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BACHELOR’S THESIS

Improving Process Efficiency and Workflow Control in
SKF Thailand Bearing Remanufacturing Workshop

Summary

Bearing remanufacturing is an important industrial activity that enables cost-effective and
sustainable life extension of critical mechanical components. SKF Thailand has recently
established a new Bearing Remanufacturing Workshop to support customers with
remanufacturing services for medium-sized and large industrial bearings. As the workshop is
still in an early operational stage, structured workflow control, validated standard times based
on repeated measurements, and job tracking systems are not yet fully implemented.

The purpose of this thesis was to analyse the current remanufacturing workflow at the SKF
Thailand Bearing Remanufacturing Workshop and identify improvement needs related to
workflow control, traceability, and process efficiency. The study was conducted using a case
study approach based on workshop observation, supervisor-guided process walkthroughs,
process mapping, hands-on process simulation, and preliminary activity-level time estimates.

The results showed that the workshop currently lacks validated standard times based on
repeated measurements, centralized job tracking, and formal performance monitoring. The
study also showed that workflow coordination is largely dependent on manual supervision and
that process variability is influenced by differences in bearing size, condition, and repair
requirements. In addition, the physical layout indicates potential for future expansion, but the
current operation lacks structured visual workflow control.

Based on the current state analysis and relevant theory on remanufacturing systems, lean
manufacturing, workflow control, and performance measurement, several improvement needs
were identified. These include the need for a clearer future-state workflow, a simple job
tracking concept, and a basic KPI framework for monitoring lead time, work-in-progress, and
throughput.

The proposed improvements are intended to support increased process transparency,
improved workflow control, and a stronger foundation for future development of the
remanufacturing workshop. Because the study is based on workshop observation, supervisor-
guided process review, hands-on process simulation, and preliminary activity-level time
estimates rather than an extensive production dataset, the proposed improvements should be
regarded as a conceptual basis for future implementation and validation.
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1 Introduction
1.1 Background

Remanufacturing is an industrial process where used components are restored to a condition
that meets defined functional requirements. For industrial bearings, remanufacturing can be a
cost-effective and sustainable alternative to replacement, especially for large and high-value
bearings used in heavy industries. By extending bearing life, customers can reduce material
use and total lifecycle cost [1], [2].

SKF has recently established a Bearing Remanufacturing Workshop in Thailand to provide
local remanufacturing services. The workshop follows SKF’s overall remanufacturing concept,
where used bearings are received, inspected, evaluated, remanufactured where technically
feasible, and finally returned to the customer. The detailed workflow is described later in the
current-state analysis. Since the workshop is in its early phase, it is also developing its internal
planning routines, resources, and equipment setup.

As the workshop is expected to grow, a structured and measurable workflow becomes critical.
Establishing process control early can reduce future inefficiencies and create a stable
foundation for scaling operations [3].

1.2 Problem Description

The main problem identified in the workshop is the lack of structured workflow control and
case visibility. Although the technical remanufacturing process is defined, the local operation
currently lacks validated standard times, centralized case tracking, and systematic
performance monitoring. This makes it difficult to follow job status, identify bottlenecks,
prioritize work, and evaluate lead time performance.

This creates a practical problem for the workshop: without clear standards and tracking, it is
difficult to measure performance, identify bottlenecks, manage priorities, and build predictable
lead times. This results in a limited ability to measure and evaluate operational performance
at a detailed level. If order volume increases, these issues risk becoming more significant and
could reduce throughput and delivery performance.

At the same time, the early phase presents an opportunity: workflow standards, tracking
routines, and KPI monitoring can be designed proactively to support future growth.

1.3 Purpose

The purpose of this thesis is to identify how workflow control at SKF Thailand’s Bearing
Remanufacturing Workshop can be improved in order to increase process transparency,
support more predictable internal process times, and create a foundation for future
performance measurement as production volume increases. The study focuses on how
remanufacturing cases are followed, controlled, and communicated from receiving to
packing, with particular attention to case-status visibility, separation of internal workshop
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time from customer approval waiting time, and basic follow-up of work-in-progress,
throughput, and delivery performance.

1.4 Objectives

The thesis aims to:

1. Map the current internal remanufacturing workflow to identify critical decision points
and deficiencies in the existing manual workflow management.

2. Establish preliminary process time ranges for medium-sized spherical roller bearings
and identify work elements suitable for standardization.

3. Design a future state workflow concept with clear control points that enable efficient
management at the expected production volumes.

4. Develop a prototype concept for internal job tracking as well as a basic KPI
framework to visualize lead time, throughput, and work-in-progress, WIP.

1.5 Scope and Limitations

This study focuses specifically on medium-sized spherical roller bearings, exemplified by
bearing type 241/500 ECAK30/HA1 W33 0001. This product category was selected in
consultation with the SKF workshop supervisor and workshop personnel. The selection was
made because this bearing type represented a relevant medium-sized product within the
workshop’s remanufacturing scope, was available for observation and process simulation
during the study period, and included the main process stages needed for workflow analysis.
By focusing on one selected bearing category, the study could analyse a consistent process
route instead of mixing different bearing sizes with different processing requirements.

The workshop is in an early operational stage with low production volume, meaning that
detailed statistical validation of cycle times is difficult at this stage. The process-time values
used in this study are based on supervisor input, process review, and workshop observations
where remanufacturing activities were studied and timed while two workers processed the
selected bearing route. However, because the observations were limited to a small number of
cases and were not repeated across a large production dataset, the values should be
interpreted as preliminary activity-level processing-time estimates rather than validated
standard times [4], [5]. Full-scale implementation of digital systems, financial analysis of
implementation costs, and integration with SKF’s enterprise systems are outside the scope of
this thesis.
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2 Method
2.1 Research Approach

This study was conducted as a case study at the SKF Thailand Bearing Remanufacturing
Workshop. Case study methodology is widely used in industrial engineering research when
investigating real industrial processes in their operational context [6]. The workshop
represents a suitable case because it is a newly established remanufacturing facility where
workflow control systems and operational procedures are still under development.

Due to the early operational stage of the workshop, the study focused on understanding the
current workflow structure and identifying opportunities for process improvement. The
research therefore combines qualitative process analysis with limited quantitative
observations related to processing time and operational conditions.

The research approach consisted of four main stages. First, the remanufacturing process was
observed through guided walkthroughs and Gemba walks, meaning direct observation where
the work takes place. Second, the workflow was documented and mapped using process
mapping and Value Stream Mapping, VSM, in order to visualize the sequence of process
steps, material flow, and decision points. Third, preliminary time estimates and operational
observations were analyzed to identify workflow challenges and inefficiencies. Finally,
potential improvements were identified to support improved workflow control, transparency,
and future scalability.

Process analysis and workflow mapping are commonly applied methods within industrial
engineering to evaluate production systems and identify improvement opportunities [3].

The process mapping and value stream mapping activities were primarily based on the value
stream mapping approach described by Rother and Shook, where the current state is first
mapped to understand existing material and information flows before a future-state concept is
developed [3].

2.2 Literature Selection

A focused literature review was conducted to support the theoretical framework and the
analysis. The purpose of the literature review was not to conduct a systematic review, but to
identify relevant theory for interpreting the current-state workflow and developing the future-
state improvement concept.

Literature was searched using Google Scholar, the university library database, and general
academic search tools such as ResearchGate. The main search keywords included
“remanufacturing process”, “remanufacturing production planning”, “closed-loop supply
chain”, “value stream mapping”, “lean manufacturing”, “workflow control”, “production control”,
“manufacturing KPIs”, and “key performance indicators in manufacturing”. These keywords
were chosen because they matched the main areas of the thesis: remanufacturing, process

mapping, workflow control, and performance measurement.

The literature was selected based on relevance to the research problem, academic credibility,
and practical applicability to the SKF case. Scientific journal articles were primarily selected

3
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for the remanufacturing context, since they describe the uncertainty, variability, and planning
challenges typical for remanufacturing systems. Established textbooks were selected for lean
manufacturing, value stream mapping, operations management, and production control
because these sources provide well-established concepts and methods used in industrial
engineering. Standards were used where clear definitions of manufacturing KPIs were
needed.

