factors for both roller production and bearing assembly must be considered. It is crucial
to ensure a balanced match between these factors, preventing any one element from outpacing
the others. The assigned routes for each roller dimension must also align with both current and
anticipated production demands to maintain efficiency.

Conducting a future state map for each scenario is also to be suggested as further research,
enabling visualization of the predicted outcome. Establishing this future state map can be done
by answering the 8 steps presented by Rother and Shook (2004). This future state map in
combination with the more in-depth practical aspects, would facilitate a possible simulation of
the outcome of the two production scenarios, further contributing to the decision-making
process. Whether or not it is a simulation, the emphasis should be on putting the chosen strategy
to the test before implementing it over the whole production system. It could be with a detailed
simulation or a practical implementation in one part of the production system. When seeing that
it works properly, a full implementation can be made.

Furthermore, a continued analysis of the KPIs utilized in the study should be conducted, to see
whether any of them are interconnected in some way. This could help in understanding the
effects of the scenarios further.
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Appendix A

Data Scheet when Gathering Data for the Current State Map

Buffer/Storage Process Comments

Number of Operators
C/T Cyecle Time
Process Time

Setup Time

Uptime
Amount Batch Size
Shift, working time

Frequency Where from

Distance Frequency




Qty

Frequency /
Distance

5D

Appendix B

Symbols used in Value Stream Mapping

Supplier or Customer

Internal Process

Shared Process

Data Box

Inventory

Material Movement
(Finished/Raw goods)

Shipment Arrow

Truck Movement

Forklift Movement

Used to identify
suppliers and
customers

Used to identify
major process
steps

Used to identify
shared process
steps

Used to record
relevant data

Used to record
inventory at each
process step

Raw or finished goods
moved from supplier or
to customers

Material moved
between storage and
processes with forklifts

Used to identify shipping
using trucks, from
external supplier and
finished goods deliveries

Used to identify material
movement with forklifts

ipligl
9,0
O

Timeline

Go see production

Operator

———— » Electronic

Information

Used to record value and
non-value added time

Used to indicate data
gathered by measuring
and seeing production
in-person

Used to indicate number
of operators in a
process

Used to indicate
electronic information



Appendix C

Flow Chart of SKF Roller Manufacturing
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