
Transformation of internal logistics

- with autonomous transportation

Master’s thesis in Production Engineering

FILIP LARSSON & AXEL WERNESTRAND

Industrial and Materials Science

CHALMERS UNIVERSITY OF TECHNOLOGY
Gothenburg, Sweden 2023
www.chalmers.se

www.chalmers.se




Master’s thesis 2023

Transformation of internal logistics

with autonomous transportation’s

Filip Larsson & Axel Wernestrand

Department of Industrial and Materials Science
Division of Production Systems

Chalmers University of Technology
Gothenburg, Sweden 2023



Transformation of internal logistics
with autonomous transportation’s
FILIP LARSSON & AXEL WERNESTRAND

© FILIP LARSSON & AXEL WERNESTRAND, 2023.

Academical supervisor: Sabino Francesco Roselli, Department of Electrical Engi-
neering
Industrial supervisor Jerry Olsson, Skandia Elevator AB
Examiner: Ebru Turanoglu Bekar, Department of Industrial and Materials Science

Master’s Thesis 2023
Department of Industrial and Materials Science
Division of Production Systems
Name of research group (if applicable)
Chalmers University of Technology
SE-412 96 Gothenburg
Telephone +46 31 772 1000

Cover: Visualisation of the factory layout created in Visual Components.

Typeset in LATEX
Printed by Chalmers Reproservice
Gothenburg, Sweden 2023

iv



Transformation of internal logistics
with autonomous transportation’s
FILIP LARSSON & AXEL WERNESTRAND
Department of Industrial and Materials Science
Chalmers University of Technology

Abstract
Automation in internal logistics is becoming more relevant for industries today. Ef-
ficiency and cost reduction is what gets talked about the most. But automation can
also be ways to improve the accuracy and reliability in the logistics processes. Man-
ual logistics processes are usually the most accident prone processes and automation
can be a good way to reduce the risks of accidents occurring, protecting the em-
ployees in the production. Autonomous Guided Vehicles (AGVs) or Autonomous
Mobile Robots (AMRs) are used within many different industries for automating
internal transport of material. As the name suggest an AGV requires guidance in
form of sensors, wires or magnetic strips that are built into the facility. An AMR on
the other hand is capable of navigating independently through the use of a software
utilizing data from cameras, senors and scanners. The different vehicles receive an
order, which is then processed and material is delivered to the chosen destination.
The process of picking-up and delivering material varies, and is often specifically
designed for the process.

This thesis covers the different aspects related to evaluating the feasibility of im-
plementing an AGV or AMR into an small and medium-sized enterprise (SME) as
a pilot project. While expanding their business the company Skandia Elevator AB
(SE) is also interested in creating safer working environments, and utilizing their
resources and competence for more value-adding processes as the internal transports
increase. How could the implementation of an AGV or AMR not only yield benefits
in terms of safety and economics, but also help increase sustainability. The process
chosen in this study is the transportation of material between manual press brakes
and high storage units. A repetitive work task currently performed manually by
forklifts. As a backbone of the thesis the Define, Measure, Analysis, Improve and
Control (DMAIC) methodology was chosen, an iterative process commonly prac-
ticed at SE. The framework was used throughout the study, except for the last two
steps, Improve and Control which are beyond the scope of the project. From the
results it was possible to identify that from an economical perspective the Return
on investment (ROI) for this specific process will not meet the company’s require-
ments. There are great value to be found in terms of safety along with other aspects
discussed in the thesis. The findings from this thesis provide valuable insights and
lessons in the implementation of this digital technology. Based on the overall assess-
ment, it is recommended that SE continues its efforts to integrate AMR into their
business operations.

Keywords: AGV, AMR, SME, DMAIC, ROI
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1
Introduction

The most important aspect in any type of industry is safety. The question is there-
fore how can a business continue to expand and grow, without compromising the
safety. A study conducted in Finland showed that 84 to 95% of fatal and serious
occupational accidents in industry could be related to human error (SALMINEN &
TALLBERG, 1996). Meaning that the use of automation should not only increase
the productivity, but also help create a more safe working environment. Automation
is often related to replacing physical repetitive work tasks by cutting operator costs,
gaining e�ciency, greater consistency and a faster production rate. Which is most
commonly seen on assembly lines. But the knowledge of people, their dedication
and talent is what ultimately makes a company successful. This should always be
kept in mind when automating a process. The question is therefore not how can
we replace our employees to increase e�ciency, but instead how can we utilise our
resources to their full potential. By simplifying and standardising processes in order
to prevent human error, the talent and manpower can be used for other purposes in
the business.(Evantal, 2022)

One example of repetitive work seen in many company's is in terms of logistics
where material is transported back and fourth between di�erent departments. The
transport of material does not add any direct value to the customer, opposed to an
assembly line. The work task are of repetitive nature, but also involves a certain risk
as material in many cases is being transported close to production and employees
through out the factory. A company facing this challenges as they are looking to
expand is Skandia Elevator AB (SE), which currently is the leading company in
Sweden when it comes to manufacturing of products and equipment for handling of
grain. This Masteŕ s thesis is done in collaboration with SE, as they are interested
in evaluating if it's possible to implement Autonomous Guided Vehicles (AGVs) or
Autonomous Mobile Robots (AMRs) to help handle their logistical material pro-
cesses while at the same time making it a safer process. The focus is preliminary on
the feeding and removal of material towards manual press brakes in the production.
But kept in mind is that the company is also interested in implementing AGVs or
AMRs on a broader scale in the future. In the �rst chapter the background is pre-
sented, along with purpose, aim and scope. To make the project more manageable
considering the time horizon of approximately �ve months, limitations are also pre-
sented. The outline of the report is presented last, summarising the content of each
chapter.
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1. Introduction

1.1 Purpose

The purpose of the project is to look at the feasibility of implementing AGVs or
AMRs for material handling at SE. The company is interested in starting to trans-
port material in smaller batches in smaller containers, compared to the EU-pallets
that are used today for most of their products. It is therefore important that the
system can handle smaller containers in a su�cient way to accommodate the needs
of SE. The logistics department experiences the greatest number of accidents right
now. The interest also has its foundation in creating a safer working environment
around the manual press brakes but also creating a safer environment for logistics
personal in general.

1.2 Research questions

The thesis and project's goal is to answer the following research questions:

ˆ What impact would this implementation have on the economics, safety, e�-
ciency, sustainability of the process?

ˆ Are there other areas of bene�ts to SE in terms of investing in AGV/AMRs?

ˆ Is it feasible to implement an AGV or AMR system in the handling of material
from the press brakes to high storage units?

The results from this thesis will serve as a decision-making basis for SE, it will also
be the foundation when it comes to evaluating implementation of an AGV or AMR
in other segments of the factory as well.

1.3 Limitations

Due to the limited time of the project the following aspects are not included:

ˆ Looking at other logistical �ows than the manual press brakes to the high
storage units. Referring to Production department means the Manual press
brake department which is the only production department included in this
project.

ˆ Calculate potential cost savings based on the use of AGV or AMR for other
logistical �ows than the manual press brakes to high storage units

2



1. Introduction

1.4 Background

There is a complex logistical �ow tied to the many value adding processes within the
factory. The transportation methods are of various kinds such as standing stackers
combined with forklifts. Forklifts are most commonly used in the logistics �ow for
heavier material handling in combination with milk-runs for replenishing of smaller
articles on the manufacturing lines. Today there are over 6500 articles of the type
semi-�nished goods and over 2500 articles which are �nished goods circulating the
logistics �ow within the factory and reported into MONITOR G5. The packaging
is in form of EU-pallets, half-pallets and plastic containers in various sizes. SE also
has their own joinery where they produce di�erent sizes pallets.

