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Epiroc Rock Drills AB in Örebro manufactures and develops
machinery for the infrastructure required to maintain a fully
operational mining industry, such as ventilation, drilling rigs,
trucks and loaders etc.
In these environmentally conscious times, a large market focus for
zero emission machines has begun to emerge. By replacing today's
internal combustion engines, mining companies can save large sums
of money in ventilation costs and fuel while creating a more
pleasant working environment in the mines. Due to these rapidly
changing needs, Epiroc's machines must also change in design and
performance. Epiroc has thus chosen to use interchangeable
batteries in their new generation of mining machines. When the
battery is discharged, it must be easy to replace with a fully
charged one. From an economic point of view, it is also important
that the machine is always in production without any stops, making
fast and efficient battery switches desirable. At present, the
battery change is usually done with a mono-rail crane down the
mine. This has proved to be very difficult and ineffective as the
battery is too often jammed into the machine due to the fact that
the machine is poorly positioned against the crane. Ceiling height
is also a problem, preferably one should have about 6-7 meters to
accomplish a safe lift with the crane, which is not always
possible down in a mine.
In order to find a more long-term solution to this problem, this
degree project took its start. During the course of the process, a
number of methods in product development and concept generation
have been used to develop different concepts and screen them based
on the needs identified at the beginning of the work. The main
problem was divided into four sub problems to facilitate concept
generation, the most promising sub concepts were visualized using
CAD and then put together in different combinations. These
combinations were then evaluated against today's solution to
easily see what concept should be further developed.
This resulted in a concept that consists of a separate platform,
which can either be placed on a vehicle or as a stand-alone
station. On this platform there are two telescopic arms, one on
each side. These arms lifts the three ton heavy battery from
the mining machine in an arcuate motion over a charged battery on
the platform, placing it in a designated location and then lifts
the charged battery into the machine. With this concept, it is
also possible to accomplish a safe change with a limited ceiling
height of approximately 3.5-4 meters, which is an improvement
compared to today's solution.
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Sammanfattning
Epiroc Rock Drills AB i Örebro tillverkar och utvecklar maskiner för den infrastruktur
som krävs för att upprätthålla en helt fungerande gruvindustri detta innefattar exempelvis
ventilation, borriggar, truckar och lastare m.m.
I dessa miljömedvetna tider har ett stort marknadsfokus för noll emissions maskiner börjat
att växa fram. Genom att ersätta dagens förbränningsmotorer med el kan gruvföretag
spara stora summor pengar i form av ventilationskostnader och bränsle samtidigt som
man skapar en trivsammare arbetsmiljö i gruvorna. På grund av dessa snabbt förändrade
behov måste Epirocs maskiner också förändras i design och prestanda.
Epiroc har således valt att använda sig av utbytbara batterier i deras nya generation av
gruvmaskiner. När batteriet är urladdat måste det enkelt kunna bytas ut med ett fulladdat,
ur ett ekonomiskt perspektiv är det även viktigt att maskinen alltid är i produktion utan
långa stopp, vilket gör snabba och effektiva byten åtråvärt. I dagsläget görs batteribytet
oftast med en enkelspårig travers nere i gruvan. Detta har visat sig vara mycket svårt och
ineffektivt då batteriet allt för ofta kilar fast på väg ner i maskinen p.g.a. att maskinen är
dåligt positionerad mot traversen. Takhöjd är även något av ett problem då man helst vill
ha ca 6–7 meter för att genomföra ett säkert lyft med travers, vilket inte alltid är möjligt
nere i en gruva.
För att finna en mer långsiktig lösning på detta problem tog detta examensarbete sin start.
Under arbetets gång har ett flertal metoder inom produktutveckling och konceptgenerering använts för att ta fram olika koncept och sålla dessa utifrån de behov som
identifierades i början. Huvudproblemet delades upp i fyra delproblem för att underlätta
konceptgenereringen, de delkoncept som verkade mest lovande visualiserades med hjälp
av CAD och sattes sedan ihop i olika kombinationer. Dessa kombinationer evaluerades
sedan mot dagens lösning för att enkelt kunna se vilket koncept som bör vidareutvecklas.
Resultatet blev ett koncept som utgörs av en separat plattform, som antingen kan placeras
på ett fordon eller stationärt. På denna plattform sitter det två teleskoparmar, en på vardera
sidan. Dessa armar lyfter det tre ton tunga batteriet ur gruvmaskinen i en bågformad
rörelse över ett ny laddat batteri som står på plattformen, placerar det på en designerad
plats och lyfter därefter i det nya. Med detta koncept klarar man även att genomföra ett
säkert byte med en begränsad takhöjd på ungefär 3,5–4 meter, vilket är en klar förbättring
gentemot dagens lösning.

Nyckelord: Batteribyte, CAD, Gruvmaskin, Konstruktion och design, Koncept,
Konceptgenerering, Produktutveckling,
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1 Introduction
1.1 About the company
Epiroc Rock Drills AB in Örebro is an independent part within the Atlas Copco Group.
They manufacture and develop the machinery for the infrastructure required to maintain
a fully operational mining industry such as ventilation, drilling rigs, trucks and loaders.
They are located on all continents worldwide with a large and developed service network
for their customers.

1.2 Background
In these environmentally conscious times there is a large market focus on zero-emission
machines. By replacing today's internal combustion engines with electricity, mining
companies can save large sums of money in the form of ventilation costs and fuel while
creating a more pleasant working environment in the mines. Due to these rapidly
changing needs, Epiroc's machines must also be included in its design and performance,
as well as the daily service needs that follows with it. A large part of these daily service
needs is to replace the batteries in the machines. When the battery is discharged, it must
be easy to replace with a fully charged one, so that the machine is always in production
without prolonged stops, making short replacement times between battery switches very
desirable. Today's solution to this problem can be developed further and is only a shortterm solution so far. By creating a new concept and increasing the machines efficiency,
more customers with other limitations can be attracted.

1.3 Problem description
Today's solution for battery replacement in their machines is considered to be a shortterm solution and somewhat dysfunctional, a long-term solution is needed to increase the
machine's efficiency and ease of use.

1.4 Purpose and scope
The aim of the thesis work is to develop a new concept of battery replacement in Epiroc’s
underground machines (trucks and loaders), with focus on securing the battery’s position
as well as loading and unloading it in and out of the machine. The purpose of the project
is to increase the ease of use and reduce the time between battery replacements. The main
task is thus to develop a concept and not a finished product. The important thing in this
situation is to think outside the box and not to stall for small and practical technicalities
as it limits creative concept generation.
The goal of the thesis is to:
•
•
•
•
•
•

Present a general concept for battery change regarding Epiroc’s trucks and
loaders
Display assembled CAD models where the concept is clearly stated
Minimize replacement time of the battery (should be faster than the current
solution)
Make the concept work for several machines in the product portfolio
Better user friendliness than current solution
Present drawings of the final concept, subassemblies and concept functionality
1
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1.5 Delimitations
The concept will focus on how the battery will be held / locked in the machine and how
the replacement of the battery is done. In this part of the concept there is also need for a
concept that guides the battery in the correct place for it to be locked. Because Epiroc has
both trucks and loaders, two concepts may eventually develop in order to be applied to
each vehicle type, unless the same concept works for both.
CAD models will be made without major detail, for example no holes, fasteners etc.
Compilations will be made for the winning concepts, but no detailed drawings.

