VIRTUAL VALUE STREAM MAPPING
Evaluation of simulation based value stream
mapping using Plant Simulation

Bachelor Degree Project in Automation Engineering
Bachelor Level 30 ECTS
Autumn term 2014
Fredrik Lindelöw
Staffan Raupach
Supervisor Volvo Cars: Tommy Sellgren
Supervisor HIS:
PhD Tehseen Aslam
Examiner:
Prof. Amos H.C. Ng

Foreword
This thesis project comprises 30hp and is the last phase in the Bachelor degree automation engineer
program 180hp at the University of Skövde. The project was an inquiry from Volvo Cars Engine in
Skövde, which has collaboration with the Universities virtual systems research centre. This thesis
project aims to evaluate and recommend of new simulation software module that Volvo Cars are
interested in acquiring.
The project has been performed in a close partnership with the simulation group at Volvo Cars
Skövde. During the work we have had a good and inspiring perspective from them. Hence they have
contributed with new ideas at the time we were stuck and special thanks to simulation engineer Simon Lidberg for help with the debugging, your skills always came in handy when we encountered
problems with the simulation software.
Part of the project was performed in the O-factory at Volvo Cars and we would hereby express our
gratitude to the productivity engineer Christer Helander who has helped us with the machine data
and material planner Oscar Henriksson as he walked us through the information flow. However we
will never forget the meeting with the VSM lean engineer Jerry Axén whose inspiration and
knowledge we had the privilege of taking part of.
Thank you Tehseen Aslan, our supervisor at the University for having patience with our engineering
English and for the all the positive feedback on our thesis.
Lastly a great thanks to our supervisor at Volvo Cars Skövde, simulation engineer Tommy Sellgren.
We are indeed grateful for your guidance and inspiration which always has been a motivator along
the path of the project and in the lunch room.

Skövde December 8 2014

I

Attestation
The authors of this bachelor degree project here by certify that the work has been completed accordantly to the aims and demands from both University of Skövde and Volvo cars AB as follows:
 References have been made accordantly to the Harvard system when material hasn’t been
the authors.
 All sensitive data from Volvo cars AB have been censored with fictitious values.
 No material included in this thesis has previously been used in the acquisition of a degree.

University of Skövde 2014-10-13

Signature

Signature

Fredrik Lindelöw

Staffan Raupach

Printed name

Printed name

II

Abstract
Discovering future losses in a production flow with mixed variants will demand a deeper understanding of the production flow in the factory. VSM (value stream mapping) is one common tool to accomplish this. VSM is traditionally done by pen and paper and results in a static map showing the
value flow at the moment of study. The VSM is commonly used to highlight bottlenecks in the value
stream. This is the classical way of using the VSM tool. However the next generation of VSM tools,
which recently have started to be released on the market, V2SM (virtual value stream mapping),
where the value flow can be simulated and future states can be tested before they are implemented
in the actual production flow. This however needs to be tested before putting the V2SM in practise.
The objective for the study is therefore to evaluate V2SM and make recommendations for Volvo Cars
concerning the trustworthiness and usability of V2SM. The study also intends to examine the differences between the methods of traditional VSM and V2SM.
The project has been executed in collaboration with the simulation department at Volvo Cars Engine
in Skövde. To achieve validity and anchorage, the VSM and V2SM have been conducted on an existing production line in O-factory, D1 line.
A prerequisite to the construction of any VSM is data on the value flow. All data was collected in accordance to Volvo standard methods, for instance clocking the line at work to find cycle times, measuring the speed of the conveyors and counting the size of buffers and stock. Some data was gathered
through interviews, with various employees. The VSM was then created from the study and were
later used as the foundation for the construction of the V2SM model.
As the Tecnomatix Plant Simulation V2SM module is new on the market, several software errors
were discovered, isolated and verified. However the VSM and the V2SM still revealed the similar
results finding of bottleneck areas in the value stream. However the V2SM tool showed promise
where evaluating improvements before implementation in the production are concerned. The most
important difference between the VSM and the V2SM is that the V2SM has the ability to work with a
value stream of mixed products with different cycle times on the products. This however is a problem with the traditional VSM which lack the ability to predict future production increases with an
improvement in a production flow where mixed products a produced. A regular simulation using
standard objects proved to work at least as good as a V2SM simulation, however it will be considerably more demanding for the user and also require a higher cost in software licenses. This is why the
V2SM is suitable for the production technician on the factory floor, who needs to be able to prediction the line capacity before improvements or conduct test on the batch sizes. However, a V2SM
simulation will always be a lighter version of the regular simulation since the input data has considerably fewer input parameters, hence the output data will never be as accurate or have the ability to
test as many parameters as the regular simulation i.e. tools changes, operation movement and
measuring frequencies.

Keywords
VSM, Value stream mapping, V2SM, virtual value stream mapping, lean, lean manufacturing, DES,
discrete event simulation, Tecnomatix Plant Simulation,
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Abbreviations
This list represents technical abbreviations used in this thesis.
DES:

Discrete Event Simulation: An imitation of an operation of a real-world process or system over time.

EPEI:

Every Part Every Interval: Rate of flexibility value.

FGI:

Finished Goods Inventory: Inventory where finished products are stored.

LCA:

Life Cycle Assessment: A method used for mapping a products impact on the environment during its life cycle.

OEE:

Overall Equipment Effectiveness: Describes in percent how well the machine performs
by measuring three different values, availability, performance and quality.

OP:

Operation: A process where a machine or human refines the cylinder head.

PPS:

Production Planning and Control object: Manages the orders in the V2SM

RMI:

Raw Material Inventory: inventory where raw material is stored.

SMM:

Sustainable Manufacturing Mapping: A method which maps the technical sustainability.

TPM:

Total Productive Maintenance: An improvement system for the machines by working
with the reliability of the processes.

V2SM:

Virtual Value Stream Mapping: A simulated Lean tool that maps a productions line.

VA:

Value Adding: A process that adds value for the customer.

NVA:

Non-Value-Adding: A process that does not create value for the customer.

NNVA:

Necessary Non-Value-Adding: A necessary process in order to create value for the
customer.

QVSM:

Quality Value Stream Mapping, VSM focusing on quality.

VCE:

Volvo Car Engine: Volvo cars engine plant.

VCE Skep:

Volvo Car Engine Skövde Engine Plant: Volvo cars engine plant in Skövde.

VSM:

Value Stream Mapping: A Lean tool that maps production lines.

VCMS:

Volvo Cars Manufacturing System: Volvo cars Lean philosophy.

SPC:

Statistical Process Control: A tool used in quality check to monitor the processes ability
to produce in specified tolerances.

WIP:

Work In Process: Number of details in a given predefined production section.
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1 Introduction
1.1 Company Presentation
Volvo Cars is an automobile manufacturer, predominately producing cars for the premium segment.
According to (Volvo Cars AB, 2014) 427,840 cars were produced, with the goal to increase that to
800’000 cars sold globally by the year 2020.
The founders of Volvo, Assar Gabrielsson and Gustaf Larson shared a vision to put humans in the
centre, stating; “Cars are driven by humans. The basic principle behind that we make at Volvo is – and
must remain – safety” (Volvo, 2007). In 1927 the first car, called Jacob, rolled out and Volvo had been
born.
Hence, safety is the first core value at Volvo, which has resulted in that Volvo is ahead of their competitors in this area. The vision is that by the year 2020 there are zero fatalities in Volvo cars and that
those who feel safe have more fun(Volvo Cars AB, 2014).
Quality is the second core value for Volvo. This has resulted in that an average Volvo has a live span
of 18 years and they hold the Guinness world record in the longest driving distance for a car with 4
000 000 km in a P1800.(Volvo, 2007)
A third core value of Volvo is the environment. As the former CEO of Volvo, PG Gyllenhammar once
said “We are part of the problem and therefore we also need to be a part of the solution”.(Volvo,
2007). This connects to the technical sustainability where the VCMS (Volvo Cars Manufacturing System) works with losses and towards energy efficient products.
1.1.1 Volvo Cars Engine Skövde
Volvo Cars Engine Skövde Engine Plant (VCE SKEP) is Volvos engine plant in Skövde with a capacity of
500’000 engines per year. At VCE SKEP both petrol and diesel engines are manufactured. Employees
work at five separate machining factories and three assembly lines. The machining factories produce
four different engine components: Crankshafts, camshafts, cylinder heads and cylinder blocks. These
are then sent to the assembly lines, where a complete engine is assembled and tested.

1.2 Background
Discovering future losses in the production flow will demand a deeper understanding of the production flow in the factory. VSM is one common tool to accomplish this. VSM is traditionally done by pen
and paper and provides a static map over the value flow at the moment of capture. The VSM highlights the value added to a product as well, and equally important, the non-value adding processes,
which highlights the areas that need to be examined and improved. This is the classical way of using
the VSM tool. However the next generation of VSM tools, which recently have started to be released
on the market, consists of virtual VSM where the value flow can be simulated and future states can
be tested before implemented in the real production flow.
Volvo cars recognise the benefits a virtual VSM might bring, however as this is a new tool, which
hasn’t been tested by Volvo cars they require an evaluation of the tool before, it can be deemed a
good investment. The evaluation is based on a real production line at VCE SKEP. The production line
selected for the thesis is O-factory D1. This line was chosen because the variety of processes, which
will make the VSM, output more informative when the interaction between different machines is
1
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simulated. The thesis will then analyse the differences and benefits of a virtual VSM compared to a
traditional VSM.
1.2.1 Aim and Objectives
The aim of this thesis is to evaluate and bring forth a recommendation regarding a possible acquisition of the VSM module (Values Stream Mapping Library) in Tecnomatix Plant simulation 11R2. This
will be a collaborative project with the simulation engineers at department 9620 at SKEP. The evaluation of the module will be achieved by comparing the different approaches, their results, effort
needed and additional benefits of V2SM using in an existing production line.
1.2.2 Project Tasks
To achieve the overall objective the following tasks needs to be performed.
1)
2)
3)
4)
5)
6)
7)
8)
9)
10)
11)
12)

Study the value flow in a production line at Volvo Cars Skövde.
Gather all data needed to perform a VSM and a V2SM
Preform a traditional VSM for the value flow.
Using the traditional VSM as a basis, create a virtual value stream map, using Tecnomatix
Plant simulation 11R2 Value Stream Mapping module.
Verify the functionality of the V2SM model.
Make a comprehensive analysis of the V2SM, analysing the functionality, data output and
advantages etc.
Select and present valid data diagram from the V2SM in Tecnomatix Plant simulation 11R2.
Test the value flow using set up times.
Evaluate the traditional VSM compared to the V2SM.
Evaluate the V2SM compared to a V2SM doe with standard Tecnomatix Plant simulation
11R2 objects.
Recommendations based on the analysis.
Present the results and recommendations of the thesis project in a report and presentation.