One part of the logistic �ow is delivering and transporting material from the man-
ual press brakes. The material processed in the press brakes varies in size, and is
delivered in both pallets and smaller plastic bins. Today the material is delivered
and removed by forklifts, and is initially collected from various places throughout
the factory. As soon as an operator is �nished with a batch, the �nished goods need
to be removed and new material needs to be added, both operations is today per-
formed manually by a forklift operator. Larger goods are placed in EU-pallets and
later stored in pallet racks, while smaller goods that can be placed in plastic con-
tainers are stored in high storage units. There are currently 4 manual press brakes,
and the batch sizes varies. They are all located in the same area, and forklift oper-
ators work with feeding and removal of material closely to the press brake operators.

Since the material is delivered and removed both on pallets and in smaller plastic
boxes, an AGV or AMR need to be able to function and cooperate with manual
forklifts and personnel in the factory. The biggest representation of accidents today
occurs in the logistics department. Apart from the safety aspect, the shuttle tra�c
from A to B such as transporting �nished goods from the press brakes to the high
storage units is a time and resource consuming process. SE therefore wants to in-
vestigate if its possible to automate the material handling in terms of �nished goods
from the press brakes to the high storage units, using an AGV or AMR.

SE is currently working with developing a new strategic business plan for the next
upcoming �ve years, with the �nal �nishing deadline to be set in the early summer
of 2023. The starting point is based on the previous years, with the old strategic
business plan that was �nalised in 2018. By analysing and performing calculations
based on this information, new �nancial targets have been set where the goal is to
have a growth resulting in a total turnover of 500 MSEK at the end of year 2028.
In order to achieve this the volume of total number of machines sold need to be
increased from 2800 to roughly 4000. Where one machine includes all the di�erent
components that make up a complete grain handling system. However larger grain
handling systems can include several machines.

3



1. Introduction

SE wants to grow in a smart way, meaning to �nd cost e�ective solutions through
automation. Not only buying new capacity in terms of labour and machines, but to
continue working with existing processes and develop them as far as possible. The
potential implementation of AGVs or AMRs is therefore one of many steps in terms
of digital technology that will help the company reach their goals. This project is
part of a bigger vision where the company in the future is interested in the possibility
of utilizing a complete �eet of AGVs or AMRs performing multiple tasks. Not only
in terms of logistics from the press brakes to the high storage units, but throughout
the whole factory. The project will help SE gain understanding of their current
degree of maturity, what is needed to carry out a successfully implementation on a
small scale project, and what is needed in the future to upscale.

1.5 Thesis outline

Chapter 1 - Introduction: In the �rst chapter the company the Masteŕ s thesis is
done in collaboration with is presented together with an introduction to the project.
The purpose of introduction is to de�ne and help the reader understand the purpose
of the Masteŕ s thesis.

Chapter 2 - Theory background: In the second chapter the theory that is used
help identify the di�erent characteristics of the project is presented.

Chapter 3 - Methods: The third chapter presents the framework that is the foun-
dation of the project. A long with how quantitative and qualitative studies will be
conducted throughout the project in order to collect data.

Chapter 4 - Results: In the fourth chapter the results of the project are presented.

Chapter 5 - Discussion: The �fth chapter discusses the process of the project,
how well the project goals have been ful�lled and suggestions for SE on the future
implementation.

Chapter 6 - Conclusion: The last chapter is conclusion which summarises the
Masteŕ s thesis and the project as a whole.

4



2
Theoretical background

In the theoretical background the theory of the Masteŕs thesis is introduced such
as the concept of an AGV or AMR, the many characteristics tied the technology
and what di�erentiates an AGV from an AMR. General guidelines in terms of safety
requirements are also described a long with limiting factors in terms of implemen-
tation.

2.1 Material handling

Material handling refers to the process of moving material and products to di�erent
locations in the production and warehouse. Material handling covers both the actual
transport of goods, but also the containers used to move the goods. Today most
of the material handling is carried out by forklifts transporting pallets, if smaller
containers are used they stored inside of pallets and therefore still being transported
by forklifts. Milk-run trains are used to a certain extent, for replenishing of an
assembly area in the factory similar to a production line. The use of AGVs or
AMRs could therefore help reduce the total number of manually operated trucks
needed in the future.

2.2 The concept of AGV

Today its common practice for companies to work with continuous improvements
and the lean philosophy of reducing waste and non-value adding activities, while
maximising the customer value. One example of the most common non-value adding
activity is the internal transportation of material, as it does not add any direct value
to the product and customer. There is therefore a lot to be gained by improving the
�ow e�ciency in the factory and distribution of material. By implementing AGVs
its possible to reduce the non-value adding activities by improving the logistics of
internal handling (Correia et al., 2020).

The purpose of an AGV is to transport materials and goods autonomously. Meaning
that in terms of logistics such as warehouses, manufacturing facilities etc. the AGV
can operate by itself using guidance. This type of solution is increasing in popularity,
since it's possible to automate manual tasks that are of a repetitive nature. The
AGVs also allow for good visibility of the material �ow, along with reducing the
risks of site downtime (Toyota, 2023). As well as increasing the tractability.

5



2. Theoretical background

2.3 Characteristics of AGVs

There are important characteristics of AGVs such as pathing (i.e., the route the
AGV travels between di�erent locations), guidance (i.e., how the AGV is able to
navigate and guide itself), managing tra�c (i.e., how tra�c is managed and the
possibility of deadlocks occurring), battery (i.e., characteristics of the batteries used
in AGVs), failure (i.e., potential breakdowns of the AGVs), and transport of load
(i.e., how di�erent AGVs are capable of di�erent loads). The de�nitions of these
characteristics are explained in the following paragraphs.

Pathing

One of the �rst problems encountered when introducing AGVs to manufacturing, is
how well does the current design layout in terms of logistics support AGVs. A �rst
good step is to create a �owchart to understand how material is handled between
departments. Using �gures such as for example rectangles connected by arrows, to
visualize the order of the �owchart. Its also possible to create a �ow path model,
where pickup and delivery stations are referred to asnodes, which are connected
by arcs. The arc therefore determines the path the AGV travels between the two
nodes. (Le-Anh & De Koster, 2006).

The purpose of a material �ow path layout is to connect �xed structures such as
machines and stations. The �ow path allows to asses the performance of the system,
due to factors such as the total number of vehicles required and their transportation
time. As described by (Vis, 2006) there are various ways in which the �ow path can
be designed. In our case it would be designed�considering the layout of the facility
and the location of pick-up and delivery points as input factors�. Thereby creating
a route where the nodes represent the pickup and delivery point which are �xed,
and the arc being the route (Vis, 2006). In this case we are only looking at ma-
terial handling between two stations, therefore there it's not a connected network.
However, in the future the company want to have the possibility of expanding into
a network, and further implement the use of AGVs within the factory.

Arcs can either be unidirectional meaning vehicles can only travel in one direction,
therefore it's easier to manage since there is no oncoming tra�c. Or they can be
bidirectional meaning vehicles can travel both directions. Where the advantage is
that is possible to reduce the traveling distance by making short-cuts. By combining
the two types it's possible to have multiple lane guide paths, meaning one aisle can
consist of opposite tra�c �ows. The direction of travel is chosen based on reducing
the travel time of vehicles and the ability to access all delivery and pick-up points
within the network. (Vis, 2006)

6



2. Theoretical background

In this case a material �ow map will �rst be created to map out how material
is transported between the di�erent departments, what steps are involved in the
process. In order to illustrate the di�erent path ways and how material is transported
the factory layout will be used as a background, which already has all the structures
such as press brakes and high storage units in place with the right dimensions. Its
then possible to add the di�erent routes on top of the layout, and highlight them
with di�erent colours.