1.6 Method
1.6.1 Pilot study and requirements
In order to get a good insight into the previously described problem and its function at the
moment, a preliminary study was conducted in which empirical material was gathered in
the form of a number of meetings with key persons at Epiroc, amongst others a
representative from technical service and one from the patent department. Meetings were
also held with engineers at research and development (R&D) as well as productions
fitters. After this, it became clear what requirements the concept had to fulfill. The
requirements were then compared against each other and the necessary properties could
be obtained, in accordance with a method of product development (Ulrich & Eppinger,
2014). This was compiled in a needs and properties matrix, which represents what the
new concept should cope with. The current battery machines in question were also studied
at the workshop floor and in CAD during the course of work to allow for a personal
evaluation and point of view of the problem. An easier form of time study and mapping
of today's battery replacement process was also made, with the aim of finding any
unnecessary steps that could be reduced or simplified in the new concept, as well as
increased understanding of the switching process.

1.6.2 Generating concepts for battery change
Much of the time was spent on patent searching to study what types of solutions that
existed today, what could be improved and what to avoid due to legal rights that the patent
entails. To limit the range of different patents, the search for IPC classes B60K1 / 04 in
combination with E21 ("B60K1 / 04 and E21" were written into the search engine) were
used, which simplified narrows the search area to battery machines in the mining sector.
Previous experience in Epiroc’s machinery and mining industry (three years as a
mechanic and one year as a test and verification technician) was also handy when the
development of different concepts took its start. Further external information searching
on the internet took place, some inspiration was given through image searches, movie
clips, journals and scientific articles where solutions on how others have solved similar
problems that could possibly be applied into the concept. Most journals and articles were
read at Uppsala University's electronic library.
The main problem of the work was divided into four sub-problems in order to more easily
generate many sub-concepts that could further down the road be combined into complete
concepts.
2
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Then a number of different concepts were developed using a five-step model taken from
the book Product Development (Ulrich & Eppinger, 2014), where the procedure of the
first three (clarifying the problem, seeking information external and internal) has already
been described above. The fourth step is to, based on the results of the previous steps,
systematically explore, navigate and organize among the different sub-solutions found
through concept classification trees and combination tables.
1.6.3 Concept evaluation and improvement
The final and fifth step in concept generation process was done in the form of a workshop
(Design Review) with stakeholders within the company, giving opportunity for reflection
on the different solutions. The concepts were objectively discussed in order to highlight
both pros and cons. Then it was decided which concepts were worth working on and
developing further. During the workshop, questions were also raised, with the purpose to
more easily highlight reflections.
1.6.4 Creation of 3D models
During the course of the work, the CAD program Creo parametric has been used to easily
visualize the concept and create a deeper detail in the intended solution, where any
failures are effectively clarified. This also facilitated the evaluation of different concepts.
1.6.5 Planning
At the start, a project plan was made, aiming at explaining the different phases the work
should contain. These phases were planned using a simplified Gantt process chart
(Tonnquist, 2016) where the various phases of the project were clearly visualized. Since
the work was carried out at Epiroc, a constant dialogue with supervisors and other key
persons could be held. Formal meetings were also held continuously.

1.7 Glossary
In this thesis, there are a number of different notions and abbreviations. Below, there is a
compilation list explaining these to increase the reader's understanding of the subject in
matter.
ARV – Automation Ready Vehicle, is an option that allows the vehicle to run by itself,
based on a built-in laser navigation system that scans its 3D environment in real time and
acts according to the developed software.
CAD - Stands for Computer Aided Design and is a digital computer software tool used
to model three-dimensional parts and structures. In this work, Creo parametric has been
used.
Crane – Is a machine equipped with a hoist wire (can also be a chain) and has the purpose
of manually lifting and lowering heavy objects and moving them horizontally from one
place to another.
Design review - An expression used in Epiroc when you have a meeting regarding design
proposals where different aspects are taken into consideration, which idea or solution
works best.

3
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Drilling rig - A machine whose task is to drill holes in the mine tunnel's face where
explosives are planted and fired to break the mountain crop and continue to extract for
e.g. desired minerals.
Epiroc Rock Drills AB - Only referred to Epiroc for daily use, and will continue to do so
in the report.
Gantt process chart - A flow chart visually describing different phases in a project plan,
at what time different moments are intended to begin and end, what must be done before
the next stage can begin etc. (Tonnquist, 2016).
IPC classification – International Patent Classification is used to classify the content of
patents in a uniform way (Espacenet, 2016).
Loader - A vehicle with a scoop used to fill the trucks load bed.
Set time - The time it takes between different steps or stages in a process, for e.g. changing
a battery.
MRS – Stands for Mining and Rock Excavation Service, this department focuses on
supporting Epiroc’s customers and their purchased vehicles.
R&D – Stands for Research and Development and is a department within Epiroc where
the mechanical and technical design of the vehicles is constantly improved.
Scaling bar – A bar used to loosen rocks in the ceiling after blasting in mines, but
sometimes it is also used as a lever or crowbar.
Truck - A vehicle with a load bed that transports the rock material out of the mine.

4
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2 Theory
2.1 Patent
Ulrich & Eppinger describes the definition of a patent as a legal protection, whose task is
to temporarily grant exclusive rights to an inventor or company that prevents external
parties from using the invention. A patent can only be applied if it meets three criteria;
the invention must be industrially applicable, the invention may not have been disclosed
before the patent application has been filed, the invention should not be obvious or clearly
understood to those who has expertise in the area. In other words, the invention needs to
have a certain amount of inventiveness (Ulrich & Eppinger, 2014).

2.2 Method of Concept Generation
In this work, the conceptualization is based on the method described in the Book Product
Development (Ulrich & Eppinger, 2014) and is illustrated in Figure 2.1 below. The
method is divided into five different steps to analyze and identify in a structured approach,
the needs that the concept ultimately must fulfill.
1.
•
•
•

Clarify the problem
Understanding
Problem breakdown
Focus on critical sub
problems