Sources were excluded if they focused mainly on unrelated industries, purely technical bearing
design, financial remanufacturing models, or broad sustainability discussions without
connection to workflow control or process improvement. The selected sources were therefore
used to interpret the current-state findings and to support the development of the future-state
workflow concept, job tracking structure, and KPI framework.

2.3 Workshop Observation

Direct observation was conducted during an extended period of daily visits to the SKF Thailand
Bearing Remanufacturing Workshop spanning two full weeks. As part of the case study, direct
observation was used to understand process behavior, workstation interaction, and workflow
structure in the workshop [6].

The observation consisted of guided walkthroughs conducted by the workshop supervisor, as
well as independent observation sessions where the authors were present throughout the
working day. During these visits, the sequence of process steps, workstation functions,
equipment usage, and material flow were documented continuously. Particular attention was
given to identifying the structure of the workflow, the interaction between different
workstations, and the methods currently used to coordinate workflow activities. The
observation also included documentation of the workshop layout and the arrangement of
equipment used for inspection, disassembly, cleaning, polishing, sandblasting, and assembly
operations.

2.4 Supervisor-Guided Process Review

In addition to direct observation, a structured process walkthrough was conducted together
with the workshop supervisor. During this walkthrough, the supervisor explained each step of
the remanufacturing process in detail.

The supervisor described the procedures used for inspection, disassembly, component
cleaning, damage analysis, and remanufacturing operations. Information was also provided
regarding current operational conditions such as staffing level, order volume, and estimated
process durations.

The workshop is currently operated by two employees. However, only the supervisor was
present during the first observation. During the initial observation, production volume was low
and not all process steps were active at the same time. However, during later workshop
observation, remanufacturing activities were observed and timed while two workers performed
work on the selected bearing route as part of the hands-on process simulation described in
Section 2.7. The supervisor-guided process review was therefore used together with direct
workshop observation to understand the process sequence, activity content, and processing-
time values used in the current-state VSM.
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2.5 Process Mapping

Based on workshop observation and the supervisor-guided walkthroughs, the
remanufacturing workflow was mapped to visualize the sequence of process steps and identify
key decision points. Process mapping is commonly used in manufacturing and lean production
analysis to understand workflow structures and identify inefficiencies in production systems

3].

The detailed process sequence is presented in Section 3.2, while the layout, spaghetti map,
and current-state VSM are presented in Sections 3.4 and 3.8. In the method chapter, process
mapping is therefore only described as the method used to document the workflow, material
flow, and decision points.

2.6 Preliminary Time Data Collection

Because the workshop is in an early operational stage, extensive historical production data
was not available. Therefore, preliminary time data was collected from supervisor input,
process review, and activity-level analysis from the hands-on process simulation. The time
values presented in this study should be interpreted as preliminary reference values for
workflow analysis rather than validated standard times.

Preliminary time estimates were collected for the main process stages and for total job time.
The numerical estimates are presented in Section 3.5 as part of the current state analysis.

Variability in processing time is inherent in remanufacturing systems due to differences in
product condition, wear, and required repair operations [2]. The time values presented in this
study should therefore be interpreted as preliminary reference ranges for workflow analysis
rather than validated standard times. In addition to the general process time estimates, a more
detailed activity-level time mapping was carried out for the selected medium-sized spherical
roller bearing. This mapping was used to establish the direct processing-time values included
in the current-state VSM [3].

2.7 Hands-On Process Simulation and Time Measurement

To supplement the supervisor-provided time estimates and strengthen the empirical basis of
the study, a hands-on process simulation was conducted using a bearing designated for
scrapping. This approach was chosen because no active production order was being
processed during the full observation period, which otherwise precluded direct measurement
of actual remanufacturing operations.

The simulation was carried out daily over the two-week observation period in cooperation with
workshop personnel. The authors directly participated in and timed the following process
activities: unpacking, component cleaning, disassembly and assembly, polishing,
sandblasting, final measurements, demagnetization, and laser marking. Timing was
performed using stopwatches for each individual activity.

Because the simulation was conducted on a scrap bearing rather than on a live customer
order, the results should be interpreted as activity-level processing-time estimates under
controlled conditions rather than fully validated production standard times. However, the

5
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repeated daily observations over two weeks allowed for a more consistent empirical
foundation than single-point supervisor estimates alone. The simulation-derived times are
used as a supplementary source alongside supervisor input to triangulate the preliminary time
values presented in Section 3.5 and used in the current-state VSM.

2.8 Limitations of Data Collection

The main limitation of the data collection was that no active customer remanufacturing orders
were available for full observation during the study period. This meant that repeated time
measurements from live customer cases could not be collected, and the observed activity
times could not be statistically validated as standard times. As a result, the time data should
be interpreted as preliminary activity-level estimates rather than exact cycle times or generally
applicable standard times for all bearing conditions.

A process simulation using a scrap bearing was therefore chosen as a practical method to
observe and time the main remanufacturing activities in the actual workshop environment.
This made it possible to follow the selected bearing route, document the activity sequence,
and estimate approximate processing durations despite the lack of live customer orders.
However, customer orders may differ from the simulated case due to variations in component
condition, contamination level, damage severity, and required repair actions.

Despite these limitations, the combination of supervisor input and direct simulation-based
measurement provided a sufficient understanding of the overall workflow structure, activity
sequence, and approximate processing durations of the remanufacturing workshop.

2.9 Sales and Information Flow Interview

A supplementary meeting was conducted with an SKF representative who has extensive
knowledge about both customer-facing and internal information flow. The meeting was semi-
structured and based on a set of predefined questions, see Appendix 1, covering topics such
as information exchange between Sales, Warehouse and Reman, customer communication,
lead times, future production volumes, staffing, and process ownership.

The purpose of the interview was to gain a deeper understanding of how remanufacturing
cases are initiated, managed, and completed, as well as to identify information handovers,
responsibilities, and potential waiting times throughout the process. The information collected
was essential for mapping the current sales and information flow, validating assumptions
made during the analysis, and providing input for future-state process design.

In addition to the predefined questions, several follow-up discussions and unplanned topics
emerged during the meeting, providing further insights into operational practices and
information management beyond the original interview scope.



Improving Process Efficiency and Workflow Control in SKF Thailand Bearing Remanufacturing Workshop

3 Theoretical Framework

3.1 Remanufacturing Systems

Remanufacturing is an industrial process in which used products are restored to a functional
condition that meets defined performance requirements. The process typically involves
inspection, disassembly, cleaning, repair or replacement of damaged components,
reassembly, and final testing before the product is returned to service [1], [7].

Unlike conventional manufacturing systems, remanufacturing operations often experience
significant variability in the condition of incoming products. Returned products may differ in
wear level, damage mechanisms, and contamination, which leads to variability in processing
time and required repair operations [2], [8]. This variability creates challenges for process
planning and workflow control [5].

Because of this uncertainty, remanufacturing processes typically include multiple inspection
and decision stages that determine whether the product can be remanufactured and which
operations are required. As a result, remanufacturing systems often have more complex
workflow structures than traditional manufacturing systems [8].

3.2 Lean Manufacturing Principles

Lean manufacturing is a widely used approach for improving efficiency and reducing waste in
production systems. The central principle of lean is to maximize value for the customer while
minimizing activities that do not add value to the product [9].

According to lean theory, waste in production systems can be categorized into several types,
commonly referred to as the “eight wastes”. These include overproduction, waiting,
unnecessary transportation, over-processing, excess inventory, unnecessary motion, defects,
and underutilized human potential [9].

In production environments where workflow is not clearly structured, several types of waste
may occur. For example, lack of process visibility may result in excessive waiting time between
operations, while inefficient workstation layouts may lead to unnecessary transportation or
movement.

Lean tools such as value stream mapping are commonly used to analyze workflow and identify
inefficiencies in production systems [3].

3.3 Process Mapping and Value Stream Analysis

Process mapping is an important analytical method used to visualize the sequence of activities
within a production system. By mapping the process flow, it becomes possible to identify
bottlenecks, delays, and inefficiencies in the workflow [3].

One commonly used lean tool for analyzing production processes is value stream mapping.
Value stream mapping illustrates both the material flow and the information flow within a
production system [3]. The method helps distinguish between value-adding and non-value-
adding activities and supports the identification of improvement opportunities.