7



2. Theoretical background

Guidance

There are many di�erent methods and technologies for navigation and guiding of the
AGV vehicles. The most common methods are guidance made by laser, magnetic
tape, or magnetic spots. (agvnetwork, 2022b) Laser guidance most commonly use
re�ectors which are mounted on the walls at known locations. The AGV then sends
out lasers that bounce back from the re�ectors and the AGV can calculate where in
the room it is positioned. (agvnetwork, 2022b).

Magnetic tape guidance works with magnetic strips that gets placed out which the
AGV then can follow using antennas placed under the vehicle. Magnetic spots can
also be an option very similar to magnetic strips. Instead of magnetic tape small
magnets are placed out in the �oor creating a path for the AGV to follow. Or
acting as reference points in accordance with a CAD map that the AGV follows.
(agvnetwork, 2022b) All the methods above can also be used in combination with
each other. In large open areas laser re�ectors can be used but in places where there
is limited space or need for even higher accuracy, magnetic strips or spots can be
used. (Ahnell & Rosengren, 2021)

Managing tra�c

Two of the main concerns when managing an AGV system is the risk of potential
collisions and deadlocks. By utilizing sensors it's possible to avoid collisions, this
also allows for the AGV to some extent deviate from its original path and be able
to return safely without causing a collision. But as mentioned the AGV is most
commonly only designed to follow a designated path, compared to an AMR which
will be described later in the Section 2.4.Deadlocks most commonly occur in a part
of the plant that is geometrically no �t to accommodate two vehicles that are moving
in opposite direction of each other at the same time, thereby forcing a stop. If this
occurs in for example a small aisle, manual intervention may be necessary to solve
it. Another area where deadlocks are commonly seen is when material is being
picked-up or delivered. If having a high storage unit capable of directly delivering
and picking up material from the AGV without human interaction, the system must
know in which order to prioritize delivery and pick-up. If a loaded AGV enters the
storage unit, and a delivery has been prepared by the high-storage unit instead of
pick-up. Then a deadlock can occur if another AGV is already in line, and the
storage unit is not capable of handling the material that is to be delivered. This
needs to be avoided, since it has a negative relation to the performance. Suitable
methods therefore need to be used to avoid this (Vis, 2006) Meaning the storage
system and AGVs needs to be able to communicate e�ciently.

8



2. Theoretical background

Battery

The batteries usually used in AGVs are Lithium-ion batteries which can quickly be
charged up. The battery life very much depends on the AGV type, the environment,
and the payload weight. But usually, a single charge can last 8-14 hours. Depending
on how the AGV system solution is set up, there is possibility to achieve 24/7
operation depending on how many AGVs are used, operation time on a single charge,
charging station con�guration etc. Charging of the batteries can be done in di�erent
ways. The traditional way is that the AGV docks into a charging station making
it unusable during charging. There are other solutions which integrate inductive
charging plates in the �oor which can charge the AGV if it travels or is inactive in
a certain area. (agvnetwork, 2023)
Another type of battery commonly used in regular forklifts are lead batteries. These
batteries require careful maintenance and the personnel responsible for charging
should undergo training and be instructed about the potential risks. This is because
the batteries contain sulfuric acid which is caustic. When charging the batteries re-
lease hydrogen and oxygen, when these two mix or with air explosive gas is produced
which is highly explosive and �ammable. Its therefore important to minimise the
risk of sparks and charge the battery in a well ventilated area. To prevent this pro-
tective equipment should be available, its also possible to utilize automatic water
re�lling of the batteries.(Arbetsmiljöverket, 1988)

Failure

In order to reduce the costs that are associated with potential downtime of AGVs,
it's important to consider maintenance strategies and failure management to ensure
a high availability (Yan et al., 2018). An organisation need to constantly monitor
the AGV system and intervene in case of an operational failure. This can range from
just resetting the AGV or in the case of a deadlock as described by (Vis, 2006), it
may be necessary to manually move the AGV. If a failure occurs and the AGV is
in need of manual assistance, it's important to follow up why the incident occurred
and how it can be prevented. But it's also possible to equip the AGV to an extent
where it to some degree can better avoid accidents, but also recover from failures
independently. (Fragapane et al., 2021)

Transport of load

The type of load the AGV can carry very much depend on what type of AGV it is.
There are many di�erent models ranging from small AGVs which are designed to
carry smaller boxes to larger forklift AGVs which can handle EU-pallets or special
designed heavy payload AGVs which handle large metal components that could
weight up to 450 tons (MAX AGV, 20223). One of the most common AGVs is the
regular forklift which have been converted. Many warehouses transport materials
packaged in EU-pallets and regular forklifts are both in terms of size of load but
also weight. There exist solutions for almost all types of payloads and there are a
lot of companies that will o�er custom solutions, either through customisation of
their existing models or completely new design.
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2.4 Classifying AGVs

This section will cover di�erent types of AGVs and what di�erences they have. It
will also cover the topic of �eet management and how a �eet of AGVs are controlled.

AGVs and AMRs

The purpose of AGVs and AMRs are to both to automate internal transportation
of material. A common misconception are that they both function in the same way.
When distinguishing between the two, the main di�erence is how they navigate. An
AGV is based mainly on programming and requires guidance from sensors, wires and
magnetic strips. Therefore also requiring to update the facility in order to support
the AGV, not only is it expensive but it could potentially result in disturbances in
production. This also means that if an AGV is to detect an obstacle in front, its not
capable of navigating around it, but instead is forced to stop until the obstacle has
been removed. Compared to an AGV an AMR does not require the same guidance,
as it uses a software to construct maps either on-site or by pre-loading drawings of
the facility it can then compare the real environment to the existing 3D-map. By
using simple positions on the map it can generate the most direct path. To identify
and locate its surroundings the AMR utilizes data from cameras, sensors and laser
scanners combined with sophisticated software. Thereby working autonomously and
capable of navigating around obstacles by itself (MIR, 2023)

An AMR is more �exible as its not required to follow a predetermined path, com-
pared to an AGV that often are limited to performing the same tasks through its
life as changes are too expensive. With the AMR its possible to only apply changes
in the software in order for di�erent tasks to be performed. AMRs are also capable
of prioritising di�erent orders and tasks, based on position and availability. Over
time AGVs can become a constraint for companies striving towards more agile man-
ufacturing and logistics, as it AMRs can be adapted to serve di�erent purposes. In
terms of costs AGVS are typically more expensive compared to AMRs as they re-
quire additional hardware. Another important aspect is that AMRs can be utilized
almost immediately and bring e�ciency (MIR, 2023)
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Di�erent types of AGVs

In order to distinguish between the many di�erent types of AGVs, they are often
separate into three categories. Unit load AGvs, forklift automatic AGVs and tugger
AGVs. As the name indicates, unit load AGVs deals with heavy single unit objects
often placed on a pallet. (6 River Systems, 2019) For example steel cylinders, steel
sheets or other items that are commonly used over a short period of time with a
high frequency (Hovair Systems, 2023). The second one is forklift AGVs, which are
the most commonly used, and serves the same purpose as a regular forklift (6 River
Systems, 2019). Where its easy to transport material between shelves or transport-
ing pallets thanks to the variety of di�erent forks, tilting, telescoping etc (Hovair
Systems, 2023). The third one is known as towing or tugger AGVs, and pulls one or
multiple load carrying units behind them. Suitable for heavy loads that are to be
transported over a longer distance, often with multiple pick-up or drop-o� points a
long the way (6 River Systems, 2019).