Sub problems

2.
•
•
•

Search
externally
Experts
Patents
Literature

3.
•
•

Existing concepts

Search
internally
Individually
Group

New concepts
4.
•
•

Explore systematically
Classification trees
Concept Combination table

Integrated solutions
5.
•

Reflect on the solutions and
process
Constructive feedback

Figure 2.1. Concept generation method in five steps.
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2.2.1 Step 1. Clarify the problem
First, an understanding of the product must be obtained and the problem clarified so that
it can be broken down into several sub problems, which is usually beneficial in big and
complex problems. In this case, the battery switching problem has been divided into four
different sub problems; battery replacement, battery locking, vehicle positioning aid and
guiding the battery into its right place into the machine.
In order to identify the needs that the concept should meet, a situational analysis is first
conducted where interviews or meetings are held with people from different departments
within the company, thus benefiting excellence from several directions and then
compiling the information.
Once the needs have been identified, a significance factor is introduced representing the
relative importance of the needs in order to easily see how future needs should be
prioritized and which permits the biggest compromise. After the needs have been
identified, characteristics must be developed that meets these. There are some guidelines
for how properties should be designed. They should be complete where each need
preferably corresponds to a property. The properties should also be dependent variables
and not independent. Thus, the properties should not be formulated how to achieve the
need, but rather what it should achieve (what-not-how). The properties should also
specify the overall performance (battery replacement time, battery weight etc.). They
should also be practical, for e.g. it must be measured by simple means. However, this will
only be applied to a small extent as the conceptualization of the battery change will not
be broken down at detail level due to the lack of time. This is something that needs to be
done further along with a proper requirement specification when the concept is about to
become a reality.
In order to create a clear visualization of the concept's needs, properties and how they
correlate to each other, these can be compiled in a needs-property matrix (See needs and
characteristics analysis chapter 4.1, Table 4.3). This matrix is a simpler variant of the
otherwise well-used quality house, most commonly used in Quality Function
Deployment, QFD. This is a method where the quality development team allows the
customer to be involved and focus on finding the obvious needs that the customer partly
knows that it wants, but also fulfilling needs they did not know they had (Bergman &
Klefsjö, 2012).
2.2.2 Step 2. Searching externally
The second step is to find solutions to the problems encountered in Step 1. External search
really takes place throughout all the steps in concept generation. Existing solutions are
usually already proven, reliable and can be implemented quickly, making the external
search extremely effective from a development process perspective. Much inspiration can
be obtained from existing solutions and can in many cases be combined with new
solutions to improve the overall solution. The external search thus focuses on information
gathering from competing products and patents, but also through users of excellence
(Ulrich & Eppinger, 2014).
Users of excellence are the group of users that detects different needs of a product long
time before the public or the majority of the market. In order to apply it to this work, an
Epiroc service technician called Christian Green was contacted. This person personally
6
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meets these users (customers) in the mines. In this manner, observations of different needs
can be obtained from the machines real working environment and may therefore be
considered as very important information for this concept generation.
Further ways of obtaining useful information are to search for published literature in the
form of journals, business papers, conference publications, advertisements for new
products, product information, etc. This is easily done electronically via search engines
on the internet, however, the quality of search results may be difficult to assess and
therefore you should only use reliable sources.
2.2.3 Step 3. Searching internally
Here the focus is on using personal knowledge in combination with creativity to generate
concepts (brainstorming). Here are four good guidelines to keep track of with the purpose
of improving the search.
These are:
•

•

•

•

Quantity before quality (generate many ideas). It is usually good to come up
with many ideas, the more the better, all to increase the likelihood of covering the
whole range of potential solutions. Assuming all solutions are bad or incomplete,
the mind is kept open while different ideas can lead to further solutions (Gadd,
2011).
Do not stress a decision. When deciding on a specific concept, one must be
prepared to take the possible consequences that it entails, a product concept may
take several years to fully develop. For a successful concept, it is therefore
important to postpone decision-making the additional days that may be necessary
to evaluate the various proposals carefully.
Draw, sketch and model. In many cases, it is extremely difficult to describe
thoughts and ideas in only words. To enhance others understanding as well as
your own, it is therefore important to use the simple means to draw and sketch
the physical solutions to the problem. You can also build a simpler model in
carton, CAD models and 3D print-outs to see how the solution would work in
reality.
Nothing is impossible. The principle is, ideas that initially seem impossible can
usually be improved, modified or developed in different ways. The more
impossible it is considered to be the greater the range, one has to fill in creativity
and innovation which can generate new and better solutions. Impossible solutions
should thus be received with open arms.

Continuingly, it may also be beneficial to have individual meetings and group meetings
throughout the concept-generating phase. Studies show that individuals who work
individually for a certain period of time generate more and better concepts than if the
same person was working in a group (McGrath, 1984). It is therefore important during
the course of the project to alternate between independent work and group meetings, for
e.g. the developed concepts can be discussed in group meetings, covering a wider range
of pros and cons.
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When generating concepts, there are a number of different ways to stimulate the
emergence of new ideas, a list of which has been made in previous publications (Ulrich
& Eppinger, 2014) and is summarized on the next page.
•

•

•

•

Find analogies. What other solutions already exist for similar problems? Can you
find a biological or natural analogy that already have solved a similar need? Are
there any products with properties that solve similar issues in other application
areas?
Wishful thinking. Starting a thought with the meaning "I wish we could ..." helps
to consider new opportunities and takes in count of the actual constraints of the
problem.
Quantitative objectives. It may be a good source of motivation to set a
quantitative goal regarding conceptualization as the process itself may be mentally
stressful. Here for e.g. you can set a goal to generate ten concepts a day a few days
in a row.
Screening. This means to sort out between the developed concepts, individually
and in groups. Each concept has its own A4 sheet that easily visualizes the idea
behind it. The group studies each concept and then come up with improvements
or sometimes generate new concepts spontaneously.

2.2.4 Step 4. Explore systematically
After the external and internal search is done, a compilation should be made. The main
problem is divided into four sub-problems, therefore many concept combinations can be
found. In order to effectively determine which combinations are possible to invest
additional time in, there are two tools for the purpose, concept classification tree and
concept combination table. This project, however, focuses on a concept combination tree,
the purpose of which is to present a way of simplicity to overlook different combinations
of the sub-concepts.
Based on this tree, several combinations can be seen, some are probably not feasible,
while others will be more promising. Here it's encouraged to freely combine different
concepts and make simple sketches of how they could work together. Once all promising
concept combinations have been developed, it is time to go to the next step.
2.2.5 Step 5. Reflect on the solutions and process
In the fifth and final step, the opportunity for reflection of the concept-generating process
is given, preferably discussed in group. Here, objective views on the different solutions
and concept combinations can also be performed and further thoughts and ideas are
highlighted. In order to get a good reflection, there are some key questions that can be
addressed to the group (Ulrich & Eppinger, 2014), these are:
•
•
•
•
•

Is the team convinced that the solution-range has been fully investigated?
Are there any other options for the function charts?
Are there other ways to break down the problem?
Have external sources been followed up carefully?
Have ideas from all been accepted and integrated into the process?