7
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In manufacturing systems, process mapping is often used as an initial step when analyzing
current workflows before proposing improvements.

3.4 Workflow Control and Production Management

Workflow control refers to the management of work orders as they move through a production
system. Effective workflow control enables organizations to monitor job status, coordinate
work between stations, and maintain balanced workloads across the production system [4].

In many production environments, workflow control is supported by digital tracking systems
that record the status of each job as it progresses through different stages of the process.
These systems provide visibility of work-in-progress and allow managers to identify
bottlenecks or delays in real time [5].

In smaller production environments or newly established operations, workflow control may
instead rely on manual tracking methods such as job cards, spreadsheets, or visual
management boards. However, as production volume increases, more structured tracking
systems are typically required to maintain efficient operations.

3.5 Performance Measurement and Key Performance
Indicators

Key performance indicators are widely used in production systems to monitor operational
performance and support continuous improvement. By measuring relevant performance
indicators, organizations can evaluate how efficiently production resources are utilized and
identify opportunities for improvement [10].

Common KPIs used in manufacturing environments include cycle time, process time, work-in-
progress levels, productivity, and on-time delivery performance [11]. These indicators provide
insight into workflow efficiency and system performance [5].

Monitoring KPlIs is particularly important in remanufacturing operations where process
variability may affect process time and throughput. By tracking performance metrics over time,
organizations can better understand process behavior and support data-driven decision-
making. These theoretical concepts provide the analytical foundation for evaluating the current
workflow, identifying inefficiencies, and supporting the development of a future-state process
for the SKF remanufacturing workshop.

3.6 Use of Theory in the Analysis

The theoretical framework is used as an analytical basis for interpreting the current-state
findings and developing the future-state proposal. Remanufacturing theory is used to explain
why process variability and inspection-based decision points are expected in the workshop.
Lean manufacturing and value stream mapping are used to analyze material flow, information
flow, waiting time, and visual control needs. Workflow control theory is used to evaluate the
lack of centralized case-status visibility and the need for clearer control points.

KPI theory is used to structure the proposed performance indicators and distinguish between
internal workshop performance and external customer waiting time. In the analysis, these

8
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concepts are applied directly to the SKF case. The current-state VSM is used to identify where
processing time is concentrated, while the future-state concept applies workflow control and
KPI principles to make the process more visible, measurable, and easier to manage.
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4 Current State Analysis

4.1 Overview of Current Workshop Operations

Before describing the current workshop operations, the studied product should be clarified.
The selected product in this thesis is a medium-sized spherical roller bearing, represented
by bearing type 241/500 ECAK30/HA1 W33 0001. A spherical roller bearing consists of
several main components, including an inner ring, an outer ring, two rows of rolling
elements, a cage, and a guide ring. During remanufacturing, these components are
disassembled, cleaned, inspected, repaired where possible, measured, washed, and
assembled again.

The selected bearing type was suitable for the current-state analysis because it included the
main remanufacturing activities performed in the workshop. This made it possible to study a
complete workflow route within the scope of the SKF Thailand Bearing Remanufacturing
Workshop.

Figure 4.1 — Bearing in active process. Source: Author based on workshop observation.

At the time of the study, the workshop was operated by two employees, with plans to expand
the workforce as production volume increases.

Production activity is currently limited, with relatively few incoming orders during the initial
phase of operation. According to the workshop supervisor, approximately five remanufacturing
orders had been received at the time of this study. As a result, the workshop currently
experiences periods of idle time and has limited historical production data available for
performance analysis.

The long-term production capacity of the workshop is estimated to be approximately 145
remanufactured bearings per year, including all different sizes. However, the current
production volume is significantly lower, around a total of 35 bearings by the end of this year,
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meaning that many operational routines and workflow practices are still under development.
Several workflow-control elements are still under development, including validated standard
times, centralized job tracking, and structured performance monitoring [4].

4.2 Current Remanufacturing Process Flow

The remanufacturing workflow observed at the workshop consists of a sequence of operations
designed to restore used bearings to a functional condition. The general process starts when
a bearing is received from the customer, registered, unpacked, and prepared for inspection.
The bearing then undergoes pre-cleaning in order to remove surface contamination before the
first measurement and assessment activities are performed.

For the selected medium-sized spherical roller bearing, the mapped current-state route begins
with photo documentation and registration, followed by unpacking, pre-cleaning, clearance
measurement, and disassembly. Disassembly separates the bearing into its main
components, making them accessible for cleaning, measurement, and detailed inspection.
This means that inspection occurs in more than one stage. Initial documentation, pre-cleaning,
and clearance measurement support the early assessment of the bearing condition, while the
detailed inspection after disassembly and component cleaning provides the basis for the
repairability decision.

During the inspection and damage evaluation stage, the bearing components are examined
to identify wear, corrosion, deformation, surface damage, or other damage mechanisms.
Visual inspection and detailed inspection are used together with measurements to determine
whether the bearing can proceed to remanufacturing. The inspection result is documented in
an inspection report, which forms the basis for the repairability decision and quotation process.

In the course of disassembly and assembly, practical risks are present. Handling is often
performed using a C-hook, which introduces a risk of dropping or losing control of the bearing
during lifting and movement which could result in personal injury or damage to the components
if safety standards are absent. There is also a risk that the rollers may fall out if not removed
carefully. A protective cover is placed over the bearing when it is not being actively worked on
to prevent damages from external sources such as contamination.

If the bearing is not approved for remanufacturing, the customer is informed and the bearing
is returned. If the bearing is approved, the inspection report and quotation are sent through
Sales to the customer. The remanufacturing process is released after customer approval. This
customer approval stage is treated separately from internal workshop processing time
because it is mainly dependent on customer response time rather than workshop capacity.

After customer approval, the bearing proceeds to the remanufacturing operations. These
operations include polishing of raceways and rollers, cage sandblasting, and guide ring
sandblasting or polishing where required. The exact work content depends on the condition of
the components and the required repair actions.

After the remanufacturing operations are completed, the components undergo final
measurement. This includes measurement of the inner ring, outer ring, and rollers. The
components are then washed again before the bearing is assembled. After assembly, final

11



Improving Process Efficiency and Workflow Control in SKF Thailand Bearing Remanufacturing Workshop

operations are carried out, including laser marking, demagnetization, wrapping and
preservation, and packing.

The detailed route used in the current-state value stream map is therefore:

Receiving / photo registration — Unpacking — Pre  -cleaning — Clearance measurement —
Disassembly —Component cleaning —Inspection and damage evaluation —Inspection report
/ repairability decision — Customer approval — Remanufacturing operations — Final
measurement — Component washing — Assembly — Laser marking —Demagnetization —

Wrapping and preservation —Packing.

This detailed route is used as the basis for the current-state VSM presented in Section 3.8 [3].
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Figure 4.2 — Current remanufacturing process flow at the SKF Thailand Bearing Remanufacturing Workshop.
Source: Author based on workshop observation.

12



Improving Process Efficiency and Workflow Control in SKF Thailand Bearing Remanufacturing Workshop

4.3 Inspection and Damage Evaluation

Inspection is a critical part of the remanufacturing process because it determines whether a
bearing can be restored to an acceptable functional condition [1]. In the mapped workflow,
inspection is not limited to one single activity. Instead, inspection occurs in several stages,
beginning with initial documentation and basic assessment and continuing later with detailed
component inspection after disassembly and cleaning. The first inspection-related activities
occur when the bearing is received, photographed, registered, pre-cleaned, and measured.
Clearance measurement is used to assess the initial condition of the bearing before
disassembly.

These early activities help the workshop understand the general condition of the bearing and
prepare it for further evaluation. After disassembly and component cleaning, a more detailed
inspection and damage evaluation is performed. At this stage, the individual bearing
components are examined to identify damage such as corrosion, abrasive wear, adhesive
wear, indentation from particles, overheating, deformation, surface fatigue, cracks, or other
visible and measurable defects. Visual inspection is combined with dimensional checks in
order to evaluate the condition of the inner ring, outer ring, rollers, cage, and guide ring. The
inspection and damage evaluation stage provides the technical basis for the repairability
decision. Based on the severity and type of damage, the bearing may be classified as suitable
for remanufacturing, conditionally suitable depending on required repair actions, or not
suitable for remanufacturing.

