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Abstract  

This is a project performed by me, Richard Præsto, student at Luleå University of 
Technology, with the intentions to suggest an improvement for the maintenance 
system of Volvo Construction Equipment’s articulated haulers. Today, the 
maintenance process consists of several different maintenance points and is 
performed by maintenance technicians all over the world – but since the machines 
need to be taken out of production in order to receive maintenance, the process 
needs to be quick. By researching documents, performing field studies and testing 
new ideas, several different solutions were found and evaluated, to eventually be 
filtered down to one final concept. The final concept, which suggested an 
improvement of the engine oil and engine filter exchange processes, lived up to the 
expectations by fulfilling the project goals and objectives. It was concluded that the 
solution was a clear improvement and that it was also applicable to the whole range 
of the VCE machines. 
 
 
KEYWORDS: articulated hauler, maintenance, maintainability, accessibility, 
usability, product design 

Sammanfattning 

Det här är ett project utfört av mig, Richard Præsto, student på Luleå Tekniska 
Universitet, med avsikten att föreslå en förbättring av Volvo Construction 
Equipments underhållssystem för deras ramstyrda dumprar. Idag består 
underhållsprocessen av flera olika underhållspunkter och utförs av 
underhållstekniker runt om i världen – men eftersom att maskinerna måste tar ur 
produktion för att kunna motta underhåll måste processen vara snabb. Genom att 
studera dokument, utföra fältstudier och testa nya idéer, togs flera olika lösningar 
fram. Dessa lösningar utvärderades för att slutligen filtreras ned till ett slutgiltigt 
koncept. Konceptet, som föreslog en förbättring av motorolje- och 
motoroljefilterbytet, levde upp till förväntningarna genom att uppfylla de projektmål 
som satts upp. Slutsatsen blev att lösningen var en klar förbättring som även var 
applicerbar på VCEs samtliga maskiner. 
 
NYCKELORD: ramstyrd dumper, underhåll, tillgänglighet, användbarhet, 
produktdesign 
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1  Introduction  
Volvo Construction Equipment (VCE) has ever since the mid 60’s produced what 
they state as the most successful transport machine for rough terrain and heavy 
loading on the market – the articulated hauler. These machines load and transport 
everything from diamonds and ore to leftover materials and splinters by various 
clients all over the world. 
 
Now, as one can imagine, a machine exposed to this kind of heavy labour requires 
maintenance. The maintenance process of a hauler contains several different 
maintenance points, such as various oil exchanges, filter exchanges and lubrication. 
These maintenance processes have been performed for many years and VCE have 
received positive feedback for their maintainability – but since the machines need to 
be taken out of production in order to receive maintenance, the process needs to be 
quick. A closer look at the maintenance process, the design of the hauler and the 
layout of the maintenance points could therefore help understanding what could be 
done to improve the over-all maintenance experience. 
 
The focus of this report is to show the possibility of improving the current 
maintenance system of Volvo Construction Equipment’s articulated haulers, and by 
doing so reduce maintenance process time and increase operating ergonomics and 
safety. 
 
1.1  STAKEHOLDERS 
This project mainly affects the VCE customers, users and the maintenance 
technicians of the articulated haulers from different companies all over the world. 
The project client is VCE in Braås. 
 
1.2  PURPOSE, OBJECTIVES AND AIMS 
The purpose of this project is to find and define a maintenance system for the next 
generations of VCE’s articulated haulers that optimises the efficiency of the 
maintenance process. 
 