Fleet management

A �eet management system is essential when multiple AGVs are operating in the
same space and also within the same type of orders and work tasks. A �eet man-
agement system helps optimizing pathing and order execution. It ensures AGVs do
not interfere with each other and optimises the way work orders are carried out by
the di�erent AGV units in the system. (Haºík et al., 2022)
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2.5 General guidelines for safety requirements of
AGVs

There exist multiple guidelines for safety regarding industrial forklift and vehicles
and the same apply for AGVs. In the EU there is the ISO 3691-4:2020 standard
which determine safety requirements and veri�cation. And Part 4 speci�cally focuses
on automatic/autonomous vehicles. In the US there is the ANSI/ITSDF B56.5-2019
standards. (ANSI, 2019) Both these standards are not obligations and do not have
to be followed but are rather guidelines. (agvnetwork, 2022a)

There are many di�erent types of safety systems that can be put in place on AGVs.
Many which also exist on regular forklift and forklifts. These can be things such
as warning lights like a blue spotlight or audible warnings from speakers. Bluespot
lights are commonly used on regular forklifts operated by humans. Its function is
to alert nearby people of the forklifts presence. It does this by illuminating a blue
spot on the ground a few meters away from the forklift. (Tralert, 2023) Most AGVs
are also equipped with laser or sonar sensors and many times both which can de-
tect obstacles and people in their path and adjust the speed or emergency brake if
necessary to avoid contact.

The AGV has di�erent zones in place which will cause the AGV to act accordingly.
And with the use of laser systems the AGV can sense objects and which proximity
zones the obstacle is located in. For an example if the furthest away zone is entered
by an moving obstacle warning sounds are used, next step is speed reduction and
�nally emergency stop will be performed if the obstacle comes to close. Special zones
can also be created in the map of the warehouse where extra caution is needed, and
the speed will be reduced when the AGV enters this zone. Examples of this could
be when a operator crosswalks in the warehouse. Physical emergency stops buttons
should also be available within reach on the AGV. The AGV can also be protected
with bumpers etc which ensure the integrity and safety of the AGV if a collision
would happen regardless of all the safety systems in place. The AGV can also
have systems in place which adjust all the parameters for speed adjustment and
emergency stops accordingly to its current payload. Because emergency stopping
with 200kg of payload will be very di�erent from a 1000kg payload.
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2.6 Literature review

Research that are of interest for this project such asImplementing an AGV system
to transport �nished goods to the warehousewritten by (Correia et al., 2020) shows
that the �rst step is to analyse the value-adding and non-value adding activities.
The di�erent movements can be identi�ed with a spaghetti diagram, its the pos-
sible to eliminate certain motions and increase the productivity. Since this was a
newly designed system, it also required to calculate the number of required number
of AGVs a long with picking and delivery stations. (Correia et al., 2020) Other
research also shows the challenges associated with implementation in a more com-
plex setting. The articleAutonomous mobile robot technology for supplying assembly
lines in the automotive industrywritten by (ƒech et al., 2020) discusses the lack of
experience when it comes to the implementation of AMRs as a larger �eet.

The importance of assessing the current available technologies and how criteria must
always be based on speci�c needs. And the important factor of capacity calculations,
�eed size and tra�c load (ƒech et al., 2020), similar to what was mentioned by Cor-
reia.N et al. An article based on case studies namedChallenges in the introduction
of AGVs in production lines: Case studies in the automotive industrywritten by
(Hru²ecká et al., 2019) emphasise the need of processing large amount of data in
order to understand and design logistical processes, a long with model testing to
�nd the best alternative. First setting critical success factors (CSFs) which must
be ful�lled before the implementation, and then key performance indicators (KPIs)
to follow up and for the company to receive feedback on potential improvements.
The challenge is to determine the relations that are to be set between the CSFs and
KPIs in the material handling area. (Hru²ecká et al., 2019)
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Methods

This section will cover the methods used in the thesis. The De�ne, Measure, Ana-
lyze, Improve, Control (DMAIC) will be used as an reference methodology. Quan-
titative study covers how data was retrieved from the Enterprise Resource Planner
(ERP) and also how a stopwatch study was conducted to measure the current ma-
terial transport times for a certain process. The qualitative study covers how soft
data which was gathered in through the creation of interviews and study visits. The
triple bottom line of sustainability which is the model the discussion will be based
upon will also be covered.

3.1 DMAIC

The method used for most projects at SE is the De�ne, Measure, Analyze, Improve,
Control (DMAIC) method. (Lars & Folke, 2017). This method will also be the
foundation of this project. The DMAIC model consists of �ve di�erent steps. The
DMAIC method also has di�erent gates which are critical points in the project that
determine if the project should continue, pause or be shut down. As seen in �gure
3.1 its a iterative framework where the steps are repeated in order to improve the
process.
The steps are:

ˆ De�ne
The de�ne step includes de�ning the problem at hand. This includes the scope of
the problem, aim and goals and also conclusions from similar past projects which
could have valuable information. The de�ned stage also includes a risk analysis and
the identifying stakeholders like customers and their expectations. A time plan also
needs to be created and what resources the project will require.

ˆ Measure
The measure step is all about �nding and collecting information about the project.
Identifying critical factors for the success of the project and also connecting these
to both stakeholders and the process.

ˆ Analyse
The analyse step focuses on the data and information gathered in the measure phase
and conclusions are drawn on possible causes for problems etc. This can be done
through cause-and-e�ect diagrams or process map analysis.
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ˆ Improve
This step is where solutions are created to the problem. The e�ect of the solution on
stakeholders should also be identi�ed. The solutions should be tested and veri�ed
and also potential risks should be identi�ed. In the end of the phase one solution
should have been chosen.

ˆ Control
The control step is verifying and securing that the goal and aim have been met.
Also, a plan is created for follow-up and control. This plan also takes in consider-
ation the carrying over of the project to the production unit and hand over of the
responsibility. Lastly it is veri�ed if the desired outcome was met and the goals and
aims were satis�ed

Figure 3.1: DMAIC model adapted from (Loebick, 2022)

The �nal two steps, Improve and Control, are not included in this thesis as they are
not aligned with the thesis's aim and objective. This thesis serves as a preliminary
study and analysis for SE rather than a project's development and implementation,
rendering the last two DMAIC steps irrelevant. If SE chooses to move forward with
the �ndings from the thesis, they will subsequently undertake these steps.
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3.2 Quantitative data collection and analysis

The Quantitative data collection and analysis section covers how the measurable
data which will be gathered in during the thesis. This includes data which will be
provided by the ERP system at SE, The production simulation software used to
simulate a possible future AMR solution and a stopwatch time study.

3.2.1 MONITOR G5

At SE they use an ERP-system called MONITOR G5(Monitor ERP, 2023) which
handles all aspects of their organisation from order handling, to economics, to the
internal logistics. MONITOR G5is a very powerful tool where customized queries
tables can be created which only have the desired information and nothing else.
Every action performed in MONITOR G5is timestamped and stored and can be
brought up at a later stage. Therefore it is relatively easy to gather historical data.

MONITOR G5will be used extensively in this project to gather quantitative data
to analyse the material �ow from the manual press brakes to the storage units
in the warehouse. Time and process data which is not possible to get by using
MONITOR G5will be collected by studying the materials handling process in real
time using stopwatch studies.

3.2.2 Production simulation software

First a model will built as a representation of the current system, which is similar
but much simpler. The purpose of the model is to be able to analyse and predict
what possible changes could be done to the current system. Since the model will
be used to experiment upon, its important to �nd a balance between how detailed
it should be to resemble the real system but making changes and interpreting data
should still be possible. A good approach is to increase the complexity of the model
and scale it over time. The model also needs to be validated by comparing the
output of the model to the real system (Anu, 1997).