According to SKF personnel, approximately 80% of inspected bearings are normally approved
for remanufacturing. If the bearing is not approved, the customer is informed and the bearing
is returned or handled according to the agreed customer decision. For bearings that are
approved, the inspection findings are documented in an inspection report. This report supports
the quotation process and is sent through Sales to the customer. The report and quotation
stage is therefore both a technical and informational control point in the workflow. The
remanufacturing process is released only after customer approval has been received.

Although the mapped current-state route did not indicate significant internal waiting time
between workshop steps, inspection and approval may still become waiting points in larger or
more complex cases, especially when additional assessment, customer input, or external
decision-making is required. The customer approval stage is particularly variable, as response
time can range from approximately one week to several months. This makes the inspection
report and approval loop one of the most important information-related sources of process
time uncertainty in the current workflow [5].
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4.4 Workshop Layout and Material Flow

The physical layout of the workshop was documented during the initial workshop walkthrough,
while the material flow was observed during repeated workshop visits. The layout consists of
several workstations arranged along one side of the workshop floor, where the main
remanufacturing operations are performed.

As illustrated in Figure 4.9 the workshop includes dedicated areas for inspection, disassembly,
cleaning, polishing, sandblasting, assembly, and final inspection. Bearings move between
these workstations as they progress through the remanufacturing process.

The general material flow follows a line-route with stations on each side through the workshop.
Bearings are first received, registered, pre-cleaned, and initially measured before moving
toward disassembly and component cleaning. After cleaning, the components proceed to
detailed inspection, damage evaluation, and subsequent remanufacturing operations such as
polishing and cage sandblasting.

A notable characteristic of the current layout is that a large portion of the available workshop
floor area remains unused. This suggests that the layout has been designed with future
production expansion in mind rather than the current operational volume. The available space
provides flexibility for installing additional workstations or equipment as the remanufacturing
operation grows.

However, the current layout also indicates that workflow coordination relies primarily on
manual supervision rather than structured visual workflow management systems. As
production volume increases, clearer workflow control and workstation coordination may be
required to maintain efficient material flow through the workshop [3].
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Figure 4.4 — Current layout of the SKF Thailand Bearing Remanufacturing Workshop. Source: SKF Thailand.
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To further visualize the physical movement of bearing components through the workshop, a
spaghetti map was created based on the observed layout and mapped process route. The
map illustrates how components move between cleaning, inspection, measurement, polishing,
sandblasting, assembly, and packing-related areas. It also highlights that several component
flows return to the inspection/waiting area before continuing to the next operation. This
supports the material-flow analysis by showing where movement paths become complex and
where clearer routing or visual control may be useful as production volume increases [3], [12].
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Figure 4.5 — Spaghetti map of material movement in the SKF Thailand Bearing Remanufacturing Workshop.
Source: Author based on workshop observation.

4.5 Preliminary Process Time Observations

Preliminary time information was collected from two sources. First, SKF personnel provided
experience-based lead-time estimates for different bearing sizes. Second, the authors
conducted direct activity-level time measurements during the two-week observation period, as
described in Section 2.7. These measurements were used alongside supervisor input as a
supplementary empirical reference for the activity-level processing times presented in this
section and in the current-state VSM.

First, estimated overall remanufacturing times were provided by SKF personnel during the
process walkthrough. Based on SKF estimates, total remanufacturing time varies by bearing
size: approximately 7 working days for small bearings, 14 working days for medium-sized
bearings, and up to 20 working days for large bearings. These values include both processing
time and waiting time between stages and should therefore be interpreted as experience-
based estimates rather than measured standard times. Second, a more detailed activity-level
time mapping was carried out for the selected medium-sized spherical roller bearing. During
workshop observation, remanufacturing activities were timed while two workers performed
work on the selected bearing route. These observed activity times were then used together
with process review information to build the current-state VSM.
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In this mapping, individual process activities were assigned activity-level processing-time
estimates in minutes based on the workshop observation, process walkthrough, and available
process knowledge. The summed direct processing-time estimate for the mapped current-
state route was 4 932 minutes, corresponding to approximately 82.2 hours or 10.3 working
days, assuming an eight-hour working day. The difference between these two time values is
important. The 7, 14, and 20 working-day values represent SKF personnel’s overall lead-time
estimates for different bearing sizes, while the 4 932-minute value represents the detailed
direct processing content for the selected medium-sized bearing route.

The detailed processing time excludes customer approval waiting time and internal transfer
time between stations. Internal transfers were estimated at approximately 2—6 minutes per
movement. No significant internal waiting time or changeover time was identified during the
current-state mapping.

However, customer approval after the inspection report and quotation can vary from
approximately one week to several months and is therefore treated separately from internal
workshop processing time. Because the workshop is still in an early operational stage and the
time data is based on limited observations, the values should be interpreted as preliminary
process-time data rather than fully validated standard times [5]. For the future-state workflow,
this means that defined WIP and storage areas, together with basic 5S routines, are needed
to separate bearings awaiting customer approval from approved and active work.

4.6 Current Information Flow

As previously mentioned, the current workflow includes an inspection decision and a customer
approval gate. From an information-flow perspective, the main actors are Sales, Warehouse,
Reman, and the workshop supervisor. Case information is mainly transferred through manual
communication and email, while customer approval is received through Sales before the
remanufacturing process is released.

The case is finally closed through delivery confirmation. A key weakness in the current
information flow is that there is no centralized case-status system [4]. Case status is therefore
dependent on manual communication between Sales, Warehouse and Reman. Customer
updates are mainly provided during quotation and delivery, while the customer approval time
can vary from approximately one week to several months. This approval stage is treated
separately from the internal workshop processing time because it is controlled mainly by
customer response time rather than by workshop capacity. However, this waiting time affects
the lead time of the individual case rather than necessarily stopping all workshop activity. If
other approved cases are available, the workshop can continue processing those cases while
one case is waiting for customer approval.

4.7 Current-State Value Stream Map

As previously mentioned, the selected medium-sized bearing route has a total measured
internal operation time of approximately 4 932 minutes, excluding customer approval waiting
time. In the current-state VSM, this time is visualized together with the material and information
flow to show where operation time is concentrated in the workshop.
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The map also includes internal transfer times between stations. These transfer times vary
between 0 and 16 minutes depending on the movement required between process steps. In
addition, the remanufacturing operations stage includes 11 minutes of internal component
transport related to the movement of the inner ring, outer ring, rollers, cage, and guide ring.
The total internal transport time in the mapped flow is therefore 80 minutes, consisting of 69
minutes between stations and 11 minutes within the remanufacturing operations stage.

No significant internal waiting time or changeover time was identified during the mapping.
However, the customer approval step represents a major external information-flow delay for
the individual case, ranging from one week to several months. This waiting time is not
controlled by the workshop and is therefore shown separately from the internal operation time.
It should be interpreted as case-level waiting time rather than a full workshop stoppage, since
other approved cases may continue through the workshop during this period.

When the direct processing time and internal transport time are combined, the nominal internal
process time excluding customer approval is approximately 5 012 minutes, corresponding to
about 83.5 hours. This means that the main internal bottleneck is processing-related,
especially within polishing and sandblasting, while the main end-to-end case time uncertainty
is information-related and connected to customer approval.

For the comparative VSM calculation, the current-state internal process time of 5012 minutes
is used as the internal baseline. Since customer approval can vary from one week to several
months, one working week is used as a conservative current-state reference value for
customer approval waiting time in the comparison.

4.8 Current Operational Challenges

The current-state analysis identified four main operational challenges: lack of validated
standard times, absence of centralized job tracking, limited historical production data, and high
process variability due to differences in bearing condition and repair requirements. These
challenges reduce the workshop’s ability to measure performance, prioritize work, and identify
bottlenecks systematically [4], [5]. The implications of these challenges are analyzed further
in Chapter 5
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Figure 4.6 — Current-state map at the SKF Thailand Bearing Remanufacturing Workshop. Source: Author based
on workshop observation.
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5 Identified Improvements

5.1 Process Transparency and Workflow Visibility

The current workflow relies heavily on supervisor knowledge, email communication, and
manual coordination, with no centralized job tracking or visual case-status system. This is a
significant structural weakness. According to Slack and Brandon-Jones, effective production
control requires the ability to monitor job status continuously as work moves through the
system [4]. Without this, the workshop has no systematic way to detect delays, identify
bottlenecks, or coordinate handoffs between stations [5]. From a lean perspective, this directly
enables two forms of waste: waiting between operations and unnecessary movement caused
by unclear priorities [9]. As volume grows, the risk associated with this gap grows
proportionally.