1.3 Exclusions and Boundaries
The exclusions for this thesis have been defined tighter with the supervisor at Volvo Cars. The VSM
models will cover the D1-line in O-factory VCE SKEP where the RMI, RM, machining, assembly, washing, and final inspection are included. The support logistics for D1 will not be included in the VSM,
neither the logistics from supplier/assembly line to RM and FGI.
The V2SM will simulate different shifts breaks and planned maintenance stops. It is not within the
scope of this thesis to construct any desired future-state map of D1 or perform any kind of optimization of the actual flow. As Plant Simulation is the simulation software in active use at Volvo SKEP,
discussion regarding alternative software is not desired. The project will not consider any economical
calculations or aspects.

1.4 Method
To anchorage the thesis progression with the supervisor at Volvo cars meeting has been held every
month. Half way through the thesis project, a half time report is handed in to the supervisors at Volvo Cars and the University of Skövde. This will evaluate and anchorage the progression of the thesis.
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The methods used in this thesis can be divided into three separate parts Figure 1, theoretical studies,

practical exercises and virtual exercises.
Figure 1. Work flow divided into three parts

The theoretical studies aim at understanding what VSM is used for and any limitations inherent to
the VSM method. This study will not only look at the traditional use of VSM but will specifically touch
upon the way Volvo use the method to improve its processes. This will be done by studying source
material, current literature, Volvo standards and interviews with employees.
In the practical exercises, the necessary data for a VSM will be collected from the chosen production
line. Cycle times for all stations will be measured with stopwatches, in accordance with Volvo standard four cycles will be timed and the average will be used. Conveyor length, feeding speed and the
number of cylinder heads they can contain will be measured. The Volvo production department will
supply availability and MTTR numbers. Stock levels and units on conveyors will be counted. Using the
data collected and the theoretical studies a VSM will be constructed following the Volvo guidelines.
The virtual exercises first and foremost the VSM module to be used has to be studied and understood. This will be accomplished by trial and error, constructing small isolated simulations to study
the behaviour and interactions. The knowledge will be transferred to the construction of the V2SM.
Trials into constructing VSM simulations using traditional Plant Simulation objects will be done. By
trying to emulate the look of traditional VSM, using custom icons, and the same data generation
from V2SM but still retaining the functionality of the VSM module.
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1.5 Thesis Disposition
This thesis is divided in nine main areas with 13 different chapters. The different chapters are illustrated in Figure 1 where the content of each chapter is mapped. The links between the different
chapters are illustrated by the arrows at the bottom of Figure 2.
Chapter one introduces the company, the problem background and the aims and objectives. Chapter
two provides the frame of reference presenting the theoretical background to the concepts and theories used in the thesis. These concepts and theories are then linked in to chapter three and four, as
seen in figure 1, where they contribute to the development of the V2SM methodology, in chapter
three and the focus of the literature review. The method works as an umbrella covering chapters 5-7
where the method is applied. Chapter presents a literature review with three focus areas on 1) studies that have utilized VSM, 2) studies that have combined Lean and DES and 3) studies that have utilized V2SM tools. Chapter five on the other hand presents the data collection, i.e. -what data was
collected and how it was collected. Chapter six presents the construction of a traditional VSM map
according to the Volvo method, which subsequently is used as a template for creating the V2SM. The
development of the V2SM model is presented in chapter 7. Chapter eight presents the possibility and
creation of a V2SM without the module. Chapter nine explains simulation experiments performed in
the V2SM module. A comprehensive comparison of the three methods, VSM, V2SM-module and
V2SM-non module is made in chapter nine. Chapter ten evaluates the results of the experiments in
chapter nine. The three different approaches to VSM and V2SM are discussed in chapter eleven.
Their different capabilities, pros and coins are discussed. Chapter twelve is the outcome of all the
preceding chapters, here are the conclusions and recommendations presented. The appendix contains figures and tables used in the thesis.
Chapter 1

Chapter 2

Methodology

Introduction
Frame of
Reference

Chapter 4
Current
Studies
Litterature
review

Background

Aims and
Objectives

Chapter 3

Theoretical
background

Chapter 5

Chapter 6

Data
collection

Traditional
VSM

Chapter 7-8 Chapter 9-11

Virtual VSM

Experiments

Discussion

Conclussion

Method

Figure 2. Disposition of the report
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2 Frame of Reference
In this chapter important concepts and theories pertinent to the thesis project will be summarized.

2.1 Lean
The concept and usage of Lean Production is nowadays widely spread. However, the idea of what it
really means varies. A common false interpretation is that Lean only applies to the manufacturing
area in a company. Lean production includes every part of the company from product design to customer delivery. Lean is not a project that has an end or something that’s implemented. It’s rather a
philosophy that encourages you to identify wastes in process and where you step by step utilize various tools and approaches to eliminate wastes where possible. Lean is a concept that includes leadership, corporate culture, values etc. The philosophy of lean has a lot to offer to the companies increasing demands of profitability, productivity, flexibility and manufacturing at the right time, at the quantity and right quality.(Liker, 2009)
Increased productivity is a common demand from customers and stockholders. The potential of increased production still offers great opportunities, up to 50% according to (Pettersson, 2009). In nonmanufacturing companies the potential is even bigger.
A big threat towards western industries is the move of production to low-wage countries, even nonmanufacturing companies have started to suffer from this migration. The biggest argument for moving manufacturing is that it will lead to lower salary costs which will guarantee a higher profit. The
fact that profits often are lost in longer lead times, increased bound capital, less control and higher
transport costs is unfortunately overlooked.(Liker, 2009)
2.1.1 The Opportunities of Lean
Lean is an approach that aims to increase productivity and thereby increase the profit according to
Peterson et al., (2009). However the writer also means that this requires a long-term perspective and
commitment in order to succeed with. In essence Lean sees the non-value adding wastes by focusing
on the whole value flow.
Lean’s focus on details provides an increased understanding of the company’s opportunities and
restrictions. This gives the organisation an opportunity of a greater understanding of the supply chain
and their position in the production chain. Peterson et al., (2009) means that with a better understanding of the value flow contribute to a more efficient supply chain to the customers.
Formerly, production migration decisions were only based on salary costs, whereas nowadays, by
taking the advantages of lean into account, companies chose more and more to remain in the western high salary countries. (Peterson et al., 2009)
2.1.2 Lean Effects
Nelson (1998) claim that the biggest impacts of lean are increased quality levels which leads to reduced costs, -more flexibility-, which reduces delivery time and a better delivery precision which in
turn lowers the reserve stocks. In addition to these positive effects there are also positive psychological effects for example better cooperation among the employees, reduced stress, higher competence, a safer workplace and a greater understanding of the big picture among the employees. These

5

Fredrik Lindelöw
Staffan Raupach

Virtual Value Stream Mapping

University of Skövde
School of Engineering Science

parameters are important if the work towards lean is to become successful according to Nelson,
(1998).
Lean is about providing the right conditions for the workers and their managers to reduce wastes in
the value stream and its processes. Peterson et al., (2009) point out that changes in the production
flows can give temporary improvements but to have a persistent change, the understanding and
methods of lean must be deeply entrenched in the organisation.
2.1.3 How Lean was born
It started all the way back in the industrial revolution one century ago when the car industry was in
its cradle. Henry Ford and the Ford motor company built their first car 1896 inspired by Frederick
Taylor’s efficient production system. Initially Ford started producing their cars by letting the material
be transported to the car. This was time consuming and expensive. Therefore they developed a
method where the cars moved around and different teams worked in assembly stations. The first
value stream was born. Ford had a great understanding of the importance lead times and therefore
focused on the whole stream. Ford discovered that standardisation would reduce cost and improve
quality to the point that they never had to test the engine until the whole car was assembled. Eventually Ford’s work led to the construction of the first assembly line where these methods where implemented and added great value to their work in terms of productivity, flexibility and increase in
quality. (Peterson et al., 2009)
One of the methods in the assembly line was how the incoming material was distributed in a flow at
the right time, in the right quantity and with the right quality. This is one of the most important principles of today’s Lean philosophy.(Peterson et al., 2009)
2.1.4 The launch of Lean Production
The oil crisis (1973-1974) showed a big difference between methods and production philosophies in
the manufacturing industries. Toyota came out as winner with its Lean production with a considerably higher profit then their competitors. Scientists began investigating why TPS (Toyotas production
system) was superior all other approaches and which later in resulted in a book named “The machine
that changed the world” by Womack et al., (1990). The researchers noticed that Toyota had a significant efficient and lean manufacturing process. This was accomplished by an efficient value stream
where every process worked in unison. By lowering the NVA (Non Value Adding) and at the same
time improve the VA in the value flow, Toyota found the key to Lean.(Peterson et al., 2009)
2.1.5 Value Stream and Lean
“Always when there is a product for a customer, there is also a value stream. The challenge is understand this flow” (Rother and Shook, 1999)
All improvements in a value stream needs a connection to the production flow parameters such as
lead time and WIP. The key to improve the value flow is to create predictable processes and then link
them together in a VSM to see the big picture of the value flow. The delivery precision can be calculated on this, which means that a predictable process can give lower WIP and a more lean production. Equally important is the information flow since the information affects the processes ability to
produce at the right product at the right time. (Peterson et al., 2009)