8
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2.3 Concept choice
When concept creation is complete, it's time to choose one or more of the concepts that
seem most promising. This can be done through intuition or, in a more structured way,
emphasize how well the different characteristics meet the client's criteria or needs (Ulrich
& Eppinger, 2014). In order to make the right choice, and at the same time get good
documentation about the selection, this project has taken the structured approach. The
method used in this case is described under the heading below.
2.3.1 Concept Screening
By using a Screening Matrix, the concepts can be evaluated in relation to a general
reference concept or solution, in this case, the current battery replacement solution is a
good reference point. A kind of rating system is used where you constantly compare the
concepts performance to the reference, how well it fulfils the different needs, better puts
a plus (+), or if it is worse than the reference, a minus (-). If, on the other hand, it seems
equal, the score is zero (0). This type of matrix is usually mentioned as Pugh's matrix and
was developed by Stuart Pugh in the 1980s. It's a fast and effective method of screening
between different concepts while not focusing too much on numbers, which Pugh
believes can be misleading and thus reduce creativity during the actual development
(Pugh, 1990).
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3 Situational analysis
In order to create a deeper understanding of the problem with quick and easy means, a
number of meetings with different people were held, where a need analysis was slowly
developed. The following subheadings clarify what emerged in the different
conversations and ends with a summarized list of today’s problems.

3.1 Consultation with mechanical engineers
One important thing to keep in mind is to strive for the lowest possible weight, partly to
save money in material costs and to take the environment into account, but also to ensure
that the machine's performance does not deteriorate. A mining machine makes many
starts and stops, which means that the acceleration of the machine is highly important.
Just like Newton's second law says (𝐹 = 𝑚 ∙ 𝑎), if acceleration is to remain unchanged,
the weight must also be unchanged, because the power (engine power in this case) can't
be increased.
One should also strive to keep the concepts as simple as possible, the less moving parts
the better. Because the mining environment is incredibly harsh (high humidity, muddy,
hard rock walls etc.) robust constructions is required where shock resistance is a must. If
one can make a construction very simple, it would make it easier to maintain the
machine's reliability. Here, one should also consider avoiding complex systems with very
difficult technology, not because it is impossible, but because of the serviceability for the
personnel in the mines, which is usually done with simple means (Niordson & Persson,
2018).
The concept must also take into account what happens if the battery in the machine runs
out faster than planned and becomes stranded in the middle of a tunnel with, for example,
a filled bucket or truck bed. Here should the concept preferably allow for easily battery
replacement, so that other staff and machines don't have to interrupt their production to
tow the stranded machine more than necessary.
Furthermore, one should also consider the manufacturing ability of the concept and what
manufacturing technology is available. The solution must also be able to be mounted in
production in a reasonably smooth manner.

3.2 Consultation with a service technician
One of Christian Green’s tasks at Epiroc as a service technician is to visit various mines
where Epiroc's machines are located, help the customers with their problems and
generally form an idea of how the machines work.
Since these battery machines are still very new and have been tested for about 600 hours,
there is really no basis to work on. It goes without saying that the replacement of the
battery down in the mine is very problematic. At present, there is a custom made lifting
device to circumvent the lifting height that is otherwise required with lifting chains, this
device is also balanced to lift the battery out straight (the battery's centre of gravity is
slightly unsymmetrical) without getting stuck. The problem with this device is partly that
it weighs 500 kg while it is very impractical to handle and still does not allow enough
clearance for the battery to be easily lifted without clinging. One time it took six people
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to succeed in changing the battery, getting stuck in the machine, they had to use a scaling
bar to lever the battery while some of them constantly swinging the battery laterally for
it to come loose (Green, 2018).
Since these high-risk liftings (dangerous, heavy and high-lift) occur twice a shift, this
generates a relative high frequency of changes over a longer period of time. If you also
look at the exposure time (battery change time) that the miners are exposed to when the
battery gets stuck, can one with a simple risk analysis determine that an accident is only
a question of time. Therefore, the focus should be on safe procedures, avoiding lifting, or
at least ensuring that it stays low in height.
When asked about the mines, if they are willing to adapt the place where the battery is
changed, the service technician thought it would probably not be a problem. It is probably
a small additional cost in the broad context of replacing the existing machine fleet for
battery-powered machines.
Some observations have also been made by Christian regarding competitors' solutions,
one of which has departed from the concept of lifting the battery completely and instead,
in some way, the vehicle drops the battery on the floor and picks up a new one by using
another smaller battery as energy source that is fixed on the machine (Artisanvehicles,
2018), if it actually works is still unclear. Another competitor has also tried lift hooks that
lift up a whole back part (a whole module) where the battery is included. However, the
fastening and lifting device was damaged immediately when the machine was facing a
rock wall, which made the fragile construction unusable (Green, 2018).

3.3 Consultation with fitters
A workshop visit was done where Cenneth Jakobsson works at the station where a battery
machine was currently being assembled. The question was asked if he had any objections
or comments on today's solution, it was found that the process of battery replacement in
the workshop was no major problem. The battery itself, however, is perceived as very
delicate and required careful handling during the exchange (Jakobsson, 2018). A battery
lift was also performed by Cenneth during this visit and a simpler mapping and time study
was made. The results proved surprisingly good and seemingly nothing needs to be
improved. However, it should be kept in mind that this was done under ideal conditions
and that the infrastructure of a modern mine usually don't meet these standards. In the
workshop there is plenty of space (wide and high), cranes that can move in all three
dimensions, flat floors, good lighting and visibility.
3.3.1 Mapping the battery change
When changing a battery, the first step is to make the machine powerless (after parking it
in the appropriate location), which means that you first turn off the machine's control
system at 24 V, then disconnect the battery with a switch and afterwards disconnect three
connector gloves. In two of these gloves, there are control circuits for the battery
(information flow) back and forth, in the third the power is delivered to the machine's
electric motors. After this is done, four battery locks must be removed, which keeps the
battery in place. Through four hoist ears, one in each corner of the battery is a four-part
chain attached to a crane. During this stage, it is noted that small but significant
corrections must continuously be made in X- and Y-direction of the crane to keep the
battery centred underneath the hoist, so the battery doesn't get stuck in the machine.
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Another aspect to take into consideration is the angle of the four-part chain, in order to
make a safe lift with heavy load (about 3ton in this case), this angle should not be
overridden, as it will cause the battery's hoist ears to strain horizontally instead of
vertically but also straining the lifting chain itself. As a consequence, a ceiling height of
approximately seven meters is required to safely lift this battery, which causes a problem
in the mine where this ceiling height is usually not available, or even a multi-rail crane.
In Table 3.1, the different steps are shown with the respective clocked time, note that this
is only the part of taking out the battery that is described. The procedure is then reversed
when the charged battery is installed, therefore, assuming that a full battery replacement
takes about 10 to 12 minutes under these conditions.
Table 3.1. Shows the various steps that are made when a battery is changed.