This weakness is especially important in the quotation and customer approval stage, where
the waiting time can vary from one week to several months and is not currently visible through
a centralized case-status system. This makes case-status visibility important, since the
workshop needs to distinguish between cases waiting for customer approval, cases approved
for remanufacturing, and cases currently being processed.

5.2 Process Variability in Remanufacturing

Unlike conventional manufacturing, remanufacturing operates on incoming products of
unknown condition, which makes process variability inherent rather than exceptional [2], [8],
[14]. Guide Jr. identifies this uncertainty as the defining operational challenge in
remanufacturing systems, necessitating inspection-based decision points that standard
production planning tools are not designed to handle [8]. At the workshop, this variability
currently flows through the process unmanaged, there are no defined routing rules for different
condition levels, and no mechanism to flag or prioritize jobs based on complexity. This means
variability does not just affect individual operation times; it also prevents any meaningful
benchmarking or planning at the system level.

5.3 Lack of Validated Standard Times

The absence of validated standard times based on repeated measurements has a cascading
effect across operations management. Parmenter notes that KPIs are only meaningful when
based on consistent, reliable measurements [10]; without standard times, metrics such as lead
time efficiency or throughput cannot be calculated with any confidence. More practically, Slack
and Brandon-Jones argue that standardized work content is a prerequisite for workload
balancing and scheduling [4]. The preliminary estimates currently used provide a directional
understanding, but they cannot substitute for validated standards [11], [15]. Establishing even
basic time ranges per process stage and bearing category would be a low-cost first step that
unlocks the ability to plan, measure, and improve.
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5.4 Layout and Material Flow Considerations

The workshop layout is physically sufficient for current operations and provides space for
future scale. However, the layout lacks visual workflow structure, such as designated WIP
zones, visual routing indicators, and status boards. Rother and Shook argue that visual
management is essential for making the state of a production system immediately readable
without requiring verbal communication [3]. In a two-person workshop, this may seem
unnecessary, but establishing these systems now, before volume increases, is significantly
easier than retrofitting them later. The layout should be treated as an opportunity to design
visual control into the process from an early stage [3].

5.5 Summary of Identified Improvement Areas

The four areas above are interconnected rather than independent. The lack of validated
standard times prevents reliable KPI measurement. The absence of job tracking prevents
workflow visibility. Unmanaged process variability makes both planning and prioritization
unreliable. And the layout, while spacious, currently reinforces manual coordination rather than
structured control. Taken together, these gaps point to a single underlying need: a lightweight
but structured operational framework that introduces traceability, basic standards, and visual
control, designed to be simple enough to implement at current volume while scalable enough
to support future growth [3], [4], [5].
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6 Future-State Workflow Concept
6.1 Purpose of the Future-State Concept

The purpose of the future-state workflow concept is to create a more structured, visible, and
scalable workflow for the workshop. The current-state analysis showed that the workshop has
an established technical remanufacturing process, but that workflow control still depends
heavily on manual coordination, supervisor knowledge, and communication between Sales,
Warehouse, and Reman.

The future-state concept is therefore not intended to redesign the technical remanufacturing
process itself. Instead, it focuses on improving how each remanufacturing case is controlled,
followed up, and made visible throughout the process. This aligns with lean thinking, where
improvement should focus on making the full value stream visible and reducing non-value-
adding activities such as waiting, unclear handoffs, and unnecessary movement [3], [9].

The concept is designed to be simple enough for the current low-volume operation, while also
being scalable for higher production volumes in the future. This is important because workflow
control becomes increasingly important as more jobs move through the system and more
coordination is required between different functions [4].

The main aim of the future-state workflow is to create clearer control points, improve case
visibility, separate internal workshop process time from external customer waiting time, and
support future KPlI measurement. This is especially important because the current-state VSM
showed that the main internal processing bottleneck is connected to remanufacturing
operations, especially polishing and sandblasting, while the main end-to-end lead-time
uncertainty is connected to the customer approval stage [5].

The future-state concept should therefore be understood as a conceptual design proposal. It
has not been pilot-tested in daily operation, and its purpose is to provide SKF with a structured
starting point for future implementation and validation.

6.2 Design Principles for the Future State

The future-state workflow concept is based on five main design principles.

First, each remanufacturing case should be assigned a unique case identity. This case identity
should follow the bearing from the first customer contact to final packing and delivery
confirmation. A clear case identity makes it easier to connect information from Sales,
Warehouse, and Reman to the same job. This supports workflow control by making job status
easier to monitor as work moves through the system [4].

Second, the workflow should include defined status updates at important control points.
Instead of relying mainly on verbal communication or individual knowledge, the case status
should be visible in a shared tracking system, spreadsheet, or visual workflow board. Visual
workflow control is consistent with lean principles because it makes the state of the process
easier to understand and supports faster identification of abnormalities or delays [3], [9], [16].

Third, internal workshop process time should be separated from external customer waiting
time. The current-state analysis showed that customer approval after the inspection report and
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quotation can vary from one week to several months. This time is mainly controlled by the
customer response and should therefore be tracked separately from internal workshop
performance. Separating these time categories makes performance measurement more
reliable, since internal process efficiency should not be evaluated using delays that are mainly
externally controlled. This waiting time affects the lead time of the individual case, but it does
not necessarily stop workshop activity if other approved cases are available for processing.

Fourth, the future-state workflow should give special attention to the remanufacturing
operations stage. In the current-state VSM, this stage accounted for 2,380 minutes of the total
direct processing time, making it the largest internal processing-time contributor. Tracking this
stage separately makes it easier to monitor bottlenecks and capacity needs. This is especially
relevant in remanufacturing, where product condition and repair requirements vary between
jobs and create uncertainty in routing and processing time [8].

Fifth, the proposed workflow should remain lightweight. Since the workshop is still in an early
operational phase, the future-state concept should first be possible to implement using simple
tools such as Excel, a shared case tracker, job cards, or a visual board. More advanced digital
integration can be considered later if production volume increases. This staged approach is
suitable because performance measurement systems should be practical, understandable,
and connected to the organization’s actual decision-making needs [10], [11].

6.3 Proposed Future-State Information Flow

As part of the future-state information flow, a conceptual digital case-status view is proposed.
The purpose is to make case information visible to both SKF and the customer and reduce
dependence on manual email communication. The concept is not intended as a fully
developed digital system, but as a simple visualization of how information could be structured
in a future tracking solution. This supports workflow control by making job status easier to
monitor as cases move through the process [4].

The overall logic of the proposed order tracking concept is shown in Figure 6.1. The concept
is based on a central SKF system that connects customer actions, SKF worker actions, order-
status updates, and notifications. Customer actions may include submitting information or
approving a quotation, while SKF worker actions may include updating the order status,
uploading files, and adding quotation documents.
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Figure 6.1 — Conceptual information-flow logic for the proposed order tracking system. Source: Author.

In the proposed customer view, the customer would be able to access the case using an order
number, as illustrated in Figure 6.2. The customer view shown in Figure 6.3 would show the
current order status, uploaded photos, documents, quotation information, and required
customer actions. The customer needs to enter an email address to receive notifications when
updates or actions are required. If the customer does not respond within a defined time, the
system could trigger a reminder notification before the case is delayed further or closed.

SCREEN1— ENTRY POINT

Q Track your order

Order number

1234567899

Track order > & Login (SKF)

Enter your order number to view status, or log in as an SKF worker.

Figure 6.2 — Conceptual customer entry point for order tracking. Source: Author.
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SCREEN 2 — CUSTOMER VIEW

@ Order #1234567899  inprogress

© Order status | Pictures 8 Your info
@ Pick up Name
1

8

@ Inspection Somchai P.

1
@ Repair process =) N Phone
081-234-5678
Transport

Email (for notifications)
B Documents

somchai@email.com
D Quotation.pdf

D Inspection_report.pdf Save email 7

® Action needed

Please approve the quotation to
proceed with repair.