After the modeling is done and represents the real system, its possible to further
simulate and try out changes to the system. By changing the con�gurations, how
will the performance of the system change. By simulating in advance before apply-
ing changes to the real system, its possible to predict possible failure, bottlenecks
and trying to optimize the system (Anu, 1997). For this project the simulation of
production will serve two purposes. The �rst being to give a visual representation
of what the future could look like and how AGVs could be implemented into the
current production �ow. The second one is to allow for calculations such as how
many trips is required based on a certain output, how long will the battery last,
how many AGVs are needed etc. The software used in this project will be Visual
Components, see Section 3.2.2.
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Visual Components is a production/factory simulation software which is a powerful
tool for creating visual models of production simulations. This is the simulation
software that will be used in this thesis. The program has a large 3D components
library from which parts and machines can be placed out in an environment to cre-
ate the desired production layout. The existing catalog in Visual components has
products from many well known brands already preinstalled. (Visual Components,
2023) Both authors in this project have previous experience and knowledge of Visual
Components and this is one of the reasons why this program was chosen for this
thesis work.

Very complex and real like simulations can be created by setting up advanced real
life behaviour for di�erent process parameters such as setup time, breakdowns, main-
tenance and much more. The analysis capabilities of the program are extensive and
can be used for optimizing and improving production �ows. (Visual Components,
2023)
The latest version of Visual Components (4.6 Professional) have modules for AGV/AMR
tra�c simulation which is relevant for this thesis and thus this version of the soft-
ware will be used for simulating the material �ow with an AGV solution which would
replace the existing �nished goods tra�c from the manual press brake machines out
to the HISS warehouse position.

3.2.3 Stopwatch time study

Stopwatch time study is a popular work measurement method which have been used
for a very long time. The goal is to measure the time it takes for an quali�ed op-
erator to �nish a certain process working at normal performance speed. (Zandin,
2001b) Stopwatch studies can be performed using di�erent types of time measure
devices. Both mechanical and digital. The stopwatch studies done in this project
will use a regular smartphone for taking the time which will be a su�cient tool for
the task.

When selecting the operator performing measurements in the time study it is desired
that the operator is well trained and has experience of the task. The operator shall
work at an acceptable rate and also follow the correct methods. (Zandin, 2001b)

Before a stopwatch time study is conducted, the �rst step is to determine the pur-
pose. In this case we want to identify how much time is spent on transporting
material with a forklift that is to be stored in the high storage units in the ware-
house which are described in Section 4.3.1. In order to compare it to a simulation
in Visual Components of an AGV carrying out the same task. The next step is to
de�ne the objective of the study, which is to measure the transportation time from
press brakes to T11, and from T11 to HISS-IN. In order to determine this we need
to identify what activities to include into the measurements. A stop watch study
is most commonly used to identify value adding and non-value adding activities.
(Zandin, 2001a)
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Its also possible to calculate the number of observations needed using the formula:

N =
z2p(1 � p)

e2

Where z is chosen based on a con�dence interval, p is the estimated idle time, e is
calculated based on er which is the relative error (usually between 1 to 5 percentage)
times ps which corresponds to the least interesting activity. This is further explained
by Meynard´ s industrial engineering handbook chapter 125 (Zandin, 2001a). The
conclusion can be drawn that using this formula is most suitable on for example a
production line where idle time can occur or when the goal is to identify how much
time is spent on di�erent activities and determine the workload is su�cient enough
among the operators.

In our case we are only interested in how long it takes to perform the activity of
transporting material from A to B. The task will be broken down into three activi-
ties: loading of pallet, transportation and unloading of pallet. It will then be easier
to identify where time is either lost or gained compared to the AGV or AMR. A
set of measurements based on SE standardized way of working will be completed,
where the median is chosen. It will also help us identify if work is carried out in
a standardised way, or if there is a lot of deviation in how the forklift operators work.

Number of observations

Determining the appropriate sample size of the time study can be done in multiple
ways. Some companies have these properties de�ned and predetermined depend-
ing on what type of process is studies. There are also mathematical methods for
calculating the required sample size to meet a certain con�dence interval. (Zandin,
2001a) In the study performed in this paper a very small sample size of 10 will be
used because the process measured is considered to be very stable. And there is a
low expected variance between samples.

3.3 Qualitative data collection and analysis

In this thesis a qualitative study will be performed with the intention of gathering
information about other AGV implementation projects that have been performed.
This information will be gathered by conducting interviews at other companies that
use AGVs or AMRs in their materials handling processes. The qualitative study will
be designed by using the 5 steps de�ned by (Bickman & Rog, 2008) in the book The
SAGE Handbook of Applied Social Research Methods. These �ve steps are general
guidelines and can be applied to many qualitative study designs. In this study the
second step Conceptual framework will not be used.
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3.3.1 Interviews

Semi-structured interviews will be performed with people from both the department
responsible for the manual press brakes and the logistics department. Establishing
communication with all the involved parties and having an open dialogue will make
sure everyone is up to speed with the project and that decisions taken are based
on facts. This also involves gathering information from operators, team leaders etc
through out the project.

Multiple study visits to relevant companies will be conducted and questions will
be prepared in advanced. The interviews will follow a semi-structured type, in or-
der to ensure that the right topics have been covered to help answer the questions
formulated in the requirements speci�cation. If more technical questions are to be
asked, questions will be sent in advanced and discussed afterwards if possible. For
example what are the running costs associated with AGVs, how often maintenance
needs to be conducted etc. During the site visits the AGV system will be observed
based on multiple factors. How does the AGV work in terms of logistics such as
�ow and material handling. What bene�ts it brings to the company. But it is also
important to look at the safety aspect, how the AGV a�ects the daily activities and
interacts with the operators. But also how the system is supported by the operators.

1. Goals
This study will be a good way to gather information and helpful knowledge about
how an AGV implementation project have been conducted in the past. Gathering
information from other companies about their experiences and struggles with their
projects will help guide this project stay clear of these roadblocks and make the
project work more e�cient. The study should help identify key factors which are
crucial for the project's success.

2. Research questions
The purpose of doing this study is to gain insight into the di�erent processes that
are tied to evaluating the possible implement the use of AGVs to support logistics
in a manufacturing setting. Meaning to research di�erent areas such as suppliers,
factory layout, future growth, what are the requirements from logistics/production
and so on. When all the questions have been identi�ed and answered, it will be
possible to make a decision whether an implementation of AGVs or AMRs would
be suitable or not.
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3. Methods
This study will be conducted using interviews and general conversations with em-
ployees involved both in-house at SE but also people outside of the company who
can provide valuable knowledge and insight. The interviewees at SE will provide
information on the current process and the external interviewees will provide in-
formation about the AGV/AMR technology. Questions will be formed before the
interviews that are open for conversation and discussion. Follow up questions that
occur during the interview will be also be asked which will help widen the scope of
the questions and discussion. This will help the study to answer questions which
might have been forgotten or its importance not realized due to lack of knowledge
in the subject. The interviews will be audio recorded and then transcribed. This
will help with documenting the answers and creating a more structured result of the
study.

4. Validity
Conclusions have a chance of being biased by the experiences from the interviewees.
This will be very hard to avoid because its their answers and their knowledge which
are searched for. But the study will be based on multiple interviews from di�erent
companies which are not a�ected by each other. This will help with the analysing
the answers. Also the identi�cation of possible answers which might be wrong or
biased due to the interviewees experiences.

Interviewees
The logistical department is the one responsible for most of the material handling
in the factory and it is therefore appropriate to interview regarding questions about
the current materials handling process. Interviews will also be conducted with the
department responsible for processing of materials, where the press brakes are in-
cluded. People outside SE such as AGV/AMR suppliers and companies which al-
ready have implemented such solutions will also be interviewed with the intent to
acquire knowledge from actors with more experience.