6

Fredrik Lindelöw
Staffan Raupach

Virtual Value Stream Mapping

University of Skövde
School of Engineering Science

2.1.6 Analysing the Value Flow
The success of an organisation or a company is highly dependent on that the improvements which
are implemented work in all levels of the organisation of the company. The aim of the work conducted within Lean philosophy is to create a better value flow by making an analysis of the value flow. By
making a Value stream map, the wastes can be discovered and improvements implemented on the
right areas. All improves has to be meaningful, where the potential lay in the value flow itself. The
challenge is to find the cause-effect relation.(Peterson et al., 2009)
When analysing a value flow it is important to ask the question what the customer willing to pay for
and from there try to find activities which are not adding value i.e. what the customer does not want
to pay for. Without this question in mind it becomes very hard to know which activities are VA or
NVA. This means that it is important for the customer and producer to have a good communication
with each other.(Peterson et al., 2009)
2.1.7 Volvo Cars and Lean
Volvo Cars have implemented Lean philosophy or into their Volvo Cars Manufacturing System
(VCMS) which, as in the case of Lean philosophy, has a human centred view where the core values
are: quality, safety and environment. These values are surrounded by five principles designed to
work towards Lean.
The first principle of VSMS is “Teamwork with commitment” witch forms a foundation for the rest of
the work. This principle is supposed to create anticipations on the teams from the management and
generate a sense of liability responsibility from the team members. By coaching workers and seeing
the production processes with your own eyes will help building up a learning organization.
The second principle is “Stability through standardisation”. Standardisation is a must if an improvement is to be established, as standardisation provides a point of reference for the improvement and
helps in evaluating if the suggested change is an improvement or not. Visualising information and
processes makes it easier to detect deviations from current standard in the value stream. Hence, this
work is conducted through standard by which the work place is believed to become safer, more reliable and visualised.
The third principle is “Right from me”. This principle focuses on quality by designing for errorproofing (poka yoke). More advanced tools like statistical process control (SPC) and six sigma where
quality is checked are also used here. Establishing precipitation in the work among the employees
secures quality in the whole value stream.
Fourth principle is “Demand driven value flow”. By working with reliability and effectiveness in the
processes a stabile flow can be achieved which lowers the lead times in the value stream. Delivering
the products in the right time with the right amount and in the right quality to the customer is essential to a demand driven flow where the customer sets the production rate.
The final principle is “Continuous improvements“. Here is where wastes in the values stream are
identified and eliminated. This is done by structured problem solving where the largest resources are
the workers themselves and their commitment. This process makes a huge impact on the value
stream, where positive results can be measured instantly.
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2.2 OEE
OEE (Overall equipment effectiveness) is according to (Peterson et al., 2009) “a process efficiency
measure adapted for automated and semi-automated processes”. It is based on three parameters:
availability, performance and quality which together form a percent value where >85% is accepted as
a decent value. The calculated percentage describes the utilization of the capacity in the measured
section se equation 1. OEE became known when the TPM (Total Productive Maintenance) concept
got its breakthrough. TPM is a maintenance system who works towards improved production and
quality through the equipment, employees and processes. The OEE measurement can be used on
principally all plants where the parameters availability, performance and quality can be measured. In
practise it is common to study individual machines, productions lines or as this thesis evaluate a
whole plant section. (Hagberg and Henriksson, 2011)

Equation 1. OEE calculation

2.2.1 Availability
Availability is the measurement of time efficiency and is calculated by subtracting the stop time from
the total time and the divide it with the total time se Equation 2. The stop time is defined as equipment faults and disruptions. (Hagberg and Henriksson, 2011)

Equation 2. Availability calculation

2.2.2 Performance
The performance of a production section is the average speed compared to the maximum speed,
where speed is defined as the takt or cycle time. It is of great importance that the maximum speed is
defined, then this will have a high effect on the performance value. When measuring the performance it is important to consider if one or more products are being manufactured in the measured
production section and if the production time varies with different products. It is also important to
take into account if the ramp-ups and setup-times. The performance equation can be studied in
equation 3. (Hagberg and Henriksson, 2011)

Equation 3. Performance calculation

2.2.3 Quality
The quality value is affected by the amount of defects and rework. If there are no quality losses the
quality parameter becomes 100%. The higher the quality demands the harder it gets to reach a high
value. A common tool to improve the quality is six-sigma. The quality calculation can be studied in
equation 4. (Hagberg and Henriksson, 2011)

Equation 4. Quality calculation
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2.2.4 TAKT
Takt is a simple but important concept in any lean business. The ideal in lean thinking is the idea that
overproduction is wasteful. To eliminate overproduction each part of the manufacturing chain ought
to follow the same pace. That pace is known as takt1 and is calculated as shown in Equation 5. (Lean
Forum, 2007)

Equation 5. Takt calculation

To calculate available time, subtract planned meetings, breaks & maintenance from the working
hours. Customer demand is the amount of components the customers require. Takt is used to provide a target number for production and helps in the efforts to level cycle times.

2.3 Bottleneck analysis
By mapping the production line in a VSM and measure the throughput of the machines hence a bottleneck analysis of the value flow can be constructed. All the processes in the VSM link to each other
and therefore bottlenecks can occur. A common fault in bottleneck management is focusing on the
individual process instead of the whole value flow. This fault will lead to a minor optimal result according to Christopher, (2011)
Goldratt, (1990) developed the tool OPT (optimised production technology) which categorise all value flow activities as non-bottlenecks or bottlenecks. A bottleneck is defined as the slowest process in
the value flow. It can either be a machine or an administrative process. The bottleneck processes
determine the throughput of the whole value flow, so the key to increase the speed of the value flow
is lies in focusing on the bottlenecks in the value flow. Non-bottlenecks are also important to detect
since it’s important not to improve non-bottlenecks. This will only leads to a more uneven value flow
where the stock builds up even more. The objective is to improve the bottlenecks efficiency by increasing the throughput. Reducing the work in progress at the non-bottlenecks, which feeds the bottlenecks, is an efficient tool to increase the Value adding ratio and also cuts down throughput
time.(Christopher, 2011)

2.4 Traditional VSM
VSM is only one of several toolsets used within the concept of lean manufacturing, VSM is generally
used in the first step of transforming a business and getting to know the processes. (Lean Forum,
2007)
2.4.1 Value
According to Womack (2003) the concept of value is only meaningful if seen from the customer’s
point of view. To a manufacturer the product you produce has no value except that which your customers are willing to pay. Value is created when parts are machined, assembled or otherwise improved upon. Any additional work could be deemed superfluous and therefore wasteful or muda in
Japanese, accordance with the Lean principles.

1

Takt is German and simply means pace.
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2.4.2 Value Stream
Rother and Shook (1999) defines the Value Stream as “All the actions (both value-creating and nonvalue-creating) currently required to bring a product through the main flows essential to every product.” A further distinction is made between necessary nonvalue-adding (NNVA) (for instance quality
control) and nonvalue-adding (NVA) actions (for instance needlessly large buffers between machines). Once each process has been classified with its value-adding status, it is important to continuously re-evaluate that status. It might for instance turn out that improvement in quality further
upstream render a previously necessary quality control useless, thereby transforming it from a NNVA
to a NVA. In most cases the value-added (VA) time is significantly lower than the NVA time. The ratio
between VA on one hand and NNVA and NVA on the other hand is used as a measurement of production efficiency.
2.4.3 Value Stream Mapping
The method of Value Stream Mapping (VSM) is a technique brought
to fame by the qualitative successes of Toyota. Toyota themselves
refer to the method as “Material and Information Flow Mapping”.
Adding importance to the oft-neglected information flow (Rother
and Shook, 1999).
Mapping the Value Stream is done by using pen and paper to draw a
visual map of the materials and information flows from supplier to
customer. This aids in viewing the whole flow instead of getting
bogged down in details that in the end might turn out be inconse- Figure 3. Mapping Steps, interpreted
quential. As a visual aid it provides an easier way to see problems from Rother & Shook (2009)
than any quantitative tool could present. According to Rother and
Shook (1999), the material flow will most likely travel through several different departmental boundaries, it is important to allow the mapping process to transgress those boundaries, otherwise it is
easy to lose sight of the end customer and his demands.
The workflow in creating a value stream map is described in Figure 3, interpreted from Rother and
Shook (1999). First a specific product or product family needs to be selected. By actually following
the product on the shop floor a current-state map is constructed, usually on a large piece of paper.
Using that map as a basis for improvement, a future-state map is created. Finally a plan to reach the
desired state is generated and implemented. This is a recursive process, meaning that once the plan
has been implemented the future-state is now the current-state and a new future-state is created
and implemented.
2.4.3.1 Current-state
The mapping process should move upstream, starting with the customer demands, this ensures that
it is the customer needs that will drive any changes and improvements. Using the symbols in Appendix A, all processes, movements, buffers and other value effecting actions are drawn, finishing with
the supplier. Information flow is also marked on the same sketch, production plans, purchase orders,
Kanban cards and so on.
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2.4.3.2 Future-state
The purpose of the current-state map is only to provide a starting position for evaluating which
changes are needed to improve the flow. This is done through moving NNVA actions towards NVA
and the minimizing NVA. Improve the flow by moving operations and the physical flow of parts. The
information flow could also need rethinking, could information be improved or eliminated altogether? According to Rother and Shook (1999) the future-state map should be done with minimal investments and purchases, focusing on available means.
2.4.3.3 Plan and Implement
Once the desired future-state has been identified, management needs to draw up plans for the transition of the production towards that state. Focusing on flow and customer demands.

2.5 Simulation using DES
Banks et al. (2004) define simulation as, ”the imitation of the operation of a real-world process or
system over time.” This definition holds true regardless whether mechanical or computational methods are used. By developing a model and studying its behaviour, conclusions can be drawn about the
real world problem described by the model, the more accurate the model the better the predictions.
There are two major types of simulation methods (Banks et al., 2004): continuous simulation and
Discrete Event Simulation (DES). A DES is a model of a system where changes only appear at specific
moments, in between these events, the simulation model will not change any states, for instance
inventories. When stock is removed or added to the inventory it will change, at all other times the
inventory stays the same. Continuous simulation on the other hand is better suited to systems that
have continuous property, for instance water levels inside a tank. The differences in calculation need
will generally mean that DES is the faster simulation method (Banks et al., 2004).
2.5.1 Advantages to Simulation
By imitating a system rather than performing actual tests on it, any disruption to existing operations
are minimized. For instance shutting down a production line to run tests will not only be costly but
also potentially disrupt any operations downstream from it. The need to speculatively invest in expensive gear and equipment is removed, when the same gear can be evaluated beforehand. Chances
are that any faulty preconceptions and presuppositions will be revealed during the simulation process. Time can be accelerated for quicker results or longer horizons. Which helps in finding solutions
to problems that rarely occur, or that will not present itself until a large number of units have been
produced. It is also a great method to test out ”what if” scenarios, optimizing towards a desired
state. It could also be used to verify analytically resolved solutions. The ability to visualize solutions
can prove pivotal in presenting solutions in an understandable fashion, especially if the recipients are
unaccustomed to technical jargon. (Banks et. al. 2004)
2.5.2 Disadvantages to Simulation
Constructing a simulation model can be a time consuming and skill intensive process. The results will
also require analysis, as the results are not always easy to interpret. The constructed model is never
better than the data put into it. Banks et al. (2004) describe ten situations where simulation would
not be the preferred method to solve a given problem. Any problem where the solution is either too
trivial or too complex would be better solved using other means. If the time, resources, data is unavailable or the simulation is impossible to verify and/or validate another solution to the problem
would be preferable. If the answer would be easier to find by solving the problem analytically or by
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direct experiment, if it would cost more than the potential to save consider another solution. It is
important that expectations from management regarding simulation as a tool are reasonable, if expectations are set to high, any solution given would fail to meet expectations therefore it would be
unadvisable to use simulation to solve the problem.
2.5.3 Tecnomatix Plant Simulation
In this thesis project Tecnomatix Plant Simulation 11R2 will be used to construct the simulation. Plant
Simulation is developed by Siemens PLM Software and is used by Volvo.