Project aims 
The aims of this project are to within 20 weeks deliver a conceptual solution of a 
maintenance system for VCE’s upcoming generations of haulers that… 
 
 … also is applicable to the whole range of VCE articulated haulers 
 … contains unique selling points (USP’s) 
 … has intuitive and safe maintenance access 
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Objectives 
The following objectives are set out to be accomplished: 
 
 Improved maintenance analysis result (SAE) 
 Decreased maintenance process time (%) 
 Ergonomically improved maintenance process (REBA) 
 Calculation of product cost impact (product cost-estimate) 

 
1.3  PROJECT SCOPE  
This project is a 20 week project, corresponding to 30 ECTS1 credits. Due to the 
time limitation, the final outcome will be a conceptual solution of a maintenance 
system and therefore not contain any complex details, such as detailed technicalities 
and specifications, of the concerned maintenance point parts. The project scope is 
limited to the maintenance system and will not focus on how to improve the 
procedures and abilities of reparations. The final concept will also be designed 
mainly to fit the VCE haulers and not necessarily regard other Volvo equipment. It 
will not be required to fit the current, or the very next, generation of haulers – 
instead the possibility of designing a concept suitable for a future generation will be 
permitted. 
 
The time and resource limitation also forces all field studies and other practical 
studies to be carried out in Sweden only. The literature research is on the other 
hand not limited to information regarding hauler maintenance in Sweden, but may 
deal with maintenance all over the world. Though, laws, ethics and other regulations 
differ extensively between countries regarding work environments and –conditions. 
To simplify, and since the machines are designed and constructed in Sweden, only 
Swedish regulations will therefore be used as the standard in this project. 
 
Since VCE’s construction equipment is used in a wide range of different 
environments, customers are offered optional equipment to adapt the machines to 
their specific use. This project will not take any optional equipment into 
consideration, thus solely focus on the haulers with the default equipment.  
 
Maintenance can be divided into several different categories, but this study only 
focuses on the category called preventive maintenance, which consists of planned and 
predetermined maintenance operations performed mainly by a maintenance 
technician, following a maintenance programme, which is further discussed in this 
report. The other types of maintenance will not be researched in this project. 
 
Lastly, in chapter 4.4.2, some ergonomic evaluation methods are discussed, and it is 
mentioned that the methods themselves would not be exercised. This was due to the 
main focus areas of this project: this is not a research project on ergonomics, so to 
exercise the ergonomic evaluation methods was considered to be redundant. Instead, 
using their templates as a reference or a guidance to achieve some comprehension of 

                                                      
 
1 European Credit Transfer and Accumulation System 

https://en.wikipedia.org/wiki/European_Credit_Transfer_and_Accumulation_System
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which postures were ergonomic, and which ones were not, was considered to be 
sufficient.  
 
1.4  THESIS OUTLINE 
 
Chapter 1 – Introduction to the project and its background. 
Chapter 2 – Describes the background research and the current situation regarding 
the maintenance systems of the VCE haulers and the competition. 
Chapter 3 – Contains laws and regulations, and design theory related to the project. 
Chapter 4 – Explains how, why and with what methods the project was performed. 
Chapter 5 – Presents both the results from the different phases and the final result. 
Chapter 6 – Discusses the results and the method, and reflects on the project. 
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2 Context  
The focus of this chapter is to describe the users, environments, processes, 
competition and current state of the maintenance system of the VCE haulers. The 
information in this chapter is mainly a summary of my interpretation of the 
information, gathered in discussions, observations and meetings with the VCE 
employees and the maintenance technicians. Specific data such as statistics and 
crucial claims are referenced separately. 
 
2.1  CURRENT STATE 
There are a lot of different hauler models and the first model ever made (YR 1966) 
was the DR 631, see figure 1, which could carry a maximum load of ten tonnes 
(www.volvoce.com). Today, VCE’s largest model, A60H, can carry up to 55 tonnes 
and is so far the largest articulated hauler ever built (www.volvoce.com). 
 

 
Figure 1 - an A60H hauler (left) next to a DR 631 (right). 
 
To provide better understanding of the circumstances of this project, the following 
section contains a brief and somewhat simplified description of what lead to the 
current project. 

2.1.1 The startpoint 

VCE design and build the machines, and when they are fully assembled and tested 
they are distributed to dealers, who in their turn sell the machines to customers. 
When the machines are being sold, the customers are offered to include a 
maintenance contract with their purchase. This usually means that the dealers 
accommodate maintenance technicians (MTechs) to maintain the machines 
according to the contract. 
 