3.4 Triple bottom line model

The Triple Bottom Line (TBL) was coined by (Elkington, 2004) in 1997, and is
a framework used for measuring success of organisations and performance of busi-
nesses driven by sustainability. The three lines are environmental, economic and
social. The three lines are also commonly referred to as the 3Ps, refereed to as
people, planet and pro�t. All are equally as important and the goal is to achieve a
balance between the three. (Alhaddi, 2015) The TBL will be used as the structure
for the discussion chapter. Where each of part of the TBL will be di�erent sections.
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People

The people line refers to a business actively working with creating fair and bene�-
cial practices to the community, labor and human capital. By doing so its possible
to give back to the community by providing value. This could for example include
promoting a safe working environment and negotiating for fair wages. Working with
the people line is not only done from the perspective of being a good member to
the society, if social responsibility is disregarded it can have a negative e�ect on
the sustainability and performance of the business. It could also result in increased
economic costs for the company. The main purpose of the people line is to focus
on the interaction between the organisation and community, while at the same time
addressing issues related to the community involvement, relations and wages. (Al-
haddi, 2015)

Planet

The environmental or planet line refers to organisations performing practices that
do not compromise the environmental resources for future generations. Meaning to
work with reducing reducing gas emissions and use energy resources in an e�cient
manner in order to reduce the ecological footprint. An analysis conducted by (A.T,
2009) showed that working towards protecting the environment will also result in
a competitive advantage by gaining a �nancial advantage through the reduction of
operational costs such as water and energy use, while at the same time increasing
the revenue by developing innovative green products. (Alhaddi, 2015)

Pro�t

The economic line also known as the pro�t line refers to how the economic sys-
tem is a�ected by the practice of the business organisation. The economic aspect
is viewed as a subsystem of sustainability that allows for the company to survive
and further evolve their business in the future. The growth of the company ties
to the growth of the economy, and as a result e�ects the economical line. The
focus is on the economic value the organisation brings to the surrounding system,
which should be done in a way that supports the future generations. (Alhaddi, 2015)
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In the results the �rst three steps of the DMAIC model is presented. Where the
De�ne section cover requirements which have been de�ned early in the project. The
Measuresection covers the data and information gathering andAnalyzesection cov-
ers the analysis of the information in theMeasuresection. As previously mentioned
the last two stepsImprove and Control are outside the scope of this project.

4.1 The results from de�ne step

This section will cover the technical requirements and functions that was determined
to be important for the success of the AGV/AMR project from the perspective of
SE. The Risk analysissection covers risk and risk mitigation regarding the success
of the thesis.

4.1.1 Requirements

The chosen AGV solution needs to be able to handle the variance of di�erent articles
that are to be transported between the high storage units and the press brakes. In
this case all material transported will be stored in plastic containers, which currently
is done by placing them on a pallet. The AGV therefore needs to be able to support
the transport of plastic containers. However it would also be preferred if the future
solution is not only limited to a smaller AGV only capable of transporting plastic
containers, since it would then be possible to use it in another application. It's also
important to consider the weight of di�erent articles the AGV needs to transport
(Prasad & Chakraborty, 2013).

To understand what the di�erent requirements are in order for an AGV to be able
to operate, the internal logistic environment needs to be analysed. Communication
with the logistics department is key to ensure no information is left out, a contact
person from the logistics department has therefore been chosen as well as the pro-
duction department. The �ow path layout needs to be chosen, and in this case,
there are two paths available see 4.4 and 4.5. One passing through an area of pallet
racks and material handling, and the other one through a production area. Both
needs to be evaluated, or if it's possible to combine the two. Based on frequency
of transport, AGVs needed, physical restrictions for example columns and narrows
spaces. As well as movement characteristics of other forklifts and human interaction.
(Mirhosseyni & Webb, 2009)
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4.1.2 Risk analysis

To identify risks associated with the project a risk analysis was carried out which
can be viewed in the Appendix A.6. The reason for carrying out a risk analysis is to
identify potential risks and trying to mitigate them so they do not occur to ensure
the success of the project. In the risk analysis carried out in this thesis the three
risks with the three highest risk points were:

ˆ Running out of time to complete project (10 points)

ˆ Not enough competence about AGVs in house (20 points)

ˆ Environment not suitable for AGVs (15 points)

Mitigation methods for these risks were de�ned such as de�ne a clear scope and
time frame to ensure that the project will �t inside the available time. To avoid
the lack of competence the mitigation method is to cooperate with outside partners
with more competence about the topic. Environment not suitable can be solved by
either revise the solution to �t the environment or to change the environment to
suit the AGV.
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4.1.3 Supplier evaluation

In order to �nd a future partner to collaborate in this project a list was created,
identifying the di�erent suppliers o�ering AGV and AMR solutions. The size would
range from well known established companies down to smaller and more local ones.
Each company was contacted in order to get as much information about their assort-
ment as possible, since the quality and information available on their websites varied.
In order to �nd which supplier would be the most suitable, they were evaluated based
on four di�erent main criteria. Function, load, safety and their availability in terms
of support.

The �rst criteria would include functions that Skandia �nds necessary for this
project. For example that the supplier can o�er a �eet management system in
order for SE to grow and implement more autonomous vehicles in more areas of the
factory in the future. Another important function Skandia is interested in is for the
vehicle to be able scan and learn from the environment as it travels. The process
could also be speed-up by loading a 3D-layout of the factory into the software of the
vehicles. Otherwise the vehicle may need to rely on re�ectors or other equipment
in order to navigate. Other important factors are the battery-life, charging time,
traveling speed and ability to customise the vehicles.

The type of load is about the support of EU-pallets, plastic containers, maximum
load and dimensions. Safety includes the ability to mount a blue spot, bumpers,
sound or any other type of warning that helps increase the safety. But also how
the laser scanner operates, if it covers both low and high objects etc. The last one
is support available and where the company is located. A future partner should
preferably be located close in order to establish a good relationship and help reduce
the environmental impact. Helping to speed up the implementation phase and when
working with daily problems such as quality issues, downtime etc.

In the Appendix A.5 the di�erent suppliers will be rated based on the criteria stated
above. A more detailed version have been developed together with the company,
but for con�dentiality reasons the di�erent manufacturers are only referred to as
suppliers and the number of criteria have been reduced in order to be applicable to
every supplier.

Supplier 1: The �rst supplier was the only one that ful�lled all of the criteria,
therefore receiving a total of 13 points. The supplier o�ered AMR of various sizes
capable of handling both EU-pallets and plastic containers with the ability to cus-
tomise. The vehicles operate by using natural environment navigation, and a �eet
management system is available if implemented on a larger scale. The company is
established in Sweden and can o�er close support. In terms of safety the vehicles are
also equipped with a bumper that in addition to the lasers can detect and absorb
a potential collision. It was therefore decided to continue collaborating with this
company.
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Supplier 2: The second supplier ful�lled all the criteria expect for natural environ-
ment navigation and bumper, receiving a total of 11 points. The di�erent vehicles
are capable of handling both EU-pallets and plastic containers. There is also support
available close. But since SE is interested in �nding a solution that utilizes natural
environment navigation, therefore this supplier unfortunately is not an option.

Supplier 3: The third supplier also received a total of 11 points. Although ticking
many of the boxes including natural environment navigation, safety and support
they only o�ered vehicles capable of handling bigger loads on EU-pallets. In our
case we are interested looking for a supplier that can o�er both handling of plastic
containers in the case of the press brakes, but also capable of handling EU-pallets
when Skandia expands in the future.

Supplier 4: The fourth supplier did only work with AGV and did not o�er any nat-
ural environment navigation or AMR solutions. There was also no vehicles capable
of handling plastic containers. Since this does not ful�ll the criteria of Skandia it
was not an option.

Supplier 5: The same applies for the �fth supplier who did not o�er natural en-
vironment navigation or AMR solutions. This company were therefore also not
considered further.

Supplier 6: The sixth suppler reached a total score of 11 points and the company
o�ered natural environment navigation and AMRs, but no smaller vehicles capable
of handling plastic containers.

Supplier 7: The seventh supplier did not o�er any natural environment navigation
or AMRs and was therefore ruled out.