Approve Decline

Figure 6.3 — Conceptual customer view of the order tracking webpage. Source: Author.

In the proposed SKF view, authorized SKF personnel would be able to see the information
submitted by the customer, the current case status, uploaded files, photos, quotation
documents, and inspection reports, as shown in Figure 6.4. The system is therefore intended
to function not only as a workflow-control tool, but also as a centralized order-documentation
platform. Depending on role and responsibility, SKF personnel would be able to update the
order status, upload documents, record key process events, and export case data to Excel for
KPI follow-up. This would create a shared information base between Sales, Warehouse,
Reman, and the customer. Although the concept was initially developed and intended to only
support workflow control, it could also function as a broader order-documentation platform and
provide structured data for KPI follow-up.

25



Improving Process Efficiency and Workflow Control in SKF Thailand Bearing Remanufacturing Workshop

SCREEN 3 — SKF WORKER VIEW

2 Order management  staffonly

Customer info Update order status Upload files
sp Somchai P. @ Pick up done & +
081-234-5678 .
@ Inspection done
8 somchai@email.com @ Repair process active

O Quotation.pdf
Transport

Order # 2 Upload

1234567899 > Mark next step

Role permissions

Update status Upload files

Actions visible based on worker
role.

Figure 6.4 — Conceptual SKF internal view of the order tracking webpage. Source: Author.

This is important because customer approval can create long waiting time for the individual
case, while other approved cases may still continue through the workshop. A shared case-
status view would therefore help SKF distinguish between cases waiting for customer
approval, cases approved for remanufacturing, and cases currently in process.

6.4 Proposed Future-State Material Flow

The proposed future-state material flow is based on the same technical process as the current-
state flow. The purpose is not to redesign the remanufacturing process itself, but to make the
flow easier to follow, control, and update as the bearing moves through the workshop. The
current-state analysis showed that the workshop already has a defined technical process, but
lacks centralized job tracking and visual workflow control [3], [4].

To make the workflow easier to manage, the detailed process steps are grouped into broader
workflow stages. These stages correspond to the main control points used in the proposed
digital case-status system:

e Receiving / registration and unpacking

e Pre-cleaning and clearance measurement

e Disassembly and component cleaning

e Inspection, damage evaluation and report

e Customer approval gate

e Remanufacturing cell

e Final measurement and component washing

e Assembly
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e Laser marking and demagnetization
e Wrapping and packing

Each stage should be updated in the digital case-status system when completed [4]. This
makes it possible to log progress, maintain traceability, and keep Sales, Warehouse, Reman,
and, where relevant, the customer updated on the current status of each bearing case. Instead
of relying mainly on verbal communication or individual knowledge, the status of each case
would be visible through the tracking system. Figure 6.5 illustrates how the future-state
material flow could be represented in the proposed order tracking system. The system shows
which stages are completed, which stage is active, and which stages are still pending. This
creates a direct connection between the physical movement of the bearing and the digital
information flow.

WT  SKF portal / Order tracker « Allorders
SKF-1001 & SsomchaiP. - 081-234-5678 — 4/10
9 1. Receiving, registration and unpacking v Completed v

2. Pre-cleaning and clearance measurement v Completed v

3. Disassembly and component cleaning « Completed v

T 4. Inspection, damage evaluation and report v Completed A
0]

& WanchaiT. & 13 May, 09:00

Raceway pitting found on outer ring. Rolling elements show normal wear. Report generated.

@ View report

5. Customer approval gate @ Awaiting customer A
A — [ Sent13May
Quotation sent to customer. Awaiting approval before proceeding with remanufacturing.

= Resend quotation 2 + Mark as approved
6. Remanufacturing cell — Pending A~
A— @-

Outer ring replacement and raceway grinding, Awaiting customer approval to begin

~ Mark complete

7. Final measurement and component washing — Pending v

8. Assembly — Pending v
9. Laser marking and demagnetization — Pending v
10. Wrapping and packing — Pending v

Figure 6.5 — Conceptual stage-based case tracking view for the future-state material flow. Source: Author.

The customer approval gate is shown as a separate stage because the bearing cannot
continue into remanufacturing before approval has been received. However, this waiting time
only affects the individual case. Other approved cases can still continue through the workshop.
This is why the future-state flow should clearly distinguish between cases that are waiting for
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customer approval, cases that are approved for remanufacturing, and cases that are currently
in process.

The remanufacturing cell remains the most important internal control point. In the current-state
VSM, remanufacturing operations account for 2,380 minutes of the total direct processing
time, making this the largest internal processing-time contributor. Therefore, this stage should
be tracked separately in the future-state system so that SKF can follow whether a case is
waiting, active, or completed in the remanufacturing cell.

The main improvement in the future-state material flow is therefore not a change in the
technical sequence, but a change in how the flow is controlled. By updating each stage in the
system, SKF can create better visibility, clearer handoffs, and a stronger basis for future KPI
measurement. The proposed material flow also supports controlled WIP, since each case can
be classified as completed, active, pending, or awaiting customer action [5].

The future-state material flow and the proposed digital status updates are combined in the
future-state VSM presented in Section 6.5. The map shows how the grouped process stages,
customer approval gate, digital case-status platform, and remanufacturing cell are connected
in one future-state workflow.

6.5 Future-State Value Stream Map

The future-state VSM combines the proposed information flow, grouped material-flow stages,
customer approval gate, digital case-status platform, and remanufacturing cell into one
workflow concept [3], [12]. The map builds on the current-state VSM presented in Section 3.8,
but focuses on improved workflow control rather than redesigning the technical
remanufacturing sequence.

Repart + Quatation -

Case Control Customer Approval Customer

Digital Case-Status Platform /| _____mm===TTTTT
Production Control R S o ) i
| B = Customer Approval by Portel / Email |
* External waiting time !
|
|

I
) o 1 wesk to sevarel months

ottt [10 vyt
Rereresio Pekng
= F/oe

P 10l i PT- 239 min

1= 2380 i)
20 mn
o bt ||e
167mn ||+

* Reller ns, 2 picking +-.vooinn. (67 min ||
* Cane irg - o AR min

* Grading machining / pobiching.... 228 min ||+
S T P e L oy

| KPI: MEASUREMENT POINTS

* Internal lead time ®

* Customer approvel time @

* Cases awaiting customer opproval @

* Total case leod time ©
i waitis

& min 7 min 23 min @ min 0 min i5 min 14 min 2 min 0 min

Prociasing e {7 47 min 52 min 863 min 480 min i 2,380 e 842 min 129 min 11 i

KPI: Internal time
(Receiing o Packing, exl, customer approve)

KPL: Total case time
(Receiving to delivery confirmation)

h

* Remanufacturing cell time

L]
|+ On-time delivery (% within lead time) @

___________________

EXPECTED VSM IMPROVEMENT

Current-state total case time: 7,412 min

Future-state total case time: 6,452 min

Reduction: 960 min_| Expected improvement: 13.0%

Figure 6.6 — Future-state value stream map for the SKF Thailand Bearing Remanufacturing Workshop. Source:
Author based on current-state analysis and future-state workflow concept.
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The future-state VSM shows that the main improvement is increased visibility and control of
the workflow. The digital case-status platform connects customer communication, approval
status, and internal process updates. The customer approval gate is separated as external
case-level waiting, while the remanufacturing cell remains the main internal bottleneck. This
makes it easier to prioritize approved cases and follow up internal workshop performance [4],
[5]. The future-state map should therefore be interpreted as a conceptual workflow-control
proposal rather than a validated future operating condition.

To quantify the expected effect of the future-state VSM, a comparative case-time calculation
was made. In the current state, the nominal internal process time is 5 012 minutes, excluding
customer approval time. One working week is used as a conservative reference value for
current-state customer approval waiting time, corresponding to 2400 minutes based on an
eight-hour working day. This gives a current-state total case time of 7 412 minutes.