There are many different factors that can play a role when a customer chooses which 
machine to invest in. The customers might prioritise quality, safety, total cost of 
ownership, productivity/performance or something else. This usually depends on 
what type of work the machines are meant to perform and therefore the 
maintenance contracts differ. For example, a customer who needs the machine to 
haul ore on a mining site, a production machine, and profits from high productivity 

http://www.volvoce.com/
http://www.volvoce.com/
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will most likely prioritise a machine that has low downtime, time passed during an 
unplanned stoppage, i.e. a machine that works as flawlessly as possible. Though, to 
prevent these unplanned stoppages, the machine needs attendance, it needs 
maintenance. In order for the productivity to stay high it follows that the 
maintenance processes can neither be too long, nor happen too frequently. 
 
Now, all customers do not prioritise productivity. There are machines purchased for 
non-profit service purposes, such as municipal construction and other types of 
construction, where the material has a low or no profitable value and the time 
pressure is controlled by maintenance contracts. There are also sites where some 
machines are higher prioritised than others. For example, at sites where there are 
several haulers but only one or two excavators, the customer are more dependant on 
the excavators to work properly: if the excavators stop the whole production stops. 
Never the less, VCE machines are estimated to keep a 94% productivity rate the first 
year after the purchase, if the contract is followed accordingly2. 
 
Since the maintenance processes are performed by MTechs, VCE and the customers 
are dependent on their availability. According to the global product manager of 
reparations and maintenance of the customer solution department at VCE, there’s 
an obvious lack of MTechs within the hauler industry; the dealers have to limit their 
number of customers based on how many machines they have time for, since the 
MTechs are constantly fully booked3. 
 
Today, VCE state that they have dealers and customers all over the world4. This 
means, as mentioned earlier, that the circumstances for the MTechs are not always 
the same. On the contrary, the environments, access to resources in terms of 
infrastructure and manpower, maintenance contract agreements, etc. differ 
extensively, and are difficult to generalise. Therefore, in VCE’s view (Volvo n.d.), the 
machines have to be designed to be adaptable to as many environments as possible 
and still remain safe, productive and environmental friendly. It follows that the 
maintenance system too must adapt to these factors. Improving the maintenance 
process by making it both more time efficient and less costly should therefore be 
important for the future of VCE. These different aspects are the reasons for 
implementing the current project. 
 
2.2       MAINTENANCE 
As mentioned previously, the focus in this project is on the preventive maintenance 
processes. This section describes the preventive maintenance process, both as 
described by the personnel and the MTechs, and as described in research. 

2.2.1 Maintenance programme 

To ensure that the machines work properly and get the longest lifetime possible, 
VCE has developed a maintenance programme, see appendix 1. This programme 
gives recommendations on which parts of the machine that should be maintained 

                                                      
 
2 T. Hokkanen, test engineer, personal communication, december 16, 2016 
3 A. Larsson, personal communication, dececmber 7, 2016 
4 https://www.volvoce.com/global/en/this-is-volvo-ce/ 
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when and how. The programme is designed for the MTechs to detect and prevent 
premature failure in the system, and it contains all the different maintenance points 
(MP’s) divided into different maintenance intervals for the MTech to use as a 
checklist5.  
 
Now, the maintenance programme is not developed through mere guessings; VCE 
have carefully calculated how often each part of the machine needs to be controlled 
and maintained in order to prevent unwanted incidents. The maintenance 
programme for one of VCE’s latest models, A60H for example, is divided into seven 
main intervals: 10h, 50h, 250h, 500h, 1000h, 2000h and 4000h, see appendix 1. 
These interval classifications suggest how often the machine needs to be maintained. 
For example, after each 50 hour of active work, the machine needs to go through the 
maintenance operations specified for the 50h-interval. 
 