Process step nr. Description

Time (min)

1
2
3
4
5
Total time

0,5
0,5
1
1
2
5

Break the electrical power (2st separators)
Remove electrical gloves
Remove battery locks
Apply lift chain and position travers
Remove the battery

3.4 Consultation about patents
The aim of this meeting with Victor Westergård was to get a better understanding of how
Epiroc works with patents and what to consider when developing a new concept. During
the meeting, a number of searches were made on various current patent classes, which
may later be submitted to applications. Patents can also be seen as a good source of
inspiration, and many of the patents are currently out of date, which allows them to be
applied in the new concept to some extent (Westergård, 2018). As mentioned above, you
can use existing (now commonly known) solutions and apply them within this area.
During the meeting, it is also said that a patent application can be made of old solutions
that have been significantly improved or simply applied in a new field of application.
Patent searches are recommended by Victor to be made via Espacenet.com to ensure good
traceability and simpler structured searches. Furthermore, it was decided to delimit the
patent search to some specified IPC classes, these were:

“

•

•
•

B60K1/04 – of the electric storage means for propulsion (for auxiliary purposes
only B60R16/04; supplying batteries to, or removing batteries from, vehicles
B60S5/06).
E21 – Earth drilling; Mining.
B66F9 - Devices for lifting or lowering bulky or heavy goods for loading or
unloading purposes (mobile or transportable lifts in, or associated with, buildings
and specially adapted to be shifted from one part of a building or other structure to
another part or to another building or structure B66B9/16; cranes B66C).

(Espacenet, 2016)
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3.5 Problems with existing solution
Below is a compiled bullet list of the problems encountered with today's solutions, which
hopefully provides a clearer view of the problem’s formulation and a good foundation for
the new concept's needs and the desirable characteristics.
•

•

•
•
•

•
•
•

The battery replacement is difficult on uneven surfaces and without multi-rail
cranes. Some customers change the battery with another machine fitted with a
beam and a hook, making it even more difficult when the battery is lifted out in
an "arc" instead of straight up.
The battery lock allows for a certain amount of battery movement vertically,
which allows the battery to "bounce" up and down when driving aggressive on
uneven ground, which tears down the rubber face at the battery’s bottom very
quickly.
Ceiling height of approximately 6-7 meters is required to perform a safe lift
without fixture or lifting device.
High safety risk with today's heavy and high lift combined with poor visibility
and the battery jamming.
Hook lift solutions is not optimal when the battery is integrated into a replaceable
module, when bumped into a wall, fastening and replacement devices become
skewed, making the machine unusable and difficult to repair.
At present it’s very hard for one person to replace the battery alone in the mine.
The lifting device that is used where there is low ceilings height weighs very much
and is not very user friendly, the battery also wedges when using this.
Operators find it difficult to position the vehicle in line with the crane for the
battery change, resulting in the fully charged battery wedging when it’s mounted.
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4 Generating concepts
As mentioned earlier in chapter three, the main problem has been divided into four sub
problems, replacement, locking, guiding the battery during the lift and also positioning
aid for the vehicle. Within these four problems, inspiration from several other solutions
has been retrieved and is listed below in Table 4.1.
Table 4.1. Shows the inspiration sources of the different sub problems.

Exchange

Locking

Hook lift

Twist lock (similar to containers) Kitchen drawer

Gun sight

Telescope

Morse cone

Slide rails

Parking pocket

Forklift

Tow hook

Rails

Reversing camera

Palette change

Fifth wheel coupling

Conical pins

Construction laser

CNC-machines Eccentric lock / over centre lock

Guiding

Positioning aid

Casting with release angles

4.1 Needs and characteristics
In Table 4.2 below there is a compilation list of the needs arising from the status analysis.
These needs have also been weighted against each other in order to more easily determine
what needs should be prioritized. This were done during a meeting with Rikard
Erlandsson at the Test & Verification department, he is in charge for testing the prototype
battery vehicles and to evaluate their performance before they are shipped out on field
tests (Erlandsson, 2018).
Table 4.2. Shows the different observed needs for the future concept, where the scale of significance is from 1-5 of
which 5 is the most important.

#
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
20
21
22
23

General
General
General
General
General
General
General
General
General
General
General
General
General
General
The Exchange
The Exchange
The Exchange
Guiding
Guiding
Guiding
Locking
Locking
Locking
Locking

Needs
Safe procedure
The change isn’t affected by uneven surfaces
Doesn’t require a crane
Doesn’t require cast concrete slab
Allows swapping worn parts easily
Lasts a long time
Is safe in case of an accident
Can be maintained with standard tools
Not affected by water and dirt
Sense of robustness
Ready for battery weight of over 5 tons
The change can occur under poor lighting or visibility
Change time less than 10 minutes
Easy replacement of other components, maintenance
Should be possible to do for one person without help
Can be done without special fixture or lifting gear
Allows low ceiling heights
The battery shouldn’t get stuck
Easy to position, regarding angle and distance
Easy to access for maintenance
Must be locked automatically
Tolerant to heavy shocks
Dampen vibrations
Easy to access for maintenance

Significance
5
5
4
4
4
3
5
5
4
5
5
5
4
4
5
5
4
5
4
4
3
5
1
5
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In the analysis of properties, it was found that certain things that were considered to be
needs were already desired characteristics. A compiled needs-property matrix is
presented in Table 4.3. The purpose is to easily identify the needs and characteristics of
each other, the needs with the lowest significance factor has been removed in this matrix.
Table 4.3. Needs- property matrix for battery replacement concept.
2 3 4 5 6 7 8 9 10 11 12 13

Characteristics
Don't need to be close when removing the battery
Does not require a cast concrete slab
Does not require travers
Can be maintained with standard tools
Allows the swapping worn parts easily
Robust construction
Sense of robustness
Tolerant to heavy shocks
Can handle weight up to 5 tonnes
Change time < 10 minutes
Easy to position, regarding angle and distance
Can be done without special fixture or lifting gear
The battery shouldn't get stuck

1

1
2
3
4
5
6
7
8
9
10
11
12
13
14

Needs
Safe procedure
Is safe in case of an accident
The change isn't affected by uneven surfaces
The battery doesn't need to be lifted considerably high
Allows low ceilings
Easily serviced and maintained
Have a long life time
Not affected by water and dirt
Sense of robustness
Ready for heavy batteries
Quick exchange
The change caneasily be done by one person
The change can occur under poor lighting / visibility
User-friendly

•
•
•
•
•
•

•
•

•
•
•

•
•
•
•

•
•
•

•

4.2 Concepts
After the concept generation was completed, a meeting was convened with several
persons from Epiroc’s different departments (Marketing, MRS and R&D) to reduce the
approximately 40 different concepts (about ten for each sub problem) to about seven in
total. In order to effectively choose among all these concepts, everyone voted on their
favourite concepts within each sub problem. After the group agreed which concepts that
should remain, different combinations of these were made.
For the battery change itself, it was agreed that the battery must be lifted and not pushed
from a platform into the machine on, for example, rolls. Because the smallest battery
currently weighs about three metric tons. These heavy weights make it very unsafe to
transport the battery on roll-tables while extremely flat and good surfaces is required.
However, the battery can be inserted into the vehicle on the horizontal plane, but the
bottom of the battery should not be in contact with anything before it is in the machine.
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4.2.1 Hook-lift
A hook-lift concept was chosen, among other things, shown in Figure 4.1. Where two
arms with hooks (pos. 2) attaches to each side of the battery and lifts it into the machine.
These attachment points (pos. 1) on the battery are located above its center of gravity,
which will make the battery self-balancing during a lift and does therefore not always
have to be completely in level when picked up. One can also imagine that these arms
either move in a circular path into the machine or as a telescope in and out or lowered at
the end and the beginning of the lift. This concept can advantageously be placed on the
mining machine, which hopefully eliminates the problems that otherwise arise when the
battery is stuck, here the battery is automatically guided into the machine.