Supplier 8: The last supplier received a total of 11 points, o�ering natural environ-
ment navigation and AMR, with support for both EU-pallets and smaller plastic
containers. The only downside is that the company does not have any o�ces lo-
cated in Sweden, they do however have other sub-suppliers o�ering their products.
It was therefore decided that Skandia wants to continue evaluate the possible of
collaborating with the company, depending on the level of support and availability
the sub-suppliers can o�er.

4.2 The results from measure step

Here all the data collected during the project is gathered. First starting o� with
quantitative data which have been accessed by utilizing the ERP system MONI-
TOR G5at SE. Followed by a stopwatch study which was conducted in the produc-
tion. Lastly qualitative data is presented in forms of interviews that was conducted
at SE with two managers, the potential future supplier and study visits to other
companies.
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4.2.1 Data collection from MONITOR G5

In order to identify which article numbers that are produced and then stored in the
high storage units, all orders and article numbers stored at warehouse position HISS
was extracted from the ERP system for 2022. The raw data was then imported
to Microsoft Excel which is used as an analysing tool where di�erent data can be
merged and matched sorting by the article numbers.

By �ltering on all the articles in the high storage units from previous year and
matching it with all articles that have been processed in the press brakes with the
same article-number. Most article numbers received back by the system are shown
more than once because there have been multiple production orders of that same
article numbers. Only the amount of individual article numbers are of interest so
by applying an advanced �lter in Excel these duplicates can be removed. Approxi-
mately 812 articles were identi�ed. The number of articles can change yearly, but
the four high storage units currently have an utilization rate of 85%, where 812 out
of the total number of articles stored in the HISS warehouse position are delivered
from the manual press brakes. The data was exported from MONITOR G5to excel
for easier sorting and matching between article numbers and container type etc.
This can be seen appendix A.1 A.2 A.3

For every article number it is possible to see in the ERP system what type of pack-
aging is to be used. As they are of di�erent sizes and therefore in most cases require
di�erent plastic containers, which then are to be stored in the high storage units.
A maximum number of pieces that are allowed to be placed in each container is
calculated based on the weight of each containers not exceeding 12 kg.

By analysing the data in Excel based on how many �nished orders are reported
from the press brakes each year and how big each batch is, and by looking at the
number of containers needed for each batch and number of corresponding pallets,
it is possible to calculate how many trips are required. This showed that the maxi-
mum number of transports occurred in October at a total of 189, with a maximum
of 19 per day. The month that usually sees the most orders is May. But due to a
scheduled price change that was done last year many customers ordered products
before this price increase which resulted in unusually many orders in October. The
day that had the most production orders �nished in the press brake department was
the 16 of May, which had 20 orders �nished. And if looking at data from previous
years May is the busiest month on the year. See A.4

Today the material handling from the manual press brake machines to T11 is done
mostly by the operators themselves. Sometimes they get help from a forklift operator
from the logistics department. A forklift operator in the logistics department then
clears the T11 storage track and moves it to the right location in the warehouse.
For an example the high storage units which would be the HISS warehouse location.

27



4. Results

Production groups involved are 1150, 1151, 1152, 1153 (4 press brake machines).
Today there are 6 operators running the four manual press brake machines over
three shifts. Three operators on the �rst shift. Two operators on the second shift
and on the night shift there is one operator. This means that the four machines are
running at 50% capacity. This will be taken in consideration when analysing the
data because if an AGV solution is suggested it should be able to handle the max
capacity load.

4.2.2 Stopwatch studies results

In MONITOR G5its not possible to extract data which illustrate the exact time
duration of the materials handling process from the manual press brake machines to
warehouse position T11, neither from T11 to HISS-IN. It's possible to see when the
press brake and forklift operators have stamped in and out of work tasks, but the
data is not accurate enough to estimate the total amount of time the processes takes.

As described in Section 3.2.3 methodology it was therefore decided to perform a
stopwatch study to measure the time it takes for a forklift operator to load a �n-
ished pallet from the press brake, transport it to T11 and unload it. Since there
are currently four press brakes the distance to T11 will vary, but by performing the
study on the press brake located in the middle where three are placed in a line it
will serve as a median value. The time from unloading at T11, transport to HISS-
IN and unload will also be measured. The data will be used to compare the time
between transport of material between a forklift and an AGV. The time required
for transporting a pallet from the press brakes to T11 is about 54 seconds, and from
T11 to HISS-IN around 46 seconds totaling in on 100 seconds of transport time.
These times was created by taking out a mean value of 10 measurements from the
two transport steps. So 20 measurements was taken totally.

4.2.3 Interviews results

This section will cover all the results and �ndings from both the di�erent interviews
conducted but also the study visit to a company which uses AMRs.

The results from the interview with Logistic manager

In this section will the answers from the interview with the Logistical manager be
summarized. The questions which guided the interview can be seen in the Appendix
A.3.

During the interview with the logistical manager the �rst area discussed was in terms
of human resources available in the logistics department. There are currently 12 fork-
lift operators employed full time, working with di�erent transportation's of material
throughout the factory. Since the workload is in�uenced by seasonal demand, the
operators are not fully utilized at all time. During low-season it is however possible
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to re-allocate some of the resources to other departments. During high season four
people are working an early shift which is from 05.00-14.00, and four people from
14.00-23.00. On top of that 4 more people are working a regular working day. Out
of these 12 operators four are working towards the production department, where
material handling to and from the manual press brakes are included.

In total there are 24 di�erent forklifts throughout the factory, meaning other depart-
ments that are not a part of the logistical group dedicated to material handling, also
have access to forklifts. Its not possible to utilize the JIT-principle (Liker, 2009), for
removal of �nished goods at the press brake machines because there is no signaling
system in place which would notify the logistics department of material that needs
to be moved.

One current problem is that there is no way of alerting the forklift operators when
�nished material from the press brakes is ready to be transported over to T11. As
seen in for example Figure 4.2 there is currently a smaller bu�er available at most
press brakes. But the only way a forklift operator can tell if there is �nished material
available is by manually circulate the area. As a result press brake operators some-
times move the material themselves, if a truck is available in the department. This
work task is however assigned to the forklift operators. SE is interested in setting
up a system that alerts the forklift operators when �nished material available at the
press brakes. But currently MONITOR G5does not have a function that supports
this.

In terms of rules for truck tra�c the company have created internal truck rules.
Right rule applies in all intersections, forks are to be placed backwards in the travel
direction with a blue spot in front, maximum speed limit of 7km/h etc. It has been
considered to implement one-way tra�c in certain parts of the factory in order to
increase the safety, but its not implemented yet. The logistical manager also men-
tioned that they would interested in mapping the logistics �ow in the factory, to
identify which areas are the most tra�cked

One big future challenge in terms of implementing AGVs is that material don't have
a designated location in the factory. Its not possible for the forklift operators look
in MONITOR G5for a speci�c location where an items is to be stored or stored. In-
stead the company have come up with their own system where di�erent pallet racks
contain di�erent types of products. Its therefore allowed to place a certain type of
material anywhere in the allocated pallet rack. In order to �nd its place forklifts
operators look in MONITOR G5where material previously have been stored, they
also have a document attached to each forklift. But as mentioned no designated
location in the ERP-system, so its up to the operator to �nd an available space in
the pallet-rack. Other challenges discussed were how an AGV will function together
with the current high tra�c �ow and through narrow spaces. Overall the logistical
manager was positive to the possibility of implementing AGVs to help increase au-
tomation and help the company grow.
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The results from the interview with Production manager

In this section will the answers from the interview with the Production manager be
summarized. The questions which guided the interview can be seen in the Appendix
A.3.