 
Figure 2 - a print from the VCE operator's handbook. The figure shows the lubrication nipples with 
specified intervals. 
 
The 10h-interval is also known as daily maintenance and consists of routine checks 
and lubrications, which does not require an MTech and is commonly performed by 
the operator of the machine6. A chart with these MP’s is printed in the operator’s 
manual, showing the location and interval of the lubrication points of the hauler, 
see figure 2. There are also a number of operations without a specified interval, as 
shown in figure 3, that are recommended to be performed only if the circumstances 
require so. 
 

                                                      
 
5 MTech at Swecon, personal communication, November 11, 2016 
6 J. Alvarez, maintenance engineer, personal communication, November 18, 2016 
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Figure 3 – shows the number of separate maintenance operations of each maintenance interval. 
The diagram was accessed at the VCE database. The operations with unspecified intervals are 
located to the far right of the diagram 
 
According to an internal document on durability targets for articulated haulers, the 
economic machine service lifespan of the VCE haulers reaches between 12000 to 
36000 hours (approximately 6-18 years) of active work, depending on the model7. As 
with any other machine, the lifespan also depends on environmental factors, work 
load and stress, work frequency (uptime), and how well the customers choose to take 
care of them.  

2.2.2 The maintenance points 

An MP is in this report defined as the maintenance operation required at a specified 
physical location on the machine. To clarify: changing an engine-oil filter in the 
front of the hauler, for example, is an MP, not the filter itself. 
 
Today, there are around 90 MP’s on the VCE haulers according to the maintenance 
programme; the amount differs between the different models and whether similar 
MP’s are grouped and counted as one or several. The MP’s consists of quality checks, 
lubrications, filter replacements, oil changes, cleanings, drainings, adjustments and 
system checks. Figure 4 shows the distribution of all the MP’s of the maintenance 
programme, grouped according to their operation similarities. Bear in mind that this 
diagram does not show the time distribution of the operations. 
 

                                                      
 
7 VCE, Durability Target Articulated Haulers document, 2015 
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Figure 4 - MP distribution, derived from the maintenance programme and the operator’s manual 

 
All the MP’s of the VCE haulers can be found in the maintenance programme, 
appendix 1, described in the previous section.  

2.2.3 The maintenance process 

Today the maintenance process is difficult to generalise; the process consists of many 
different operations on many different parts of the hauler and they are performed by 
different MTechs all over the world with different circumstances. A few examples of 
these circumstances are the environment, the time of the day and the access to tools 
and manpower8. 
 
To provide some understanding, the following section contains an example of how a 
maintenance process can be carried out, based on the experiences gained from the 
field studies further described in upcoming sections: 
 
Before the maintenance process starts, the hauler is positioned somewhere at the 
construction site or in a workshop. The MTech arrives at the site with a setup of 
tools in a van with a trailer carrying tools, new oils and filters. The MTech may start 
with different things each time, mainly based on the maintenance interval and the 
model. Changing oil usually takes the longest time to perform, so the MTech starts 
by draining or pumping out the oils first. While the oil tanks are being emptied, the 
MTech continues on with other MP’s, such as filter changes and control checks. 
Some MP’s, such as hydraulic oil filter change, hydraulic oil re-fill and cabin filter 
change, require the MTech to mount the machine in order to perform the 
maintenance operation. For coolant re-fill, engine oil re-fill, adjusting the engine 
valves and other MP’s, the MTech needs to raise the hood and operate in the engine 
compartment. The compartment is accessed via the stairs integrated with the front 

                                                      
 
8 J. Alvarez, maintenance engineer, personal communication, December 7, 2016 
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grill, see figure 5. Some MP’s, consisting of drainings, various quality checks and 
cleanings are performed at groundlevel, either from the side or underneath the 
hauler. The parking brake function checks and the drive test require the engine to 
be running – these checks are advantageously performed at the beginning or at the 
end of the maintenance process according to the MTechs interviewed at the field 
studies. This is to avoid the need to start and stop the engine more than what is 
necessary. 
 