Figure 4.1. Self-balancing hook-lift concept.

4.2.2 Self-balancing lifting device
Next concept presented in Figure 4.2, also uses a self-balancing principle, but here is a
need for a lifting device (pos. 1) that attaches on the top of the battery. Here the eyebolt
(pos. 3) can be adjusted laterally depending on how the battery is standing and it can turn
around its own axis to always maintain a vertical position, as well as the battery. The
upside-down U-formation (pos. 2) moves around an axis at the bottom, which causes the
battery to move in a semicircle, while the arms also can be changed in length during the
lift (telescope function). This allows for a lift trajectory straight up of or further out if
desired. The idea of the U-formation is that the battery will fit between the two posts,
allowing a battery to be lifted over another battery (the U-formation can move 180
degrees with a hanging battery). The concept is probably best suited for external
applications, for example on a designated battery carrier vehicle.

Figure 4.2. Self-balancing lifting device concept.
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4.2.3 External turntable
The concept in Figure 4.3 shows how a turntable can be used to quickly change the
location of the old and new battery. This concept is not intended to be applied to the
vehicle, but for example, on another dedicated battery carrier or fixed station. The benefits
of using a turntable is that the batteries can change places without the need for a high lift
(lift the old battery over the new or vice versa) but needs more width while rotating
instead. The rotational movement could be done with hydraulic motors and supporting
bearings under the table, just like the cabin does on an excavator for example.

Figure 4.3. Turntable concept.

4.2.4 Chamfered battery
Since most of the proposed guiding concepts had already been tested and partially
rejected, only the solution presented below remains. The other proposals were based on
hard and slippery plastic slides placed in the machine to guide the battery's path during
change. This has, however, been shown to create an effect where the battery quickly jams.
Another concept presented was the use of rolls that ran into a rail, but as previously
mentioned, these types of solutions were excluded due to the fact of safety hazards and
other practical reasons such as the effects of dirt and moisture.
The idea behind the concept in Figure 4.4 is to get as big tolerances for the battery as
possible, and to steer the battery in place as late as possible. The inspiration derived from
casting where the application of angles is used to more easily remove the detail from the
mold. The battery is only chamfered down the bottom (pos. 1) so that the battery's
effective volume is not affected too much since one want to maximize the battery cells to
keep the battery’s capacity at a high level. The battery will also, to some extent, be selflocking due to the conical shape, allowing for an easier locking application that only have
to stop vertical movements. The inside of the steering corners (pos. 2) has the same shape
as the batteries outside. The battery’s shape could have this exact configuration from the
start. If the battery shape needs to be cubical (like todays battery), plastic parts formed as
chocks could be mounted at the bottom for the same purpose.
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Figure 4.4 Concept for battery guiding

4.2.5 Twistlock
Today there are a lot of solutions for locking different types of containers or other cubic
shaped objects, looking at just containers, there is a standardized solution called twistlock.
One type of this lock is shown in Figure 4.5, this one specific is a manual lock where you
have to move the lever (pos. 1) from one side to the other for the arrow-shaped part (pos.
2) to rotate and lock. These locks are also available as semi-automatic and automatic, the
locking is proven to be robust and easily accessible, which also makes it applicable as
locking for batteries. This type of locking can possibly be further developed to better fit
this application. The lock itself is specified to handle loads of at least 40 metric tons before
failure (Certex, 2016).

Figure 4.5. Basic model of a twist lock (Verton, 2013).
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This type of foot (pos. 1) shown in Figure 4.6 can be placed on the bottom of the battery
and on the top, which can be used to lift the battery in, but also enables stacking batteries
at the same time as they can be locked into each other. This however needs a different
kind of twist lock than the one in the picture. The lock (pos. 2) is placed in the bottom of
the machine where it is welded to the frame (the same is applied in today's container
systems) or fastened with bolts if possible.

Figure 4.6. Sectioned view of the twist lock mechanism.

4.2.6 Hinge-lock
Figure 4.7 shows a simpler concept that provides a robust and reliable impression, the lock
uses a hinge (pos. 1) at the bottom to easily fold outwards from the battery. The yellow
eyebolt (pos. 2) is meant to be placed on the battery and only prevents the lock from
folding outwards, which is secured with a locking pin (pos. 3). Any vertical forces that
may arise should be taken by the flange with reinforcements (pos. 4) that lay horizontally
on top of the battery. The advantages of this type of locking are that it is cheap to
manufacture, simple, reliable and can be quickly replaced if one should break.

Figure 4.7 Hinge-lock concept
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4.2.7 Position aid
The first concept is foremost designed to position the vehicle against a battery switching
station, crane or similar. The concept is to facilitate the positioning of the vehicle by
simple means, having two reference points hanging from the ceiling in line with the crane
or station and two reference points on the vehicle. When the points match with each other,
the vehicle is in line with the desired position. This is also based on the driver being
reasonably skilled for the positioning to be effective. A simple sketch of this is shown in
Figure 4.8.

Figure 4.8. Side view of position aid concept.

Another concept was also considered possible, cross- or constructional laser could also
be used to position the vehicle. This laser is mounted in the ceiling in line with the crane
or lifting device and a similar reference point on the vehicle. Thinking one step further,
when these battery machines also have the ARV option, this positioning will only need
to be "calibrated" once and then the machine will automatically find the same position
through its built-in navigation system.

4.3 Combinations
Table 4.4 compiles the selected sub concepts and the various possible combinations that
will be evaluated are shown in Figure 4.9. Position aid is omitted in this phase, as work
must be limited and focused on the actual concept for changing the battery. Depending
on what concept is ultimately chosen, an additional project should be done for
conceptualization regarding positioning, however, thoughts and ideas regarding this is
discussed under section 8.
Table 4.4. Concept combination table.

Exchange
Hook-lift with horizontal movement (telescope)
Hook-lift with circular movement (linkage around axis)
Self-balancing lifting device
Turntable
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Locking
Twist lock
Hinge lock

Guiding
Chamfered battery (casting)
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The combination tree visualizes the various concept combinations (presented in previous
section) that are practically feasible, each concept combination has been given a number
and a letter which is supposed to represent the respective tree and branch. For example,
looking at the first combination tree, concept combination 1A includes the sub concepts;
hook-lift, turntable, chamfered battery and twistlock.

Hook-lift
(telescope)

Hook-lift (linkage
around axis)

Self-balancing
lifting device

With external
turntable

With external
turntable

Twistlock

Combination 1A

Hinge-lock

Combination 1B

Twistlock

Combination 2A

Hinge-lock

Combination 2B

Chamfered
battery

Chamfered
battery

Twistlock

Combination 3A

Hinge-lock

Combination 3B

Chamfered
battery

Figure 4.9. Concept combination tree.