In the future-state VSM, the technical remanufacturing sequence is assumed to remain
unchanged. The expected improvement is therefore not based on reduced technical operation
time, but on improved workflow control, clearer case-status visibility, and structured follow-up
of customer approval. Based on this, the future-state concept assumes a defined customer
response limit of three working days after the quotation has been sent. If no approval is
received withing this period, the case should be returned, paused or closed according to a
defined routine instead of remaining indefinitely in the workshop flow. The customer approval
waiting time in the future-state calculation is therefore limited to three working days,
corresponding to 1440 minutes. This gives a future-state total case time of 6 452 minutes.

The expected reduction is therefore calculated to 960 minutes, which corresponds to an
estimated total case-time improvement of approximately 13%. This percentage should be
interpreted as a qualified estimate based on the future-state assumptions, since the proposed
workflow concept has not yet been tested.
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7 Job Tracking and KPI Framework

7.1 Purpose of Framework

The purpose of the proposed job tracking and KPI framework is to make the future-state
workflow measurable and easier to manage. Chapter 6 proposed a future-state workflow
based on digital case-status visibility, grouped workflow stages, and clearer control points.
This chapter defines how SKF could follow up that workflow through basic job tracking and a
limited set of KPls.

The framework is not intended as a full digital implementation. Instead, it provides a practical
structure for what information should be recorded and how the workshop could begin
measuring performance. This is important because effective workflow control requires visibility
of job status, work-in-progress, and progress through the production system [4]. In addition,
KPls should be based on consistent and useful measurements rather than data collection for
its own sake [10], [11].

7.2 Proposed Job Tracking Structure

Each remanufacturing case should be assigned a unique case ID when the order is created.
The case ID should connect all relevant information throughout the workflow, including
customer information, bearing type, uploaded documents, inspection report, quotation status,
customer approval, current process stage, and completion dates [4].

The proposed job tracking structure should include the following fields:
Table 7.1 — Proposed job tracking structure

Tracking field Purpose

Case ID / order
number Identifies the remanufacturing case

Customer name Connects the case to the customer

Bearing type /
size Supports classification and future comparison

Date received Starts internal process-time tracking

Current workflow

stage Shows where the case is in the process

Case status Shows whether the case is active, completed, pending, or awaiting customer
Responsible

function Shows whether Sales, Warehouse, Reman, or customer action is required
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Inspection report
status Shows whether the technical report is completed

Quotation status Shows whether the commercial offer has been sent

Customer
approval status  Separates customer waiting from internal workshop time

Remanufacturing
start date Starts tracking of approved repair work

Remanufacturing
completion date  Shows when the main repair stage is completed

Packing date Marks completion of the internal workshop flow
Delivery
confirmation Closes the case

This structure supports the future-state concept by linking each physical process stage to a
visible case status. It also creates the data foundation needed for later KPI measurement [10],
[11].

7.3 Case Status Categories

To keep the system simple, each case should use a small number of status categories. The
proposed categories are:

Table 7.2 — Proposed status categories

Status Meaning

Pending The case exists but is not yet active in the current stage

Active Work is currently being performed

Completed The stage has been completed

Awaiting

customer The case is waiting for customer approval or customer input

Blocked The case cannot continue due to missing information, material, or decision
Closed The case is completed and delivery has been confirmed

These categories make it easier to identify what action is required. For example, “Awaiting
customer” indicates that the case is externally delayed, while “Active” indicates that the case
is being processed internally. This distinction is important because customer approval may
delay one case without stopping the workshop if other approved cases are available [5].
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7.4 Connection to the Future-State Workflow

The tracking structure follows the grouped workflow stages defined in Section 6.4. Each stage
should be updated when completed, creating a direct link between material flow and
information flow.

It also supports the purpose of value stream mapping, which is to make the flow of material
and information visible across the whole process [3]. The remanufacturing cell should be
tracked as a separate control point because the current-state VSM showed that it is the largest
internal processing-time contributor. Since remanufacturing operations are affected by product
condition and required repair actions, separate tracking is especially relevant in a
remanufacturing environment where processing-time variability is expected [8], [14].

7.5 Proposed KPI Framework

The proposed KPI framework should start with a small number of indicators that directly
support workflow control. Since the workshop is still in an early operational stage, the KPI
framework should focus on simple measurements that can be collected through the proposed
case-status system [10], [11].

The KPIs are proposed to be measured through the case-status tracking system. When a
process stage is reported as started or completed, the system should automatically record a
timestamp. These timestamps can then be used to calculate the time between stages in days,
hours, or minutes. This reduces the risk of calculation errors, since the same system calculates
all KPI values regardless of which employee reports the stage update. To improve data quality,
each status update should be linked to a case ID and a defined workflow stage.
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Table 7.3 — Proposed KPI framework

KPI

Internal process
time

Customer
approval time

Total case time

WIP

Cases awaiting
customer
approval

Throughput

Remanufacturing

cell time

On-time delivery

Definition

Time from receiving to packing, excluding customer approval waiting time

Time from quotation sent to customer approval received

Time from receiving to delivery confirmation, including customer approval

Number of cases active or waiting in the workshop

Number of cases waiting for customer response

Number of completed cases per month

Time spent in polishing, sandblasting, and related repair operations

Percentage of cases completed within agreed lead time

Purpose

Measures internal
workshop
performance

Measures external
waiting time

Measures
customer-facing
time

Shows workload
and flow status

Shows external
waiting load

Measures output
volume

Tracks the main
internal bottleneck

Measures delivery
reliability

These KPIs address the main weaknesses identified in the current-state analysis: limited
visibility, lack of structured performance monitoring, difficulty separating internal and external
waiting time, and limited ability to identify bottlenecks [4], [5]. KPIs should be linked to decision-
making and improvement work, rather than measured without a clear purpose [10].

7.6 KPIl Use and Interpretation

The KPIs should not be interpreted in isolation. For example, a long total case time may simply
reflect slow customer approval rather than an inefficient workshop process. To distinguish
between these causes, internal process time and customer approval time are measured

separately [11].

Internal process time shows how long the workshop-controlled process takes. Customer
approval time shows the external waiting time between quotation and approval. Total case
time shows the full customer-facing lead time. By separating these values, SKF can identify
whether a delay is caused by internal workflow performance or by external customer response.

WIP and throughput should be used to monitor flow as order volume increases. A rising WIP
level without a matching increase in throughput may indicate that cases are accumulating
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before certain stages [5], [13]. Remanufacturing cell time should be monitored separately
because this stage currently represents the main internal bottleneck.

7.7 Implementation Approach

The proposed framework should be implemented gradually. In the first stage, SKF could use
a simple spreadsheet or visual tracking board to record case ID, current stage, status,
responsible function, and key dates. This would already improve visibility without requiring a
complex digital system.

In the second stage, the same structure could be developed into the digital case-status view
proposed in Chapter 6. This would allow SKF personnel to update case status, upload
documents, and monitor customer approval. Selected information could also be made visible
to the customer.

In the third stage, KPI calculation could be automated using timestamps from the tracking
system [11]. For example, the system could calculate customer approval time from the date
the quotation is sent to the date approval is received. It could also calculate internal process
time from receiving to packing.

This staged implementation is suitable because the workshop is still in an early operational
phase. It allows SKF to start with a simple tracking routine and later expand the system as
production volume increases.
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7.8 Expected Benefits

The proposed job tracking and KPI framework is expected to create four main benefits.

First, it improves case visibility by making the status of each order easier to follow. Second, it
improves coordination between Sales, Warehouse, Reman, and the customer by connecting
information to a shared case ID. Third, it separates internal workshop time from customer
approval waiting time, which makes performance evaluation more accurate. Fourth, it creates
a foundation for continuous improvement by collecting data that can later be used to validate
standard times, identify bottlenecks, and monitor workflow performance.

Overall, the framework supports the future-state workflow by making the process more visible,
measurable, and scalable [4], [10], [11]. It does not require immediate full-scale digital
implementation, but it provides a structured basis for future performance monitoring and
improvement.
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8 Conclusion

The purpose of this thesis was to analyze the current remanufacturing workflow at the SKF
Thailand Bearing Remanufacturing Workshop and propose improvements that increase
process transparency, workflow control, and process efficiency.

The study showed that the workshop has an established technical remanufacturing process
but lacks structured workflow control. The main identified problems were limited case-status
visibility, lack of validated standard times, no centralized job tracking, and limited performance
monitoring.