When the maintenance process is completed, the MTech positions the machine at 
an agreed location at the site and goes through the maintenance programme 
checklist to make sure no MP’s were forgotten. Comments about the status of the 
machine are alternatively added to the checklist, which is thereafter copied and sent 
to the owner of the machine and the dealer.  

 
Figure 5 - an A60H hauler with raised hood. A stair is integrated with the front grill. 

 
The tools used during a maintenance process vary, depending on the maintenance 
interval, since the MP’s in each interval are different. Nevertheless, there are many 
tools involved, and together with the filters, oil containers, oil pumps and other 
parts they are experienced as heavy. Thus, in order to transport them all, there is a 
need for a car or a van with a trailer9. 
 
To empty oil from the hauler, the MTech can either pump it, using an electrical or 
an air-lift pump, see figure 6, or drain it out by opening the draining plugs of each 
container, see figure 7. To refill the container they can either pour or pump the new 
oils in. The pump conveniently speeds up the maintenance process, since some of 
the major time-consuming operations are the oil exchanges10. Also, the pumps are 
usually expensive and require electrical power or air compressors, which are not 
always available at the sites11. 
  

                                                      
 
9 MTech at Swecon, personal communication, November 11, 2016 
10 Document containing calculations on operating time, accessed at the VCE database, 2016 
11 J. Alvarez, maintenance engineer, personal communication, November 2, 2016 
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To obtain some knowledge about the hauler market as it is today, and to understand 
how competitive manufacturers design their MP’s and maintenance operations, a 
benchmarking study had to be done. The next section describes this further. 
 
2.3  BENCHMARKING 
VCE is a leading company within the hauler industry, but they are not the only 
ones. Others, such as Caterpillar Inc., Deere & Company, Bell Equipment, Hitachi, 
Komatsu Limited and Doosan Group also manufacture haulers and make up a 
significant part of the market. In order to easily spot the characteristics of the VCE 
haulers, the haulers of the competitive manufacturers were studied before the VCE 
haulers. The following section describes the similarities and differences, found in the 
benchmarking study, between haulers from the manufacturers Bell, Caterpillar, 
Komatsu and Deere. 
 
One similarity between most of the competitive manufacturers was that some of the 
MP’s, under the hood in the engine compartment, required the MTech to mount 
the machine to be able to perform the maintenance operations. The process had to 
be done from a platform, called a service platform or maintenance platform, designated 
for maintenance. What seemed most interesting, though, was the fact that they all 
seemed to put a lot of effort into promoting their maintainability; they explicitly 
explained how supposedly easy and comfortable it would be to perform maintenance 
processes on their machines. For example, most manufacturers seem to point out, in 
their brochures and product walkaround videos, the importance of keeping the MP’s 
grouped together, at groundlevel access, to minimise unnecessary movements and 
relocations during the process. In figure 8 below, the collected material from the 
competitive benchmarking study is shown if form of a poster.  

Figure 6 - An A35D during a maintenance 
process in Vambåsa. The small dark device at 
the bottom right corner is an electrical oil pump 
which was used to empty the engine oil of the 
hauler. 

Figure 7 - An A40F during a 
maintenance process in 
Älmhult. The engine oil 
was in this case drained 
without the use of an oil 
pump. 
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None of these manufacturers seems to have any extraordinary solutions in 
comparison to the others, but a few things stood out with some of the machines, 
such as swing-out components, grouped MP’s, maintenance free axles, and 
maintenance platforms. 

2.3.1 The Mule and SAE-analysis 

At the VCE factory in Braås, the employees are constantly working on new ideas to 
optimise the haulers. To test out the ideas they build prototypes and experiment on 
an out of use A35E which they have named the Mule. The Mule is still functional to 
some extent and the tools and other technology at the factory workshop enables 
working models and representational models to be built and tested on the machine. 
This machine was available for visits during the entire project. 
 