4.4 Concept selection
In Table 4.5, a concept evaluation was made together with the Mechanical Engineer Petter
Niordson, showing that concept combination 3A (self-balancing lifting device with
chamfered battery and twisklocks) is the winner. The evaluation used today's solution as
a reference point, in order to maintain a fair assessment of each conceptual combination.
The concept won partly because it is possible to mount on a dedicated battery carrier
vehicle and therefore does not need to be mounted on the mining machine which saves
assembly time and money. But it also facilitates service and maintenance of the machine.
The automatic twist lock is also advantageous as it eliminates a step in the process, thus
reducing the total time it takes for the battery change.
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Table 4.5. Screening matrix of concept combinations.

Concept
#1

#2

#3

Reference

A B A B A

B

Existing

Compatible for several machines

0

0

0

0

+

+

0

Change can be done in narrow spaces

+

+

+

+

+

+

0

Low risk of battery getting stuck

+

+

+

+

+

+

0

Easily serviced and maintained

-

-

-

-

0

0

0

Remissive to uneven flooring (Batterychange)

+

+

+

+

+

+

0

Works when tires wears down (diameter)

0

0

0

0

0

0

0

External changing eq, easy to move and install

+

+

+

+

0

0

0

Can be implemented combined with ARV

0

0

0

0

0

0

0

Works with other battery shapes

-

-

-

-

0

0

0

Battery can be changed by one person alone easily

+

+

+

+

+

+

0

Don't need external powersource when changing

-

-

-

-

0

0

0

Fewer steps for changing battery

+

0

+

0

+

0

0

Selection criteria
Functionallity

Durability
Life span

-

-

-

-

0

0

0

Shock tolerant

0

0

0

0

0

0

0

Durable against water and dirt

0

0

0

0

0

0

0

Low lifting heights

+

+

+

+

+

+

0

No need to use bending tools when battery jams

+

+

+

+

+

+

0

Safe under poor lightning / visibility

0

0

0

0

0

0

0

Battery lock is safe in an accident (roll over etc)

0

0

0

0

0

0

0

Robustness

+

-

+

-

+

-

0

User friendliness

+

+

+

+

+

+

0

Cost of production

-

-

-

-

0

0

0

Easy to install

-

-

-

-

0

0

0

Low complexity of parts

-

-

-

-

-

-

0

Few fitting steps

-

-

-

-

0

0

0

10 8 10 8 10 8

0

Safe procedure

Subjective points

Easy to manufacture

Sum +
Sum 0

7

8

7

8 14 15

Sum -

8

9

8

9

1

2

0

Total sum

2 -1 2 -1 9

6

0

Ranking

3

2

5
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3

6

1

25

Degree project: CONCEPT FOR BATTERY CHANGE

5 Developing the concept
Figure 5.1 shows the completed concept called 3A in Table 4.5, assembly drawings for
this concept are available in the appendix. The telescopic arms (pos. 1) can be pushed in
and out using built-in hydraulic cylinders and move the battery back and forth through
hydraulic rotary motors located on each side of the arms on the platform. Looking at the
mining vehicle (pos. 5) there is guiding corners for the battery and also twistlocks in the
bottom that secures it. Exactly the same guiding and locks are mounted on the battery
changer platform (pos. 2 & 3) and is also located under the immersed battery that is seen
on the platform. The idea is that this platform can either be mounted on a vehicle or as a
stand-alone movable platform, which means that the charged battery can come to the
mining vehicle or the opposite, depending on what’s most beneficial. The battery changer
could stop next to the mining vehicle and replace the discharged battery. By placing the
discharged battery in the empty space on the platform and then lifts the charged battery
into the mining vehicle. Here the charged battery is immersed in the platform to reduce
the lifting height that is otherwise needed to lift the discharged battery over the other one.

Figure 5.1. Finished concept

Looking at the telescopic arms in Figure 5.2, they are linked by the transverse cylinder
(pos. 1) which is rotatable, preferably with bushings on each side so that the battery and
the connection rod (pos. 2) always are in a vertical position under a lift. It would also be
beneficial with the possibility to move the cylinder laterally (see red arrows) because it
allows the changer platform to be more flexible and less sensitive when the mining
vehicle is poorly positioned. The connection rod also has two joints to allow differences
in angles between the mining machine and the battery carrier platform.
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The battery is lifted with the fixture attached to the end of the connection rod, where four
twistlocks (pos. 3) are mounted underneath (same as locking the battery to the bottom).
The twistlock should be automatic, locks when the battery is lifted and unlocks when the
battery is at rest.

Figure 5.2. Lift fixture with twistlocks

Figure 5.3 shows a side view drawing of the concept and the telescopic arms reach. The
telescopic arms and their reach allows for relatively large differences in the distance
between the mining machine and the battery changer platform without any trouble.

Figure 5.3. Side view of final concept with arms fully extended.
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Studying Figure 5.4, it can be quickly noted that relatively low lifting heights can be
achieved. Assuming that this platform is on wheels, you should be able to replace a battery
of this size with a ceiling height of approximately 3.5 meters.

Figure 5.4. Side view of final concept with arms fully retracted.

Figure 5.5 presents another type of twistlock, which has the function of being completely
detachable at both ends. This lock is therefore not welded onto anything but it uses the
same locking device as the previously featured (Figure 4.5), but at both ends. In this case,
this component can be used to lock stacked batteries to each other, for example when put
in storage or transported, etc.
Since the battery has latching feet on the bottom as well on the top with the same pattern,
these can be used to secure the batteries to each other when stacking, see the concept in
Figure 5.6 below. The feet on the top of the battery are thus used to lift the battery, but
also to lock a battery that needs to be stacked on top. The reason that these feet protrude
out from the battery’s top is to enable forklifts to also lift and disconnect the batteries if
necessary. One can also imagine that both batteries can be lifted simultaneously (from
above or in under), while locked together, if desired.

Figure 5.5. Double twistlock.

Figure 5.6. Concept for stacking batteries.
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6 Analysis
At the beginning of the project a list of different needs was identified that needed to be
met by the concept developed, the most important points were the following:
•
•
•
•
•
•
•

Safe procedure
The change isn’t affected by uneven surfaces
The battery doesn’t need to be lifted considerably high
Sense of robustness
Quick Exchange
User-friendly
Easily serviced and maintained