2.6 Technical Sustainability
At the moment there is no established definition of technical sustainability, however “U.S. Department of Commerce,” (2010) uses the following definition “The creation of manufactured products as
uses processes that minimize the negative environmental impact, saves energy and natural resources,
is safe for the employees, society and the customer and are economically sound”.
Lean philosophy involves working with wastes. This saves not only time but also energy and material
when the processes are improved. This work is implemented by using the VSM as a charting tool
where the processes are defined in to groups depending on if they are VA, NNVA or NVA. The VSM
tool also defines the non-value adding times, which are an important component when calculating
the value-adding rate. Short lead times means less storage of materials that costs labour and minimizes the risks for obsolete materials. A synergistic effect of high delivery precision is that production
time can be reduced and still producing the same amount of parts.
Companies are starting to find the market potential for technical sustainability. Most of these tools
are complicated and requires a lot of data. By instead using VSM as a sustainability tool, the mapping
becomes simpler and can still analyse information flow, material and energy in the processes. This
method is called Sustainable Manufacturing Mapping (SMM). The method uses predefined sustainability parameters and is based on the traditional VSM, DES and Life Cycle Assessment (LCA). The
SMM is divided into four stages where it starts with objectives/goals, choosing parameters, creating
current state map and from the parameters a future state map is drawn.(Johansson et al., 2010)
Technical sustainability is supported on three pillars where the pillars ensure: a) welfare in the society, b) well-being among the employees, c) environmental friendly and growth for the company’s
term viability. This means that economical and technical factors are linked together in a techniceconomic sustainability according to (Källström, 2014) Behind the technology lies research, construction, production, maintenance and recycling, all which contributes to a techno-economic sustainability. This chain of events is dependent of each other and if one link fails or is given lower priority, the
techno-economic sustainability will be considerably shorter and more expensive in the long run. This
is where this thesis can affect the technical sustainability, by contribute to a more efficient production.(Källström, 2014)
Literature involving technical sustainability is rare, since most literature it is written by humanists.
This is problematic since sustainably technology is the key to welfare and growth in the society. Production is one area that has a great impact on the environment, but is rarely discussed in this domain. Källström, (2014) means that future customers will be more demanding in the sustainability
perspective when investing and purchasing. This has a great business potential and requires an inno12
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vating approach to this production area. There are different opinions in how the techno-economic
sustainability should be reached. The pessimist are sure that the economy in our society has to have
zero growth, quit flying, stop eating meet and stop driving cars to be able to have sustainability. On
the other side the technology optimists are sure that technology will find a path for a technoeconomic sustainability. According to them most of the technology needed already exists today,
what’s missing are the economical means to use them.
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3 Methodology
The methodology for this thesis will be collected from literature, Volvo guidelines and where none
exists, as with V2SM new methodologies will be designed.

3.1 Practical exercises
Any company will adapt and change any tools available to them,
to better suit their specific needs and desires. VSM is no different
and Volvo has developed an educational package designed to
standardize the construction of VSM maps within the company.
Volvos method for constructing the VSM is detailed. Volvo defines
the steps in the instructional document “Value Stream Mapping
R12” according to Figure 4. First a product or product group is
chosen, a team is selected to perform the VSM and this team usually consists of 5-6 people. The team then investigates the customer demands, vis-à-vis product specifications, design & deliveries. The purpose for starting with the customer demands is to
ensure that the customer will be in focus during the entire VSM.
Information, material and process flows are mapped and measured in regards to takt, cycle time, changeover time, batch sizes,
number of operators, OEE, stock levels and transportation times.
This information is all gathered in a paper format and then transferred into a spreadsheet for calculations and further distribution.

Figure 4. Volvo VSM work flow interpreted
from Value Stream Mapping R12 (Volvo)
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3.2 Virtual exercises
The VSM module in Plant Simulation 11R2 is
fairly new and any model created with it differs substantially from a model created with
the standard objects. Therefore it is important to get familiar with the objects, what
they do and how they interact. The only available help will be the help file included within
Plant Simulation 11R2 and any simulations
done to verify that the help file is correctly
understood.
In the creation of the simulation model, the
workflow details in Figure 5 will be followed
(Banks et al., 2004). First and foremost it is
important to get a clear grip on the problem.
If all facets of the problem and the desired
end result is not understood, all subsequent
steps will most likely generate undesirable
results. Once a problem is completely understood a plan for the achievement of the desired objectives will be drafted. Following the
plan, collection of data and design work on
the model is undertaken parallel to one another. Once the model is completed it needs
to be verified (finding out if the models answer the questions asked) and validated (finding out if the answers it provides are correct).

3.3 V2SM Methodology
Due to the infancy of the subject of VSM simulations no method for the construction of a
V2SM model was found within the literature.
Therefore a new method had to be created,
combining concepts from both the classical
VSM method and simulation modelling meth- Figure 5. Simulation study steps interpreted from Banks
et al. (2004)
ods.
There are two major angles from which constructing a V2SM can be approached. Firstly a traditional
VSM can be constructed and later transferred into a simulation model. The other is to construct the
simulation model first and then finding the data needed for the model. A benefit of the latter method is that the V2SM model need not be hindered by the limitations of the classical VSM method. For
instance a V2SM simulation have the ability to map several different products or product groups,
possibly gaining some valuable insight that would have been lost had the simulation model been
converted from a traditional VSM. Unless the chosen flow is simple, such a model would most likely
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differ visually substantially from the traditional VSM, this might affect the readability of the actual
map, on the other hand a V2SM provides more numerical data than the traditional method.
As the first method only involves combining the methodologies of traditional VSM and simulation method according to
(Banks et al., 2004), work was put into developing a method
for the creating of a V2SM simulation from scratch.
The first step will be to identify the value flow to map, this
could include an entire plant or a single product as circumstances dictate. A team would need to be assembled, containing expertise and knowledge from all aspects of the value
flow to be mapped and ideally some simulation software
experience. Full understanding of the customer is still as important as ever. Data about information, material and process flow is collected concurrently with the construction of
the model creation as the data dictates the look of the model
and the model dictates which data is needed. Continuously
functionality needs to be checked and further data collected
and model alterations made. When a satisfactory model has
been assembled, run simulations and document information
and data from the simulation run. The conceived work flow
can be seen in Figure 6.

Figure 6. V2SM Steps
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4 Literature Review
In this chapter, scientific literature and case studies, relevant to the problems of this thesis project
are introduced.

4.1 Value Stream Evaluation
A growing number of product variants in the productions lines have given an increasing complexity to
the VSM. This has led to a more product orientated approach, were value stream mapping has become an even more frequently used tool for process optimization. It was Rother and Shook, (1999)
who presented the VSM tool based upon lean thinking. VSM gives a snapshot map of the current
value flow, where lead time is one of the most important parameters. It also gives a customer orientated view of which processes are VA, NVA and NNVA. The customers’ demand aims for a unique
solution. Sihn and Pfeffer, (2013) describes how a mathematical method can evaluate the different
solutions based upon the VSM. The authors present and approach where the VSM present different
solutions depending on which different optimization parameters are used in the mapping. In the
search for perfect VSM parameters it’s important to weigh cost against the customer value. They
present method that describes the problem in a mathematical approach, where different values are
calculated depending on the input parameters. This presents different solutions and gives the planner alternatives to find the best solution when improving the value flow.(Sihn and Pfeffer, 2013)

4.2 Application of Value Stream Mapping
The application of VSM has been studied in an empirical case by Palmqvist, (2014). VSM is a straightforward method where pen and paper is used as the initial tool. Palmqvist, (2014) study aim is to
perform a VSM and investigate its synergies with traditional DES. The VSM method could clearly
point out areas in the value flow that needed attention. The VSM also showed lack of competence in
the personal where the Lean knowledge was missing. The result of the study was that it could point
out problem areas and allowing further studies to come up with solutions to those problem areas. It
also showed the importance to perform a feasibility study before creating a simulation of the problem. The key advantage of the VSM is the simplicity of it. The conclusion of the empirical case study
confirms that using DES is a complement to the VSM when the problem becomes too complex.
(Palmqvist, 2014)
A case study presented in Venkataraman et al., (2014) explains how a crankshaft production line is
improved with Lean tools such as VSM. The goal of the case study is to increase the company export
by 30%. To achieve this, a current state map was drawn over the production line. After further analysing of the production flow a future state map was created, where improvements and problem
areas where visualised. (Venkataraman et al., 2014)
The implementation of the improvements where made using Kaizen in three steps, where the improvement could be seen in a before and after picture. This led to a 40% reduction of lead time by
working with the VSM. The amount of defects where decreased and a higher process capability was
achieved. (Venkataraman et al., 2014)
Haefner et al. (2014) applies VSM to the field of quality management (QVSM). Here VSM the method
is applied, but instead of the general concept of Muda, only defects are valued as NVA. In the case
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study performed at a circuit board manufacturer, the lessons learned from constructing the VSM
helped reduce both defects and quality costs.
Schönemann et al. (2014) applies VSM techniques on the product development a process known as
extended value stream mapping (Jones and Womack, 2002). In the article Schönemann et al. (2014)
claims that up to 70% of the manufacturing cost could have been avoided if errors in early product
development had been discovered earlier or even avoided all in all. By taking the traditional VSM and
applying a time scale and product characteristics the VSM tool gets another dimension. The case
study at a circuit board manufacturer showed the potential to reduce development costs, manufacturing costs and improve throughput.

4.3 Lean and Discrete Event Simulation
Traditional VSM works great when the production systems are simple and have few variants to produce. Lean manufacturing work towards a one piece flow where different variants are mixed and
changeover times are minimized. This makes it difficult to calculate the data from a traditional VSM.
This problem is treated in Al-Aomar, (2011), simulation-based VSM is used as a guide to estimates
the best improvement parameters in the production line. The study simulates three different Lean
parameters in the V2SM, which are the cycle time, Work in progress (WIP) and Job per hour as an
efficiency parameter. The result highlighted the opportunities of V2SM where the effects of optimizing individual parameters (WIP) showed their impact on the led time.
Combining Lean and simulation would seem a natural fit as both aim to improve the effectiveness of
processes. Abdulmalek and Rajgopal (2007) examined the use of simulation methods and lean principles in the process sector, specifically value stream mapping as the method. Robinson et al. (2012)
examines the benefits of simulation and lean within the health care sector. Although looking at completely different types of processes (process versus service industry) the methods used are very similar, suggesting that the particulars of the process are of lesser importance to the method. In both
cases the value stream of the existing processes is evaluated in traditional form, i.e. pen and paper.
This analogue map is later transferred into a computer simulation. When verifying and validating the
models the methods differed. Abdulmalek and Rajgopal (2007) verified the model by comparing the
results of the model with historic results obtained through the company. Whereas Robinson et al.
(2012) on the other hand had to rely on interviews with employees for verification that the model
acted similarly to the real world. Future-state maps were developed for each process, using lean
principles, focusing on reducing muda. The models were updated to reflect this change and simulations were performed. Both studies show marked positive effects from the application of the lean
principles. However the results and analysis of the results differ slightly. Abdulmalek and Rajgopal,
(2007) finds that the major benefit of using simulation lies in convincing management of the benefits
of Lean manufacturing. Robinson et al., (2012) on the other hand describes that Simulation and lean
acted positively together Robinson et al., (2012) stated that “Lean generates greater engagement
with DES which in turn increases the impact of lean.” (Robinson et al., 2012).