To evaluate and compare the efficiency of the maintenance processes of machines 
from different competitive companies, VCE use the user experienced based SAE-
analysis. This analysis was developed by System Application Enterprises, Inc., which 
is a company developing business solutions world-wide (www.saesystems.com). The 
SAE-analysis used at VCE estimates the level of difficulty for accessing and 
performing the different maintenance operations. Each operation is given a score 

Figure 8 – The competitive maintenance system benchmark poster 

http://www.saesystems.com/
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according to its estimated level of difficulty and then the scores are added together to 
give a final score. If an SAE-analysis is also performed on a machine from a 
competitive company, its final score can be used to compare the accessibility and 
operation difficulty with the VCE machines for future evaluation and development. 
How the SAE-analysis was used in this project is explained later in this report. 
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3 Theoretical framework 
In this chapter, the theory supporting thoughts, claims and decision-makings 
throughout the project is presented. 
 
3.1  INDUSTRIAL DESIGN ENGINEERING 
A personal view of the area of Industrial design engineering (IDE) is that it can be 
associated with a bridge between the structural and rational world of mechanics, and 
the aesthetic and emotional world of art. It touches both physical and psychological 
factors, and is founded on the relation between them. According to the Industrial 
Design Society of America: 
 

“Industrial design is the professional services of creating products and 
systems that optimise function, value and appearance for the mutual 
benefit of user and manufacturer” (IDSA, n.d.)  

 
IDE consists of several areas of production, such as manufacturing, idea 
development, human-machine interaction, computer-based design, cognitive design 
and more. All which are focused on optimising its efficiency to provide benefits to 
society. 
 
3.2        LAWS & REGULATIONS 
When it comes to laws and regulations for maintenance of construction equipment 
in Sweden, there are just a few, none of which specifically mentions haulers. These 
are regulations for general work- and construction equipment and are mentioned in 
the provisions issued by the Swedish Work Environment Authority (SWEA) and 
some in the ISO standards. SWEA state that  
 

“an item of work equipment which is subject to wear and tear, ageing or 
is exposed to some other negative influence which can lead to dangerous 
situations shall undergo regular inspections” (SWEA, 2006, p. 9), 

 
which indicates that maintenance is crucial for articulated haulers. The ISO 
standards only mention measurements of platforms for routine MP’s, and locations 
of handrails (ISO, 2011, p. 11), but this can be important to take into consideration 
when deciding the placement of the MP’s, since the MTechs and the hauler 
operators are limited by these factors. Also, according to ISO (2011), maintenance 
activities in squatting or bending positions specifically require increased 
measurements of the platform, which indicates that the risk of falling in these 
positions is greater. This information is also useful when designing the final concept. 
 
SWEA are more detailed on work load ergonomics than on construction 
equipment. They state that it is important to be careful when stressing the joints 
often and during long periods of time in rotated, stretched or heavily bent postures 
(SWEA, 2012, p. 19). The REBA template, further explained in chapter 4.4.2, also 
brings this up and gives examples of what working positions are ergonomically 
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harmful, see figure 9. Since the MTechs operate in several different standing, 
squatting and lying postures during the maintenance process they risk getting strain 
injuries (SWEA, 2012, p. 23). SWEA (2012) also mentions that work in crawling 
spaces causes non-ergonomic and laborious operating postures. Therefore the 
placement of the final solution, and its maintenance process, should be designed to 
minimise the need for these operating postures to achieve better ergonomics. 
 

 
 
 
 
 
 
 

 
 
 

 
Both SWEA (2012) and ISO (2000) mention repetitive work, and over- and under 
load, and recommend it to be alternated with other tasks or to be avoided 
completely. According to ISO (2000), over- and under load is 
 

“the frequency and intensity of visual, cognitive and motoric operator 
activities” (ISO, 2000, p. 17) 

 
From this, it can be deduced that the tasks performed by the MTechs should 
preferably be relatively easy to understand, not require heavy unaided operations, 
nor take place in dark or dim environments. In cases where these recommendations 
cannot be met, support should be provided to the operating personnel: tools for 
heavy/repetitive operations and lights for operations in dark 
environments/compartments (SWEA, 2012). Just like the REBA template, SWEA 
also provides several different examples of harmful postures, and recommendations 
on which ones are not, see figure 10. 