Since the chosen concept is intended to be operated from, for example, a cabin, either
from the mining machine or the changing platform (if placed on a vehicle), the operator
will not be in direct contact or near the lift in the same way as at present. The new guiding
also allows for larger tolerances while replacing the battery, which should result in fewer
problems with the battery jamming. Theoretically, one could assume that this meets the
point of safe procedure. The twistlock is also specified to handle significantly heavier
loads than they will actually be exposed to in this application, which feels secure
regarding the safety of heavy hanging objects.
If you proceed to the next point that deals with whether the concept works on uneven
surfaces or not, one can begin to speculate that it is probably an adjustment question
versus which exterior dimensions of the design that can be allowed. Since the connection
rod can be adjusted laterally while having two joints, only the width between the
telescopic arms should be the limiting factor. This width is what the battery is allowed to
“wiggle” in between, so a compromise should be done to find the optimal conditions. In
terms of this, I see no major problems in getting this concept to work satisfactorily on
moderately uneven surfaces.
The height of the concept is shown in Figure 5.4, the battery changer should be able to do
a lift with less than 3.5 meter (assuming it is on wheels with a certain ground clearance)
in ceiling height. Keep in mind that this concept is based on the smallest battery that is
used today. Consequently, the construction will need to be scaled up if the other batteries
are significantly larger, but as this solution circumvent the dilemma with the required
ceiling height of the crane, this concept will probably still be beneficial to today's solution.
The sense of robustness is a more subjective point and the valuation lies a lot in the eyes
of the viewer, but if you break it down, you might find something more objective that
supports this. The concept itself does not affect the design of the machine significantly,
the whole idea is to keep all moving parts and technical solutions external from the mining
vehicle. This is because these vehicles are in a very harsh environment and are handled
very carelessly sometimes. One might imagine that a battery changer platform, stationary
or mounted on a vehicle, runs less risk of being damaged, as the time it is exposed to
shocks, water and dirt is drastically reduced. In this regard, it can be said that the solution
is robust, if the solution looks robust, lies as said before in the eyes of the viewer. The
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concept contains a lot of hydraulics, cylinders, motors and sensors that need to interact
with a good software to work satisfactorily.
This is probably the concept's biggest Achilles heel because there are many components
that must work well together, but it is probably also here that the great opportunity for
success lies, as it is possible to fine-tune and trim everything to achieve an effective and
solid solution. It is likely that there will take a lot of time before achieving a satisfactory
result, with the goal being that the change in the future can be completely autonomous,
which puts pressure on software, mechanics and hydraulics to interact with each other.
This is important to see this as an obstacle to be overcome rather than an impossibility.
How fast the battery can be replaced with this concept is still theoretical assumptions,
what can be said is that it will probably go faster than today's solution. It should be
remembered, however, that if a good method of positioning the machines is not obtained,
this concept will also have difficulties even though it is more forgiving than today's
solution. The concept is based on the fact that the mining vehicle is positioned against the
platform or vice versa, which, without any means, will probably be problematic. If this
can be solved in a good way, the concept should be considered as time-efficient. The
replacement of batteries should theoretically not take more than a minute and half (a
simple simulation has been done in Creo where the battery is lifted out of the vehicle in
about 30 seconds).
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7 Discussion
If the concept work as intended, it will probably be perceived as smooth and user-friendly.
One major advantage of the solution is that it can be mounted on a dedicated vehicle,
which saves costs in the mines infrastructure, since the charging station does not need to
move whenever the mine expands or changes level. In this way, the mining vehicle does
not need to waste time for unnecessary transports to replace the battery. If service needs
to be done on the battery changer, this does not affect a vehicle that is running in
production, but the service and maintenance can be done between the switches. If the
mine has two battery changers (or more), it creates a redundancy for whenever the
changers become stationary. However, the mine needs to be able to plan and handle a
battery switching schedule with time and places to allow the battery carrier to supply a
number of vehicles with new batteries continuously without any long downtimes. This
may also be something Epiroc can provide as a service included in the package when
purchasing a battery vehicle, this partly creates a complete solution but also raises a need
for the customer as it is likely to pay for if it works well. For example, real-time
monitoring that dynamically plans the battery replacement depending on the status of the
vehicles could be used.
Of course, it would be easy if every mining vehicle could replace its own battery, but
again, this would mean heavier and more technically complicated machines, which could
reduce the robustness of the machines while also becoming heavier. If the machine
becomes heavier, the powertrain has to be modified to maintain the vehicle’s acceleration
and speed, and then several other components need to be modified on the machine as a
result.
Assuming from the analysis and discussion above, one might argue that the concept is
still in an early stage and needs further development before proceeding, but it definitely
has potential. One might also want to look a little more at the hook lift solution if Epiroc
don’t want to produce or sell a stand-alone solution for replacing batteries, customers may
not be willing to pay for another product and want an integrated solution. But if one can
emphasize all the benefits of the chosen concept, this should not be a problem.
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8 Conclusion
A general concept has been presented in section 5, which theoretically should work for
most of Epiroc's different machines. However, this can’t be guaranteed if the batteries
shape changes dramatically in the future.
According to the theoretical analysis made in section 6, it can be argued that the goal of
a shorter battery replacement time has been achieved. To some extent, even the ease of
use, however, a proper mock up should be made where the concept can be physically
tested and evaluated.
In the appendices there are drawings where the final concept is presented in its final form
and the intended function is explained. Sub-assemblies are also produced in order to
increase the understanding of the different parts within the concept.

8.1 Recommendations for developing the concept
As the concept is not yet fully complete, there are a number of things that can be
investigated and further developed, some suggestions are:
•

•

•

•

•

•

•
•

The lift eye that is placed on the cylinder between the two telescopic arms should
be able to move laterally, at least between 300-500 mm. This requires a solution
that can handle weights of up to about 5 metric tons.
One needs to find hydraulic rotary motors that can handle the required torque that
occurs at full load and with the arms fully extended, these engines may become
disproportionately large against the concept.
The telescopic arms or the platform must be modified slightly so that it is
physically possible to lower the battery into the lower part of the battery carrier
platform. For example, one can make the components of the telescopic arms
shorter but instead add more telescopic parts so they can be retracted further. Or
simply extend the platform and move the lowered battery area further from the
centre of the arms.
Develop the idea behind the twistlock solution, there are, as said before, automatic
ones that can be bought today. However, one needs to study more specifically
how they can be adapted to this application and how they can be integrated.
As the battery design looks like right now in this concept, the feet where the
twistlock locks into the battery, is level with the battery’s bottom. When placing
the battery on soft surfaces (stone dust, gravel and water) can cause these lock
holes to clog. It would maybe be beneficial to get feet extruded from the battery
bottom leaving the lock holes protected from dirt. This also enables lifts and
transportation with forklifts.
Make a solution for how to switch the power on and off and automatically connect
and disconnect the power cables when switching the battery, the goal is that
everything can be done autonomously in the future.
Examine how to position the mining vehicle versus the battery change platform
effectively within the tolerances of the concept.
A proper calculation of manufacturing costs and possibly a market research for
the concept may be needed.
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8.2 Ideas for today’s solution
Unfortunately, the short project time didn’t really make it possible to focus on positioning
aid, but some of the proposals presented may be applied to the existing solution. Neither
major modifications nor capital are required to implement them and they would probably
make the battery changes significantly easier.
Also, if the operators could be able to use the emergency steering when the battery is
disconnected via manual hydraulic valves. The vehicle could be "wiggled" a bit while
lowering the charged battery into the machine, this would maybe reduce the risk of the
battery jamming on the way down.
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Appendix
Appendix 1 – Drawing: Concept_3A
Appendix 2 – Drawing: Liftingdevice_3A
Appendix 3 – Drawing: Battery_platfrom
Appendix 4 – Drawing: Battery_guiding_3A
Appendix 5 – Drawing: Battery_3A
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