The present state of production was discussed. It was mentioned that �nished goods
from the manual press brakes get packaged in di�erent containers. Some are packed
in plastic containers of various size and some directly in EU-pallets with collar.
There are also parts over 2m in length which also gets stored on EU-pallets but
then horizontally. Most products have packaging descriptions connected to them
in MONITOR G5but not all products. Many products get packed directly in the
right containers at the manual press brake machines but there are also a number of
articles which gets packed in EU-pallets, which then later gets repacked before they
get stored in the HISS.

In total there are 22 people working in the production department. Seven of them
are working in the press brakes on a three shift. With four people in the morning,
two people in the afternoon and one person during the night. The operator working
during the night is also responsible for keeping the production running in the punch
presses, robot cells and other machines included in the production department.

The manager also talked about the future state of SE due to their development of
a new company strategy which will grow the company signi�cantly in production
volume. This will require more capacity from the production which would according
to the manager require one additional press brake machine. The now �ve manual
press brake machines would then be run with two shifts and �ve persons in each.

The managers view on AGVs or AMRs and what they potentially would mean for
SE was discussed. The general view was positive and there was an belief that there
could be bene�ts. But there was also concerns regarding how this would in�uence
the working stations today. The manager emphasized on the large variation in prod-
ucts and how they get packed. And trying to �t a solution that only can handle
boxes would potentially be problematic if the work station has to be largely recon-
�gured to accommodate the AGV or AMR solution.

The manager also expressed concerns regarding how a AGV solution might in�uence
the economical situation for the operators. Right now there are height adjustable
work tables at each station to help the operators avoid dangerous lifts and move-
ments.
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Figure 4.1: Mind map summarizing interviews

The results from the interview with supplier 1

In this section the answers from the interview with supplier 1 will be summarized.
The �rst question discussed was the pick-up and delivery of the plastic containers.
For pick-up of material at the manual press brakes a potential solution discussed was
to install an additional conveyor band with a smaller bu�er at each workstation only
dedicated to the AMR and plastic containers. The only problem was the possible
lack of space as an operator needs to be able to move freely when picking, processing
and depositing material. However this could be solved as the implementation of a
conveyor band speci�cally designed for plastic containers, could mean that the cur-
rent bu�er for EU-pallets available at the station could be reduced, thereby freeing
up more space.

It was decided that there needs to be a bu�er available when dropping o� material
at the high storage units. The reason is because there is not always an operator
available to load the containers into the high storage units. The availability of the
operator depends on the season. During high-season the task of loading and unload-
ing the storage units is a full time job performed by a dedicated operator. However
during low-season the operator responsible for the storage units also carries out
other tasks. The bu�er is therefore needed as an operator is not available all the
time, but also in order to the AMR to be able to function during the night.

In order for the pick-up and drop-of of material to work there needs to be a signal
system in place communicating with the AMR. It was discussed together with the
supplier that a good �rst approach would be to create a solution that can operate
independently of the ERP system. For example using sensors connected to the con-
veyor band altering the AMR. The reason being its a much simpler solution that
would help make the project less extensive, but it would still create the same re-
sults. Allowing for SE to make an investment without investing an extensive amount
of resources. Especially considering that there are no �xed storage locations for all
products and material in the ERP-system. By starting on a smaller scale its possible
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to gradually learn from the implementation. If there is to be a future implemen-
tation of AMRs on a larger scale, SE will already be aware of the many potential
roadblocks and pitfalls associated with the process. Another aspect is in terms of
cyber security. Connecting the AMR to the ERP system means the AMR needs
to be secure in order to not pose a threat of potentially exposing the data of the
ERP system. By only relying on sensors the AMR does not have to handle sensitive
information or be connected to a WiFi.

The supplier mentioned during this interview will only be responsible for selling the
AMR. The con�guration of conveyors and the �nal solution presented will be per-
formed by another company acting as a system integrator with a license to sell their
products. Meaning that future support unless directly related to the AMR itself
will not be handled by supplier 1. Such as implementation a long with training and
educating operators at SE on how to operate the AMR. They will also be responsible
for future support. Maintenance costs of the AMR were also discussed, but this is
heavily dependent on the usage and how well it is maintained.

No additional infrastructure would be needed in order for the AMR to navigate.
There are clear reference points available for example in the pallet racks that can be
used. In certain areas on the production �oor where material such as pallets is stored
and therefore may not be present at all time, its possible to set up smaller guard
rails as reference points. This is done in order to prevent the AMR from having
to spend an unnecessary amount of time repeatedly scanning the environment for
objects and adapting its route. It may therefore be more bene�cial to treat the zone
as a permanent object. The battery range was also discussed. The battery life is
dependent on the weight of the load but also how it is charged during the days.

The results from study visit

The �rst topic discussed was how an AMR is used within the company. Today one
AMR is utilized and the work tasks consists of transporting goods stored in EU-
pallets between di�erent locations. The �eet management is not connected to their
ERP-system, instead signals are communicated through manual buttons available
at each pick-up and delivery station. There are multiple delivery stations available
in the factory, and each delivery station have a set of di�erent buttons connected to
each station. The operator therefore have to know which station di�erent products
belong to, in order to send material to the correct location. Since the AMR is not
connected to the ERP-systems, human errors are easier to correct as mistakes such
as sending material to the wrong location simply be reverted by a manual forklift.

The investment was mainly done to save in on forklift operator time and also improv-
ing the safety by reducing regular forklift tra�c. One key point that was brought
forward was that they tried to keep it as simple as possible. Hence the use of phys-
ical buttons for creating job orders for the robot and not the integration of the
ERP-system.
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One large bene�t according to Company A was that the AMR system was easy to
implement and also to make changes. The whole installation process took accord-
ing to them around eight hours. And making changes such as moving and adding
tasks and picking stations also takes little e�ort. Adding picking stations was also
relatively cheap compared to the initial investment cost of the robot plus charger.
The robot itself was the most expensive investment.

The daily operations of the robot was smooth and there were little to no problems
with the performance of the robot. The only ongoing maintenance was that the
sensors needed to be cleaned from dust once per week. Even thought the robot
was equipped with lamps and speakers which emit warning sounds some accidents
happened where forklift operators drove into the robot. The company warned about
the robot operating in direct sunlight which could potentially disrupt its cameras.
This was something their AMR supplier had warned them of but nothing they had
experienced yet.

4.3 The results from analyze step

This section will cover the analysing and combination of information from the earlier
sections in the Result Chapter. Starting of with aMaterial �ow that dissects how
material move in the production today. Material �ow simulation presents the re-
sults and outcomes from the simulation created in Visual Components. TheReturn
on investment section combines data from both the Stopwatch study and MONI-
TOR G5to estimate the cost savings with the AGV/AMR implementation. Supplier
evaluation covers the analysis of the best �t supplier which will be recommended to
collaborate with for SE.

4.3.1 Present state analysis

The Present state analysispresents important aspects of the material handling pro-
cess today. Starting with how theMaterial �ow is through the factory. The ware-
house location and storage units are presented in the sectionHigh material storage.
Packaging and pallets presents what type of containers currently used.Logistics
handling technologiespresents the equipment used such as forklifts. The safety
section analyses the safety aspect of the material handling process today.
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Material �ow

The material �ow that will be investigated in this project is the �ow from the 4
manual press brake machines out to the four high material storage units situated in
another area of the factory. Today �nished goods from the manual press brakes are
delivered in two separate ways to the storage units.

Figure 4.2: Press brake 1151

The most commonly used path is the green one (see 4.4), where material �rst is
delivered to a conveyor band acting as a bu�er. Multiple pallets not only arriving
from the press brakes are stored here, meaning that the transportation time from
press brake to high storage are not consistent. As it is dependent on two factors.
How many pallets are in queue at the conveyor band, and when a truck operator
is available to empty the band. The press brake operators enter the conveyor band
(T11) as warehouse location input in the ERP-system, and forklift operator changes
it from T11 to the storage units (HISS).
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