4.4 V2SM
Gurumurthy and Kodali (2011) show the value of using lean manufacturing techniques and ideas
when optimizing production in a medium sized company. Using simulation as a tool to better illustrate the changes and their effects. Application of lean techniques resulted in halving of the floor
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area used and distance travelled for each product in the material handling was reduced by almost
25%. Predictions made regarding stock levels did in the end not prove accurate as management
feared loss of production due to the variability in both processes and supplies and therefore did not
dare to follow the recommendations from the lean simulations.
Xia and Sun (2013) claims that many companies are reluctant to adapt lean principles based on the
difficulty in predicting the size of any potential gains, having to rely on anecdotal examples from other companies. VSM simulations are used to remove doubts about the validity of the anecdotal evidence and provide decision makers with the tools that are needed to make informed decisions. It is
worth to remember though that lean has a large tool set and not all possible improvements will present themselves if only one or two tools are applied to a simulation. “…many benefits of the VSM and
related lean approaches cannot be quantified with simulation modelling” (Xia and Sun, 2013).

4.5 Concluding remarks
All studies agree that performance enhancing activities based upon the information gathered in the
creation of a VSM can greatly improve capacity, quality and lead time. Where VSM helps the most is
by adding a different perspective where the flow is studied rather than the single processes themselves. Simulation has the benefit of actually quantifying the effects of changes in a system without
actually having to make the changes. For the purpose of this thesis it is worth noting that VSM is only
a tool for identifying areas for further work and simulation is used to test future states. VSM in itself
cannot solve any problems.
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5 Data collection
In this chapter D1 Line O-factory will be described and the process of collecting the data needed for
both the traditional VSM and the construction of the VSM simulation model, will be explained.

5.1 D1 Line
By talking to employees, studying work instructions posted at each
station, a basic understanding of the functions and properties was
achieved. Further understanding was gained by simply studying the
D1 Line at work. Figure 7 shows the layout of the plant.
Daily and weekly meetings are had with the personal informing them
of the requested output. But in most respect the line is pushing, trying
to keep the FGI stocked up.
OP05 is a manual station that unloads cylinder heads from pallets
onto the conveyor, radio frequency identifier (RFID) and two indices
are attached. OP10 and OP20 are two stations combined within one
robotic cell. OP10 stamps the cylinder heads with a matrix marking
RFID is reprogramed. OP 20 drills oil channels both lengthwise and
transverse. OP30 are two identical machining stations OP30:1 and
OP30:2, these machines are fed through a conveyor which passes
through OP30:1 on its way to OP30:2, in these machining centers the
top plane is milled, drilled and deburred two cylinder heads in each
cycle. Finished cylinder heads are put onto another conveyer running
in line with the feeding conveyer but below and in the opposite direction. After passing through a turntable, OP66 has been added, this
station grinds the top plane to ensure better adhesion at the customer. OP40 has two chambers, the first washes two cylinder heads at
once and the second vacuum dries another pair. OP50 mounts the
valve sleeves. OP70 mounts camshaft brackets. OP75 is a machining
center that drills, deburrs and threads holes for the injectors working
with two cylinder heads at once. OP80 has three identical machines
OP80:1, OP80:2 and OP80:3 each machine services two cylinder head
each cycle and just like OP30 the conveyor moves the cylinder heads
trough each machine and once the machining is finished the cylinder
heads are placed on a lower level conveyor feeding a carrier that ferries two cylinder heads at the time across towards OP90. OP90 drills
the camshaft holes. OP120 is a sequence station that has 16 separate Figure 7. O-factory, D1 Line, floor
stations chief of which are the cleaning and drying stations. OP135 layout.
removes the indices, attaches frost plugs and checks for leaks. OP140
are two manual quality control stations. Also the RFID is removed before the cylinder heads are
placed onto pallets for delivery to the customer.
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5.2 Customer demands
Once the cylinder heads have gone through quality control, they are placed 20 to a pallet and moved
to the FGI, awaiting pick up from the customer. The customer is H-factory, internal assembly, here all
internal parts, camshafts, crankshaft, pistons and so on, of the engine are assembled. Henric Oscarsson, production planner for the D1 line, stated in an interview on 11 November 2014 that the current
customer demand is approximately 150 units each shift, for a total of 510 per day (with a 10% variance). The customer has small buffer area for cylinder heads, but demands on delivery performance
is set high enough that a FGI with room for 3000 units is deemed necessary. An internal decision is to
have the FGI at least contain 500-1000 units continuously.

5.3 Supplier information
The cast aluminium raw material is delivered from a caster in central Europe, adding 4 days of delivery delay. In the interview on 11 November 2014, Henric Oscarsson stated that the supplier has access to plans 60 weeks in advance and has the capacity to ship 3 days a week. As each truckload has
space available for 1080 units, the production planners try to fill each truck. Deliveries arrive at the
raw material warehouse Tuesdays, Thursdays and Fridays. To ensure that the line will never run out
of material it has been decided to have a minimum of material for 48h extra in stock. The castings
will also need to reach room temperature to ensure consistency in measurements. The net result is
that at any time a substantial amount of raw material is on stock.

5.4 Cycle times
In accordance with Volvo’s guidelines four cycles were timed for each station. Time was measured
between the first unit entering, and the second entering, the results are available in Table 1. Steps
were taken to ensure that the conveyor leading into the machine had units available and that the
conveyor leading out was not full and thereby hindering the flow.
Table 1. Time Study D1 (numbers have been altered due to confidentiality)

Operation
05D1
10D1
20D1
30:1D1
30:2D1
66D1
40D1
50D1
70D1
75D1
80:1D1
80:2D1
80:3D1
90D1
120D1
135D1
140D1
Total

CT:1

114
52
110
519
468
137
202
161
85
344
861
471
411
158
47
46
67

CT:2

130
109
111
266
311
143
96
129
103
346
696
871
955
107
52
47
102

CT:3

252
60
108
365
659
101
125
80
67
263
997
907
708
135
67
56
160

CT:4

232
80
103
478
753
50
86
63
79
251
606
490
795
119
88
89
70

CT: Mean

CT: Max

CT: Min

182
75
108
407
548
108
127
108
83
301
790
684
717
130
64
60
100
4593

252
109
111
519
753
143
202
161
103
346
997
907
955
158
88
89
160
6054

114
52
103
266
311
50
86
63
67
251
606
471
411
107
47
46
67
3118
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Adjusting times for the number of units worked upon in parallel or in tandem yields Table 2. In this
table it is easy to spot which stations will generally set a theoretical upper limit on the possible takt.
Table 2. Limiting operations (numbers have been altered due to confidentiality)

Operation
05D1
10D1
20D1
30D1

CT: Mean

30:1D1
30:2D1

CT/Head

1
2
1

790
684
717

2
6
2
2
2

108
64
108
83
151
122
395
342
359

130
64
60
100

1
1
1
1

130
64
60
100

407
548
108
127
108
83
301

66D1
40D1
50D1
70D1
75D1
80D1
80:1D1
80:2D1
80:3D1
90D1
120D1
135D1
140D1

Heads/OP
4
1
1
4
2
2

182
75
108

1

46
75
108
119
204
274
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5.5 OEE
Volvo tracks each stop in every machine, both how often the machines stops and also the duration of
these stops. With the help of the production department the total number of stops for a period of
three weeks was documented. Using the method in Equation 2 the availability was calculated for
each station. By dividing the stopped time with the number of stops MTTR was calculated, the results
are documented in Table 3.
Table 3. OEE figures (numbers have been altered due to confidentiality)

Operation
05D1
10D1
20D1
30D1

Stop time (s)

Stops

Availability (%)

MTTR (s)

30:1D1
30:2D1

0
27290
15947
21155
2850
48258

0
46
44
48
11
84

100
99.63
98.08
99.06
98.28
99.50

0
398
409
282
214
212

80:1D1
80:2D1
80:3D1

4368
25986
11697
20576
10188
9744
5958
8136
11853

17
76
32
159
36
31
20
35
79

99.54
99.50
99.66
99.64
99.85
99.21
99.79
98.76
98.76

175
165
222
136
847
180
159
270
270

2769
17704
4847
0

2
101
13
0

98.92
99.83
98.01
100

375
312
439
0

66D1
40D1
50D1
70D1
75D1
80D1

90D1
120D1
135D1
140D1
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5.6 Stock levels
The number of cylinder heads not undergoing actual work was counted by visually examining warehouse, buffers, carrier and conveyors. The levels and capacity are documented in Table 4.
Table 4. Stock levels (numbers have been altered due to confidentiality)

Place
Warehouse
Preloading
OP05 - OP10
OP20 - OP30:1
OP30:1 - OP30:2
OP30:2 - OP30:1
OP30:1 - OP66
OP66 - OP40
OP40 - OP50
OP50 - OP70
OP70 - OP75
OP75 - OP80:1
OP80:1 - OP80:2
OP80:2 - OP80:3
OP80:3 - OP90
OP90 - OP120
OP120 - OP135
OP135 - 140
Palletizing
FGI
Total

On Stock
1321
130
16
5
5
0
24
13
4
4

Capacity
13684
96
12
16
2
5
19
25
6
5

10

14

10
0
0
6
2
1
0
11
489
2050

33
3
3
12
6
3
18
85
3762
17807

5.7 VSM at Volvo
In an interview with lean engineer Jerry Axén on the 2nd of November Volvo’s usage of VSM was explained. Every producing factory has as an objective to perform a VSM yearly. The Goal of this VSM is
threefold. A) Any problem areas are to be found, establishing a basis for further improvements targeted at those problem areas. B) Reach a consensus within the organization about these problem
areas, as it is not uncommon for departments to hold differing views on where problems lie. This is
partly the reason for the composition of the VSM group, gathering people from all involved parties.
C) Education on lean manufacturing, even though lean has been a part of Volvo thinking for a long
time, there is still need to teach the organisation on what lean is, VSM is used as a tool for that.
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6 Traditional VSM
Using the data collected the map in Appendix E was constructed using the symbols used by Volvo
(only notable difference against the standard symbols is the use of tombstones to designate pushing
conveyors). Each process block was colour coded to match the value adding state, green for VA, yellow for NNVA and red for NVA. Volvo has chosen to designate every process as being VA, the VSM
done in this thesis though, has chosen to actually value the actions of the process, and therefore
some processes ended up yellow instead of green. The different coloured backgrounds for the processes help show which processes are serviced by the same operator. As can be seen in Figure 9, a
short description of what each process does and the relevant data is included in the data box.