The current-state VSM showed that the estimated direct processing-time baseline for the
selected medium-sized bearing route is approximately 4 932 minutes. The largest internal
processing-time contributor is the remanufacturing operations stage, especially polishing and
sandblasting. Customer approval was also identified as a major external source of lead-time
uncertainty for the individual case.

The proposed future-state concept improves the workflow by introducing clearer control points,
stage-based case tracking, a digital case-status view, a separate customer approval gate, and
a basic KPI framework. The technical process itself is not redesigned. Instead, the
improvement is that the workflow becomes easier to follow, control, measure, and scale.

Based on the comparative3 VSM calculation, the future-state concept is expected to reduce
total case time from 7 412 minutes to 6 452 minutes for the selected medium-sized bearing
route. This corresponds to an estimated improvement of approximately 13%. The
improvement is mainly related to the proposed three-working-day customer response limit
after quotation, supposed by clearer case-status visibility and structured follow-up, rather than
reduced technical operation time.

The main contribution of the thesis is therefore a practical framework for improving workflow
control in an early-stage remanufacturing workshop. The proposed solution gives SKF a
foundation for tracking cases, separating internal and external lead time, monitoring
bottlenecks, and developing more reliable standard times as more production data becomes
available.
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9 Discussion

9.1 Discussion of the Findings

The current-state analysis showed that the main improvement-need is workflow control rather
than technical process redesign. The workshop already has a logical remanufacturing
sequence but lacks structured case visibility and systematic follow-up.

The workshop currently lacks centralized job tracking and structured performance monitoring,
which limits visibility of case status, WIP, and approval status. From a production management
perspective, this limits the ability to coordinate work, monitor WIP, and identify bottlenecks
systematically [4], [5].

The future-state concept addresses this by linking each major workflow stage to a visible case
status. The proposed digital case-status view and stage-based tracking concept make it easier
to distinguish between cases that are completed, active, pending, blocked, or awaiting
customer approval. This improves the connection between the physical material flow and the
information flow, which is central in value stream mapping [3].

A key finding is that customer approval is a major source of lead-time uncertainty for the
individual case. However, this waiting time does not necessarily stop all workshop activity,
since other approved cases may continue through the process. Therefore, the future-state
concept separates customer approval as an external waiting stage. This makes it possible to
evaluate internal workshop performance more accurately.

The preliminary time data also provided an important baseline. The current-state VSM showed
that the remanufacturing operations stage accounts for 2,380 minutes of the estimated direct
processing-time baseline of 4 932 minutes. This makes the remanufacturing cell the main
internal processing-time contributor. The purpose of collecting time data was therefore not
only to identify immediate time reductions, but to show where time is concentrated and where
future measurement and improvement should focus [5].

The proposed job tracking and KPI framework builds on this logic. By recording case ID,
process stage, status, responsible function, and key dates, SKF can begin measuring internal
process time, customer approval time, WIP, throughput, and remanufacturing cell time. These
KPls are important because performance indicators should support decision-making and
continuous improvement, rather than simply collect data without a clear purpose [10], [11].

9.2 Practical Implications

The proposed improvements are designed to be practical for the current low-volume operation.
A full digital implementation is not required immediately. The same logic could first be
introduced through a simple spreadsheet, visual board, or lightweight tracking tool [16]. This
would already improve visibility by showing which cases are waiting, approved, active,
completed, or blocked.

The most important practical improvement is that the workshop would become less dependent
on individual knowledge and manual communication. Sales, Warehouse, Reman, and
management would be able to use the same case status as a shared reference point [4]. This
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would support better prioritization, especially when several cases exist at different stages of
the process.

The future-state concept also supports future scalability. As production volume increases,
unclear handoffs and manual coordination are likely to become more problematic [4].
Introducing a simple case-status structure early creates a foundation that can later be
expanded into a more advanced digital system [4], [10].

9.3 Limitations

The proposed solution should be interpreted as a conceptual improvement framework rather
than a fully validated implementation. Since the workshop is still in an early operational stage,
the study is based on workshop observation, supervisor input, process mapping, process
review, and activity-level timing performed by two workers on the selected bearing route. The
process-time values are based on limited observations and should therefore be viewed as
preliminary activity-level estimates rather than statistically validated standard times.

Another limitation is that the proposed digital case-status concept and KPI framework have
not been pilot-tested with actual users or live cases. The proposed solution is therefore not
validated as an implemented system. Further work would be needed to evaluate usability, role
permissions, system integration, data accuracy, and whether the proposed status updates are
practical in daily operation. The KPI framework also depends on consistent data entry. If
process stages are not updated correctly, the resulting performance measurements will not
be reliable [10], [11].

9.4 Recommendations for Future Work

Future work should focus on validating the preliminary process-time estimates through
repeated measurements [11], [15]. Priority should be given to the remanufacturing cell,
inspection/reporting, and final measurement/component washing, since these stages have the
largest effect on internal process time.

SKF should also test the proposed case-status tracking concept in daily operation. This could
begin with a simple spreadsheet or visual board before developing a more advanced digital
solution. Once enough case data has been collected, the KPI framework should be reviewed
and adjusted to reflect actual operational needs.

Finally, the future-state VSM should be updated after implementation. Comparing the current-
state map with actual future-state performance would allow SKF to evaluate whether the
proposed workflow control improvements reduce uncertainty, improve visibility, and support
better planning.
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Appendix 1: Interview questions

No U e~ wDbh

®

10.
11.
12.
13.
14.

. What does the information flow look like throughout the process, from customer request to

remanufacturing and back to the customer?

What information does the workshop/remanufacturing team receive when a case is initiated?

What lead time is promised to the customer?

What is the expected takt time in the future?

What is the expected number of orders per year in the future?

How many additional employees are expected to be recruited?

How are employees expected to work in the future? Will they be able to work at all stations or have
designated roles?

What information does the Reman/Workshop team send to Sales after receiving an approval ("OK")?
Who owns the case throughout the entire process?

When does the Workshop/Reman team receive information about a case?

What information does the Workshop receive befare the pre-inspection?

What happens from an information perspective if the inspection result is "Not OK"?

When is the customer informed during the process?

What is the final information step before a case is closed?
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for remanufacturing.

Contact SKF to investigate reasons and + Do not remove any signs of use. These traces are important

- Remanutacturing —
tor bearing diagnosis.

not possible solutions (new bearing, redesign, asset
upgrade, SKF maintenance program, etc.}

Remanufacturing possible Remanufacturing potential Remanutacturing not possible

Abrasive wear Adhesive wear Maoksture corrosion Frictional corroslon/Fretting comoskon Frictional corroslon/False Brinelling

Indentations from particies
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Abrasive wear Adhesive wear Moisture corrosion Frictional corrosion/Fretting corrosion Frictional corrosion/False Brinelling

-y - - [

Overload deformation Indentations from particles Overheating Chemical

[ - B -

Subsurface initiated fatigue Surface initiated fatigue Abrasive wear Adhesive wear
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Frictional corrosion/Fretting corrosion Frictional corrosion/False Brinelling Excessive current erosion

- - - -

Indentations from particles Forced fracture Fatigue fracture
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Appendix 3: Figure 4.5
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Figure 4.6

Appendix 4
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Figure 6.6

Appendix 6
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EXPECTED VSM IMPROVEMENT
Current-state total case time: 7,412 min
Future-state total case time: 6,452 min
Reduction: 960 min | Expected improvement: 13.0%
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Appendix 7: Detailed Breakdown of the
Remanufacturing Cell

Detailed Breakdown of the Remanufacturing Cell

Approved bearing 1. Inner ring 2. Outer ring 3. Roller row 1 4. Roller row 2
components from s polishing > polishing > polishing »|  polishing
inspection /
customer approval PT = 472 min PT = 486 min PT = 471 min PT = 471 min
5. Cage 6. Guide ring Remanufactured
sandblasting »| sandblasting / p| components ready
polishing for final
PT = 352 min PT = 128 min measurement

Internal transport within the remanufacturing cell

(Total = 11 min)
Total remanufacturing ) ;
cell operation time ¢ |nner ring transport — 3 min
2 380 mi ¢ Quter ring transport — 3 min
o nih ¢ All rollers transport = 1 min
¢ (Cage transport — 2 min
¢ Guide ring transport — 2 min
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