 
  

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 9 - A section from the REBA template. Here it can be seen that 
bending and twisting the back during work can be harmful, indicated 
by the different scores 

Figure 10 - using force during manual 
handling can be harmful over time, 
according to SWEA (2012) 
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Additionally, during the maintenance process the MTechs also handle different oils, 
and are to some extent exposed to combustion gases, dust and debris. Though, 
regarding health hazards, SWEA state that it is up to the employers, which in this 
case are the owners of the machines, to conduct a risk assessment (SWEA, 2014, 
p.8) regarding this. Since the customers are dependent on these regulations, it 
follows that VCE too are dependent and have to adapt their machines accordingly. 
For example, in 2011, a new environmental requirement was imposed in several 
countries including Europe and USA, and VCE had to install a diesel particulate 
filter on each new model12 to fulfil this requirement.  
 
3.3  USABILITY  
As described in chapter 2, the quicker the maintenance processes are, the higher the 
productivity rates can be achieved. Although, decreasing the number of MP’s or 
automatising the maintenance process is not necessarily the only solution; if the 
process could be simplified by making the operations in any way easier to perform, it 
too could lead to higher productivity rates. That is why usability is a matter of interest 
in this project. 
 
According to ISO (2010), usability is  
 

“the extent to which a system, product or service can be used by specified 
users to achieve specified goals with effectiveness, efficiency and 
satisfaction in a specified context of use” (ISO, 2010, p. 3) where 
effectiveness is defined as the “accuracy and completeness with which 
users achieve specified goals” (p. 2) and efficiency as the “resources 
expended in relation to the accuracy and completeness with which users 
achieve goals” (p. 2).  

 
Nielsen (2012) mentions that usability can be divided into five different 
subcategories: 1) efficiency, 2) learnability, 3) memorability, 4) errors, and 5) 
satisfaction. By this definition, improved usability also implies improved efficiency, 
and improving the usability of the maintenance process could therefore make it 
more efficient. 
 
ISO (2010) also include the statements that the meaning of usability is commonly 
incorrectly interpreted solely as to make products easy to use, and considers factors 
such as job satisfaction and personal user experience as a part of it. In this project 
both the operating ergonomics and the safety of the maintenance process were 
measured objectively, so the full meaning of the term usability was not used during 
the evaluation. Though, personal user experience and job satisfaction were indeed 
considered during the background research in order to identify the safety- and 
ergonomic issues. In this project, the usability improvements were evaluated using 
the SAE-analysis, described in the previous chapter. 
 

                                                      
 
12 J. Rundqvist, leader on laws & regulations, personal communication, Jan 31, 2017 



 19 

4 Method and Implementation 
The following sections in this chapter contain an outline of the project 
implementations. At the project start, a Gantt chart was made, which is a way of 
displaying activities or tasks against time (Gantt, n.d.), see appendix 2. This was used 
as a guideline throughout the project to keep track of which tasks should be made, 
and when. The project was divided into six main phases: 1) research & preparations, 
2) ideation & evaluation, 3) further evaluation & implementation, 4) calculations & 
adjustments, 5) continuous documentation & hand-ins, and 6) presentations.  
 