Figure 8. The VSM of D1 line.

Figure 9. Detail of D1 line traditional VSM (confidential data masked)
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7 Creating the V2SM-module model
In this chapter the process of constructing the VSM simulation model is described.

7.1 Software study
The V2SM chart is created around a numerous objects, which are connected to each other by a material flow connector and an information flow connector where needed. It is of great importance to
understand the different objects interaction to each other to be able to create a realistic V2SM-chart.
The objects different functionality and interaction with each other can be studied in chapter 7.3.
7.1.1 Production control
The PPS (production control) (Figure 10) is the key object in the V2SM-module
and manages all the order protocols from the customer or a supermarket. It also
provides information about the orders to the different processes in the V2SM by
defining them in a product table. Error messages is stored and can be read in the
Figure 10. PPS
PPS, when a new message has arrives a letter icon appears in the PPS. The object
manages the customer demand by controlling the lot sizes and which product to produce. The disposition interval is defined in time and logging of the disposition data can be selected by the user.
7.1.2 Supplier
The supplier (Figure 11) delivers the raw material to the V2SM. It has a direct information flow from the PPS where the order size and type is transferred and a
material connector to the first process in the V2SM. It is possible to choose in
which days the orders are delivered, the package (batch) size and the quantity of Figure 11. Supplier
packages. There is also an option where a shift calendar can be implemented.
7.1.3 Customer
The customer (Figure 12) creates orders to the production control, which transfer
the orders to the supplier. The orders are specified in parts per order, interval of the
orders and the range of variety of the products. The customer object represents
statistics on the orders lead time, transport time and portion of storage. The object Figure 12. Customer
is placed last in the V2SM chain. It is connected to the Production Control through an information
connector and a material connector from the last process in the model.
7.1.4 Process
The process object (Figure 13) is used to imitate several different processes and in this
V2SM it is used to imitate forklift transports, washing machines, manual stations, automated robot cells and machining processes. The object connects to the rest of the
V2SM through a material flow connector and if needed also information flow con- Figure 13. Process
nector to the PPS. The process objective can manage several different products with
different cycle times and lot sizes. Setup times between different products are managed in a setup
matrix. The reliability is simulated in availability and MTTR. The shift calendar is used by linking the
shift object to the process object. Depending on the layout different exit strategies can be selected.
The rework and scrap rate is defined in percent for each product. The process can be designated as a
value adding process for statistics of the V2SM.
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7.1.5 Process Multiple
Several independent parallel processes is simulated simultaneously with the process
multiple object (Figure 14). It has the same properties as the process objective (Figure
13) but with the option to choose how many parallel processes to simulate. The process
multiple object is used in this thesis to simulate OP80 and OP30 as they are parallel Figure 14. Process
multiple
machining processes.
7.1.6 Process Indexed
Process indexed (Figure 15) is used as a transfer machine where sequentially arranged
stations are required. The object contains a predefined number of stations and only steps
forward when all the stations are finished. In this thesis it is used for simulate the wash- Figure 15. Process
ing machines. It has the same properties as the process objective (Figure 13).
indexed
7.1.7 Process assembly
This (Figure 16) works as an assembly process where the incoming part requests a bill of
materials consisting of sub parts in defined quantities. Products with different cycle times
and setup times are defined in the object. The process needs an information flow from
the PPS to work, this gives information about the number of products to be produced. Figure 16. Process
assembly
Supplemental settings can be studied in the process objective (Figure 13).
7.1.8 Supermarket
The supermarket (Figure 17) works as a controlled inventory that delivers material on a corresponding order and restocks when the minimum level of stock
is reached. The supermarket needs an information flow for ordering more
products when the reorder level is reached. The inventory levels for different Figure 17. Supermarket
is defined through a setup matrix where maximum stock and restocking level
is determined se Appendix B for a detailed view of the setup table. The supermarket object can plot
the current stock values and show a histogram on the minimum, maximum and average stock values.
When the supermarket reaches reorder level or safety stock, the object flashes (Figure 17) to notify
the user that a new order is being created. In this thesis the supermarket is used as an RMI, this is
useful since the stock can be monitored and the behaviour studied in detail.
7.1.9 Inventory
The inventory (Figure 18) stores an unlimited amount of material, but with the option to
choose initial stock value and in practice there has to be an initial stock, otherwise the subsequent object will try to access an empty inventory and the simulation will not run. The
object logs statistics on maximum and minimum stock and has the ability to plot the Figure 18. Inventory
stock values over time. The delay time before restocking can be defined. In this thesis
the inventory object is used as a raw material inventory.
7.1.10 Transport
The transport (Figure 19) is used as a conveyer with a predefined transport time and capacity. In this thesis it is used as a conveyor between the objects. The object provides Figure 19. Transport
five different exit strategies: A) Cyclic, transports products cyclical between the successors, even then they are occupied. B) Start at successor 1, prioritize the first successor and only sends
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products to the other successors when the first successor is blocked. C) First free successor, the
products are moved to a non-blocked successor. D) Percentage, The products are distributed in percent between the successors according to a predefined table. The indication of a bottleneck in the
VSM can be detected when the transport is constantly occupied.
7.1.11 Transport external
In this thesis the external transport (Figure 20) is used to represent the transport from RMI
to H-factory. The transport external has only two setup parameters, the transport time Figure 20.
Transport external
and the return trip, both are defined in time units.
7.1.12 FIFO
The FIFO (first in first out) object (Figure 21) works as a transport object in the V2SM.
However this object does not mix the order of the incoming and outgoing products. The
setup is defined in the same way as in 7.1.10 Transport.
Figure 21. FIFO
7.1.13 Kanban
This object (Figure 22) is used to simulate kanban ordering. This is used to get material
from a supermarket or an inventory. Several parameter need to be define before running
a simulation. First the product has to be setup in a production table including: product, Figure 22. Kanban
base product, number of kanban cards and parts per kanban card. There is an option to
use traffic-light-kanban where the user can specify the number of kanban cards used fore: green,
yellow and red traffic-light-kanban. Heijunka board is the third way of using the kanban and is defined in a Heijunka board where the interval time is specified by the user. Logging is possible in a
kanban protocol or direct feed in a display panel.
7.1.14 Schedule Box
With schedule object (Figure 23) the delivery of material is defined specific for each delivery day where a table file defines the type of product and quantity. This is useful i.e.
Figure 23. Schedule
Box
when specific production plans needs to be compared against each other or to
demonstrate the production plans influence on the setup times.
7.1.15 Data Exchange
To simplify the data management, all setup parameters in the object can be transferred
into an excel file. This provides a better overview of the data and the ability to change the
parameters directly in to the excel file. The object can then read and implement the data
Figure 24. Data
from the excel file. (Figure 24)
Exchange
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7.1.16 Connectors
The blue material connector (Figure 25) is used to connect objects for material
transfer through the VSM. This thesis uses the material transfer connector be- Figure 25. Connectors
tween all objects that has a material flow.
The information connector (Figure 25) is essential for the VSM to receive production orders from the
PPC. This connector is used when an object needs material from a precursor that is an inventory,
supermarket or a supplier. The information connector sends data where the amount and product
type is specified. This is used to create a pulling system and production against order.
Kanban connector (Figure 25) is used to connect the kanban object with the kanban ordering and
receiving objects (see Figure 22).

7.2 Analysing Objects
7.2.1 Utilization and Stock
This (Figure 26) is a key object when analysing the output data in the V2SM, it will visualize the bottlenecks of the system and display what the different processes are occupied
with. Figure 27 symbols the machines on the x-axis and the utilization or stock on the yaxis. The stock inventories are displayed in real time during the simulation run (marked Figure 26. Utilizaas purple in Figure 27). The unplanned time (light blue) symbolizes weekends and tion and Stock
planned maintenance stops. There is a clear bottleneck in Figure 27, the operations before OP30 are
blocked and have a low working utilization compared to OP30.

Figure 27. Utilization and Stock Diagram
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7.2.2 Stock Plotter
The stock plotter (Figure 28) is able to log and plot the stock levels of any inventory or
supermarket in the V2SM. This is useful when studying the stock levels dependence of
each other and the stock levels influence on the production line. The stock plotter object Figure 28. Stock
works as a “drag and drop”, the user drag the desired plot object in to the stock plotter Plotter
object.
7.2.3 Product Plotter
The product plotter (Figure 29) is a further basic plotter than the stock plotter. There is no
setup in the product plotter, only a definition of what product to plot. It will then plot all
inventories and supermarkets where the specified product is stored.
Figure 29. Product
Plotter

7.2.4 Flow Grade
The value adding time in the V2SM is obtained by using the flow grade tool (Figure 30).
The user has the ability to select which area to analyse. For example can the value adding
time without the FGI and RMI be analysed. The flow grade tool measures: throughput
time, value adding time, waiting time, transport time and value adding time portion in Figure 30. Flow
Grade
percent.
7.2.5 Down stream
When simulating various products in different machines or splitting lines, the downstream tool visualise the path in the V2SM of a selected product (Figure 31).

Figure 31. Downstream

7.2.6 Process Analyser
The object process analyser (Figure 32) logs the ordering: min/max/current/available
quantity, order status, order type, supplier and reorder level in a table file. However this has only
practical use for the stocks, where deviations are detected.

Figure 32. Process
Analyser

7.2.7 Diagram
The Diagram (Figure 33) works in the same way as the utilization and stock object (Utilization and
Stock 7.2.1), but with significant more setup parameters. The input data to the diagram is selected as
an object or a table file of several different objects. The data mode has three different Figure 33. Diagram
setups: sample, where the interval time is specified, watch and plot. The display and layout of the diagram has a numerous tweaking capabilities.
7.2.8 WIP
The WIP (Figure 34) tool analyses the current stock levels in supermarkets and inventories. The data
is then presented in a table file, where the different products are divided in columns and the objects
in rows.

Figure 34. WIP
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7.2.9 EPEI
The time to produce a lot of every product variant is calculated with the EPEI (every part
every interval) (Figure 35). The calculated EPEI value is a rate of flexibility in the production process. The value is calculated from a formula using: lot size, cycle time, rework rate,
setup time, number of resources, availability and the working shift time. The results are Figure 35. EPEI
presented in a table where an object with a deviant higher EPEI value is a hint of a problem area in the V2SM.
7.2.10 FIFO Analyser
Occupancy in FIFO objects are monitored using the FIFO Analyser object (Figure 36) in
the V2SM. The user is able to select witch FIFO objects to observe. The occupancy of the
FIFOs is presented in a histogram, which the x-axis represent the number of products
Figure 36. FIFO
and on the y-axis present the time portion in percent. The visualisation of the different Analyser
FIFO objects is divided in coloured bars in the histogram.
7.2.11 Display Panel
The ability to view data in real time is important when presenting and analysing
the V2SM. This feature is represented as a display panel (Figure 37) in the
V2SM. However the ability to change the displayed data is limited by the software. Figure 37 represents all the available data the display panel is able to
present. Hence the data display is divided in two categories, a) properties,
which will present the predefined data for the process, b) statistics, which the
user is able to define. The available statistics data can be studied in Figure 37.

Figure 37. Display Panel
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7.3 Functionality
The production control is a key element in the V2SM, it receives orders from the customer and then
creates a production plan for the V2SM. The information connectors in Figure 38 send information
from the customer H_Factory to the production control, where order size and product type is specified. The production control then sends information to the trailer and loading_train which retrieves
material from the RMI. When the stock in the RMI reaches the predefined reorder level, the RMI
sends information to the production control to start producing the reordered product.

Figure 38. V2SM functionality (customer half)

The illustration in Figure 39 shows that Raw_material orders material through the information connector to the supplier when the Raw_material reaches the predefined reorder level. The production
control then sends information containing amount and type of product to the In_truck1, who retrieves the products from Raw_material. The advantage of using the supermarket as an ordering
object is that excessive ordering which leads to massive stocks are avoided. However as seen in Figure 39 there is no need for an information connector between the supplier and production control.
Hence this creates a pulling system when delivering products only against order.

Figure 39. V2SM functionality (supplier part)
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The material flowing in the V2SM is symbolized by orange circular objects see
Figure 40. There are several advantages of visualising the material objects i.e.
hints of bottleneck areas for further analysis and the behaviour of the production line when manual and automated processes are mixed together and Figure 40. Material objects
where the manual stations are paused during breaks. However one of these
objects can represent several objects stacked upon each other. The piles occur when a process releases more than one object at the same time.

7.4 Model construction
The model creation process follows the established V2SM methodology described in chapter 3.3 and
Figure 6. The approach methodology used in this model creation is a transfer from traditional VSM to
V2SM. The advantage of this methodology is a greater understanding in the differences, similarities
between VSM and V2SM.
The value stream for this V2SM is the Cylinder head line D1 in O-factory, from the customer in Hfactory to the supplier deliveries in raw material inventory. The value flow contains two different
products, Euro 5 and Penta. The value stream covers various different processes such as: machining,
automated robot assemblies, washers and manual processes. In the process of understanding the
customer value, Henric Oscarsson the production planner for the D1 line was interviewed on 11 November 2014. The interview gave data concerning the production control, customer and supplier.
However the most important information was the demand from the customer since this controls the
whole value stream. The V2SM supermarket object RMI places a material order when the defined
reordering level of two days production is reached. The supplier delivers material three times a
week, which is stored in the RMI in the V2SM. The supply truck always arrives as scheduled, however
the supplied cargo varies depending on the order from the RMI. One delivery can provide material
for up to two days of production. This creates a pulling delivery system where unnecessary stocking
is avoided. The V2SM initial stock is set to two days production, which means instant order from the
RMI when the simulation starts.
When the FGI stock drops below reordering level of two days production, the FGI sends information
to the production control that starts producing the amount of cylinder heads needed for a maximum
stock. This approach was selected due to create a pulling value stream, which follows the production
plan from the customer.
In an interview on 11 September 2014, Christer Helander, Production technician, stated the process
flow data for O-factory D1. The data was obtained from the surveillance system Clamator (it tracks
the state of the machine, and documents, amongst other things, stops) and contained stop time,
amount of stops, availability and MTTR. The technical stop time where calculated by subtracting the
planned stop time, this technical stop time was used in the V2SM.
The data collected in chapter 5 was used as a template to the data input in the V2SM, however additional data specific for the V2SM was measured by a study of the production line on site. The conveyor speeds (meter per second) were measured as an average of three different measurements.
The capacity of the conveyors and the production line were measured on site, this gave a better un33
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derstanding of conveyors behaviour and functionality. The cycle times were measured on site and
contained an average of three different measurements.
Since the V2SM module in Plant simulation supports drag and drop, the model object construction
was a straight forward process in the V2SM. The layout of the model can be studied in Appendix D.
To ensure the functionality of the model, several test runs where performed for every new and
changed object in the V2SM. The lot sizes are the number of products the machine releases when
finished, this was useful when the number of mandrills where more than one in the machining processes. XBP or the quantity of the required base product where set to one since the products are
machined and not assembled.
The first object in the V2SM were the Production Control, the product table containing the different
products where defined in this object even the disposition interval was defined here. The supplier
was the next object in the V2SM and it represents the delivery truck. The products package sizes and
delivery days where defined in the supplier object. The raw material inventory is represented by a
supermarket, the choice to go with a supermarket was done since that is the only storage object
which lets the user choose a maximum stock level. The forklift delivers material from the supermarket to the production line and is represented by a single process object. However the production
control has an information control to the forklift object which provides information regarding deliveries from the supermarket. OP05, OP10, OP20, OP30 and OP66 are presented by single process objects connected with transport objects as conveyers. The washer machine OP40 works as a transfer
machine and is therefore represented by a process indexed object. Hence comprises OP50, OP70,
OP75 and OP80 single process objects followed by the carrier represented by the transport external
object. The machining robot cell OP90 and robotic cell OP135 are represented by the process object,
while the washing machine OP120 is simulated as a process indexed due to its functionality as a step
by step process. However, the manual process quality check and the related lifting table is simulated
as process multiple since they are able to work with two products simultaneously. The FGI consists of
a supermarket object with an information connector to the production control. Hence it controls the
production by ordering more products when the reordering level of two days production is reached.
The loading of the trailer is a collaboration of three objects, the loading train process object, out
truck inventory object and the trailer represented by a process object. The loading train and the
trailer object receive information from the production control when the customer needs a delivery of
material. The M3 train object transporting material to the customer is simulated by an external
transport. Two different shifts where implemented, a) shift machine, which controls the automated
processes, b) shift human, which controls the manual and semi-automated stations. However the
difference between these two shifts is the scheduled pauses during the day. The simulation runs can
be studied in chapter 9 Experiments.
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7.5 Discovered Software Problems
When the V2SM validation and verification stage started several unexplained phenomena occurred,
i.e. improper data and throughputs compared to the traditional VSM. The V2SM model objects were
verified individually to discover any chain related irregularities. Hence to understand the different
object behaviour a deep study of the help instruction was performed. The study showed that the
objects behaviour and the help instruction did not match on several objects. However this has made
the V2SM significantly redesigned to be able to round the errors. The errors have been verified in
plant simulation version 11 TR2.
The most significant error that affects the visual recognition and the data output of the V2SM is localized in OP80 and OP30 where there should have been parallel machines or multiple objects. This
error occurs when: a) splitting the line in parallel systems, where the exit strategy does not work
according to the help instruction, b) when using the multiple object, since it will ignore the predefined number of machines. However this problem was circumvented by using a single process, but
with cycle times adjusted accordingly. This will impact the production portion calculation and produce a worse result than expected.
The verification process of the supermarkets revealed irregularities in the stock settings. The supermarket is stocking above the predefined maximum value in the reordering process. However this
problem also caused cascade effects on the reordering when the ordering supermarket and the delivering supplier lead times. With low stock levels the simulation wouldn’t run and with higher levels
the supermarket filled over its capacity. This error has been verified in plant simulation version 11
TR2.
The display panel is an important tool when presenting and viewing the V2SM model. However, the
data shown in the display panel is predefined by the software and although the user can change it, it
will reset to its predefined state at the start of any simulation run. Furthermore, the use of a setup
matrix for setup times between different products will in conjunction with the use of the display
panel crash the simulation. This is why the display panel is missing in OP10 in this thesis V2SM. The
error has been verified in plant simulation version 11 TR2.
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8 Creating V2SM non-module model
In this chapter the creation of a V2SM model not using the actual Plant Simulation VSM module.
Focus of the model is to marry the visual apperance of the pen and paper VSM with ease of use.

8.1 Apperance
Custom icons were created for the symbols and data boxes used in the pen and paper VSM. The data
boxes relate real time information about the block, such as stock level for a buffer. As can be seen in
Figure 41 the colour of the process icon will mirror the value addition of the process within, VA will
be green, NNVA will be yellow and NVA will be green.

Figure 41. V2SM model appearance

8.2 Functionality
Inside each block are the standard objects needed to simulate the function of the desired process.
Figure 42 shows the logic behind a process handling two objects at the time, in D1 line, OP30 and
OP80 are examples of stations working like this. For this to work, a predetermined number of units
are stacked together into a container in the assembly object. In the SingleProc object the actual work
cycle is performed. Afterwards the units are once again removed from the container and sent onwards, the container is placed in the buffer, awaiting reuse.

Figure 42. Parallel Processes functionality

All the data that need to be entered into a process block has been moved outside the actual objects.
Figure 43 shows how this appears for the process block in Figure 42. The main reasons for this is to
simply for the user as each block has a multitude of settings, by simplifying the inputting of data, the
user no longer need risks entering data in the wrong field or even into the wrong object. Care was

36

Fredrik Lindelöw
Staffan Raupach

Virtual Value Stream Mapping

University of Skövde
School of Engineering Science

also put into designing generic components that would be able to be used to simulate any value flow,
not just D1 Line.

Figure 43. Data entering view
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9 Experiments
The objective for the experiments in the V2SM module is to verify and test its ability to imitate a traditional VSM. Hence the first simulation runs where used as a verification process, the results where
then analysed and compared with the traditional VSM. Simulations were performed with a warm up
period of 20 days and an actual simulation run of 100 days. Additional experiments where performed
with fictive setup times to test the models reliability during increased pressure. All the simulation
runs where performed with same predefined stock levels as the measured levels in the traditional
VSM.

9.1 Output Data
The V2SM module offers a package off predefined analysing tools that are described closer in chapter 7.2 Analysing Objects. However, the ability for the user to configure the analysing objects is strictly limited to the predefined parameters in the V2SM module, hence this makes the analysing process
simpler for the novice user and restrained for the professional user. There is no tool for analysing the
throughput while the simulation is running, so the steady state analysis where based on the FGI stock
variation (Figure 45). However the steady state analysis showed that the V2SM reaches steady state
instantly due to its predefined stock levels and less complexity compared with a traditional DES.

Figure 44. Utilization and Stock Output Data

The most valuable tool in the experiment step was the utilization and stock plotter (Figure 44), since
it gave a complete overview of the performance and state of the processes. This tool showed the
bottleneck processes OP30 and OP75 due to the higher utilization and blocking levels compared to
the rest of the processes. The utilization and stock diagram updated during the simulation runs
where pauses, weekends and planned maintenance stops impact could be followed. The pauses impact on OP135 is visualized as a blocking parameter. The utilization showed less occupied processes
suitable as future balancing objects. The variation of the stock levels in the raw material and FGI inventories could be monitored during the simulation run, this was helpful in the verification process,
as the levels could be compared to the traditional VSM.

38

Fredrik Lindelöw
Staffan Raupach

Virtual Value Stream Mapping

University of Skövde
School of Engineering Science

Figure 45. FGI Inventory Levels
Figure 46. FGI Stock Plotter

The FGI stock plotter diagram (Figure 46) visualised how FGI stock fluctuated during the simulation
run, max, min and average values are instead studied in the inventory as shown by Figure 45. Pauses
and weekends are marked as horizontal straight lines in the plotter. The stock replenishment is clearly marked as steps of 20 products at the time. However the outlet varies from 20 to 120 depending
on the orders from the customer.

Figure 47. Delivery Time

Figure 48. Orders within Threshold

The lead time statistics in the order process are displayed in the plot showing minimum, median and
maximum values Figure 47, with a median time of 28 minutes for Euro 5 and 20 minutes for Penta.
Hence the order threshold where set on 30 minutes this gave a delivery precision of 98% within the
threshold (Figure 48). The delivery and lead time tools where useful in the experiments runs since
they give data that can be used in the future state analysis and in the verification process of the
V2SM.
The delivery and lead time tools were useful in the experiments runs since they give data that can be
compared with the traditional VSM and a future state V2SM. However there is no predefined tool
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that measures the throughput per hour, hence this needs manual calculation from the user. The data
from the VSM and V2SM points out the same bottlenecks in the production line.

9.2 Production portion
As part of the traditional VSM the production portion is calculated. The calculation needed is
described in Equation 6. The production portion is used as a measurment of how well the value flow
for that particular product or product group works, a higher value means less waste.

Equation 6. Production portion calculation

The value added time is simply put the time each unit spends in any value adding process from start
to finish. Total time is the time from acceptance at the warehouse and delivery to customer. The
Figure 49 show the calculation for D1 Line, these numbers are not unusual for a manufacturing process, but could in no way be considered good numbers.

Figure 49. Production portion calculated in the traditional VSM (numbers have been altered due to confidentiality)

Production portion is also calculated directly when a simulation run is performed in the V2SM model,
without the graphical representation. With 20 days warm up period, and a 100 days simulation run
an average production portion of 0.48% was achieved.

9.3 Setup times
Set up time was added as a feature to the V2SM model. As setup times are not an existing part of D1
Line, numbers had to be invented and could not be empirically verified. With the addition of set up
times the system behaved in the expected manner, handling short setup times between variants,
without disruption to the system. Large set up times and set up times between units of the same
type had a notable effect on the throughput of the system.
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10 Discussion
In this chapter the three different VSMs will be discussed, compared and analysed, traditional VSM,
VSM using the Plant Simulation module and VSM using traditional Plant Simulation objects.

10.1 Visuals
The recognition factor in VSM is important as many of the intended users might use the VSM to get
an understanding of a production flow they have minimal knowledge of. The appearances in all three
maps are customisable, in the traditional VSM the designer may of course use any desired symbol
and using a V2SM any icon may be redrawn and changed. When it comes to the matter of the data
boxes the VSM module has some issues, the data to be displayed cannot be changed, as any changes
revert on initialization of the simulation. The decision would have to be to either not having any data
boxes or the predefined values (some of which are completely irrelevant).

10.2 Ease of construction
The act of constructing a map of the value stream is not overly complicated regardless of which
method is being used, however all methods have their own limitations. Constructing a VSM using the
pen and paper method requires good penmanship, legible writing and an appropriately sized paper.
If instead of using pen and paper, a computer program such as Excel or Visio is used, these shortcomings can be disregarded. Constructing a VSM using either traditional Plant Simulation or Plant Simulation with the VSM module, does require some experience in simulation model design, and the VSM
module in particular requires knowledge of in which order processes can be connected (for instance
two processes may not be connected to one another).

10.3 Functionality
As long as the standard method and symbols of designing a VSM is used the readability of the map
will be high. That will however be the extent of the functionality. A V2SMs functionality will however
be measured on its ability to simulate and predict the reality. This means that the functionality will
be highly dependent upon the skill of the modeller. The resulting model will also require testing to
verify its functionality.

10.4 Data
The pen and paper method does in and of itself not produce any data, all it does is to present information in a visual manner. The data used in the VSM however can be expanded upon to show where
for instance areas for improvement exist. V2SM models does improve upon the data entered into it,
for instance the stock levels will behave in a natural manner meaning that instead of a single snapshot that may or may not prove to be a fair representation of the reality at any other moment, a
V2SM model produces relevant data that show how the stock level fluctuates over time.

10.5 Sustainability
The sustainability perspective is based on a life cycle thinking which is viewed from three different
approaches. a) The Planet perspective where the nature’s resources are taken in account and reuse
of raw material is the main object. b) The People perspective is founded on the future wellbeing of
humanity. c) The profit perspective is the business part on which business motivation is based. (Käll41
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ström, 2014) This thesis links all three perspectives, where the V2SM reveals the production losses in
unnecessary inventories of material and NVA processes in the production chain. By revealing these
losses the correct measures can be focused on the right areas, where resources in energy, material,
labour and lead times are saved. The V2SM interacts with both the profit perspective and the planet
perspective, where the latest also is linked to the people perspective where an increased productivity
by a better use of technology in the end benefits for the sustainability of our welfare. In the end,
sustainability only leads to benefits in competition, lower costs and lower risks (Källström, 2014)

10.6 Further Work
The project unveiled several software problems in the module. It is important that further work verifies that future versions of the V2SM module works according to the V2SM module software manual
before putting the module in practice. The projects own developed V2SM works, however, it still
needs further work as work was only put into the objects and functionality actually used in this project. A lot of effort will need to be put into providing easily accessible data generators for the object,
something that the module does very well. This would require a substantial investment in time as
logical programming is time- consuming, as this is outside the scope of this project, no greater focus
was put into developing this. It would however be interesting to see how close it would be able to
come the intended functionality of the V2SM module.

10.7 Recommendation
The V2SM module cannot be recommended as it stands at the writing of this thesis, it is not complete. There are too many software issues discovered, these may however be corrected in the future.
The use of V2SM is also perhaps not applicable for Volvo as the traditional VSM provides almost all of
the same benefits in the way Volvo uses VSM at the moment. Any potential benefits of using V2SM
first comes in the use of verification of potential benefits in a desired future state, this is however
better served by a traditional simulation as it provides a greater level of detail.
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11 Conclusions
Value stream mapping as a tool aims at providing management and production personnel with a
simplified perspective, creating both understanding and ideas for improvement. By simulating the
value stream, these ideas can be tested and their worth quantified. The inherent problem is that as a
tool, VSM is limited in the complexity of problems it can provide answers to. V2SM increases that
capability somewhat and at a low cost in regard to time investment.
The major findings in the project were the differences between traditional VSM and V2SM, however
where the V2SM has the advantage when it comes to future state analyses, the traditional VSM is
still a suitable tool for mapping the value stream and searching for bottlenecks in the value stream.
The V2SM is a simple simulating tool aimed at users with little or no earlier experience in simulation
software. One of the objectives of the project was to evaluate the V2SM module. However, several
software problems have been found in the V2SM module. Despite this the data from the traditional
VSM and the V2SM points out the same bottlenecks in the value stream. Hence the project also conducted a study in developing a V2SM tool using the current simulation software, this study revealed
that it is possible to do so and still acquire the same data output as in the V2SM module.
This means that the V2SM is a tool suitable for testing improvements before implementing in production. The most important difference between the VSM and the V2SM is that the V2SM has the
ability to work with a value stream of mixed products with different cycle times. This however is a
problem with the traditional VSM, which lack the ability to predict future production increase with an
improvement in a production flow with mixed products. A regular simulation with a whole production line will work at least as good as a V2SM simulation and for most practices far better, however it
will be considerably more demanding for the user and also a require a higher cost in software licenses. This is why the V2SM is suitable for the production technician on the factory floor, who needs
testing of the line capacity before improvements or future changes in the batch sizes. However, a
V2SM simulation will always be a lighter version of the regular simulation since the input data has
considerably fewer input parameters, hence the output data will never be as accurate or have the
ability to test as many parameters as the regular simulation i.e. tools changes, operation movement
and measuring frequencies.
It has been shown that some software issues of the V2SM can be solved by the customised V2SM
simulation objects developed in the project using Plant Simulation. However, the license cost will
make it unjustifiably expensive when compared to the existing V2SM module. The own developed
V2SM can still be of usage for the simulation engineer since it more closely follows the visual pattern
of a traditional VSM when, this holds especially true for distribution and presentations of the model.
The results of the V2SM has been verified and validated by comparison with the traditional VSM. This
revealed similarities with output data since the V2SM presented the same bottlenecks, stock levels
and throughput as the VSM.
The data from the production line O-factory D1 where acquired through the system Clamator with
help of productivity engineer Christer Helander. The cycle times was gathered by measuring the cycle
time by stopwatch.
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Despite the fact that the V2SM module showed several serious software problems it still produced
reliable results. The problems has been isolated and tested individually in the V2SM. Our supervisor
at Volvo Cars simulation engineer Tommy Sellgren has been informed about these during the projects progression. This has been described in details in Section 7.5.
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Appendix A - Commonly used VSM symbols.

Manufacturing Process

Outside Source

Supermarket

Buffer/Safety Stock

Operator

Kanban

Truck Shipment

Air Shipment

Data Box

Inventory

Pull

Push

Electronic Information
Flow

Boat Shipment

Manual Information
Flow

Lifting Truck
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Appendix B - VSM module objects
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Appendix C
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Appendix D

Data masked due to confidentiality

Data masked due to confidentiality
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Appendix E
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