4.1 THE METHOD 
The method used in this project is based on a stage-gate model. This means that the 
innovation process was divided into a predetermined set of stages, and that the 
continuation of the project is determined at the end of each stage (Cooper, 1990; 
Cambridge Dictionary, 2017). I have used this method in similar innovation projects 
and was chosen because it seemed to fit this project as well. The project plan that 
was made was updated and adapted according to the information gained throughout 
the project and was hence not strictly following the initial outline. Instead, the 
project plan was followed as a guideline, which was mainly based on experiences 
from previous projects. Like in most other project models, each phase could be seen 
as a preparation for the upcoming phase(s). The preparations in this project were not 
designed to fit a specific continuation, but to enable any, or several, continuation(s). 
According to Cooper (1990), this is typical for a stage-gate system/model, and he 
states that a stage “might entail a list of mandatory or optional activities” (p. 46). 
Whenever a phase was finished, the progress was re-reviewed in order to decide how 
to best proceed. Based on my own experiences, the preparations with the project 
plan, the feedback gained from supervisors at VCE and from LTU, and the 
information explored during the process were essential for this project to succeed. 
Lacking either experience or information could have brought the project to a 
stoppage.  
 
Initially, a method for each stage was primarily chosen based on praxis. At each 
stage, the information gathered from the research throughout the project was 
reviewed. This was to observe the current state of the project and to see if the project 
plan was followed accordingly. These planned stoppages allowed possible changes to 
be made in the project plan in order to optimise the continuation and the project’s 
course. Figure 11 is an illustration of the method used in this project. 
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4.2 RESEARCH & PREPARATIONS 
The first phase was mainly to gather as much relevant information as possible to 
help the project to start. The information was also used to obtain a smooth work-
flow and to prevent misunderstandings, hence decreasing the risk of obstacles. 

4.2.1 A fundamental understanding 

At the project start, I came to the conclusion that a large amount of information, 
such as hauler history, component names and functions, maintenance points, etc., 
had to be identified, collected and studied. By taking mistakes, set-backs and 
successes from my own previous projects13 into consideration, I could easier decide 
what to research. In cooperation with the project supervisor, it was decided that the 
initial research would consist of the following: 
 
                                                      
 
13 Projects I have worked on during my studies at LTU 

Figure 11 - a layout of the project method. Information is gathered from 
preparation and research, and the method for each phase is then chosen primarily 
through praxis, based on the status of the project. New information then helps 
adapting the decisions to the operations of each phase. 
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 a list over the contacts from different departments at VCE 
 an illustrated layout of the hauler with all the MP’s highlighted 
 development of a field-related vocabulary 
 development of a benchmark poster 

 
The list of contact people was created with help from the project supervisor and 
other VCE employees to support communication and synchronisation throughout 
the project. This way, whenever a problem arose, each question could be addressed 
directly to the contact specialised on the issue. As mentioned previously, it enabled a 
smooth work-flow and prevented misunderstandings. The list contained names, 
phone numbers, e-mail addresses and department specifications. 
 

 
Figure 12 - The MP layout 
 
The MP layout was created using the operator’s manual of an A25G/A30G hauler 
and help from a maintenance engineer. The layout was designed to get an overview 
of all the MP’s and their placements around the hauler. It was meant to be used as a 
reference during discussions about the different MP’s and to make it easier to 
understand and interpret information related to the MP’s. A wireframe top-view of a 
CAD-model was printed out and attached to a board for easy access, see figure 10. 
To distinguish which MP’s are accessed from underneath the machine, and which 
ones are accessed on top and on the sides, each MP was highlighted with a coloured 
pin head, as seen in figure 11. The layout was also used to highlight the heavier 
touch points, i.e. the MP’s that required relatively long maintenance time and/or 
large amount of labour. This was done to help the upcoming idea generation 
process, see upcoming sections. 
 

Figure 13 - A section from the MP 
layout. The orange pinheads 
indicate that the MP's are accessed 
from underneath the hauler, whilst 
the blue ones indicate access from 
the sides or on top of the hauler. 
The orange pointers highlight the 
heavier touch points. 
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The convenient access to the layout of all the MP’s also made it easier to locate the 
MP’s in the hauler CAD-model hauler later in the project. The CAD-model made it 
possible to study the components from different angles by tilting the model and by 
removing/hiding blocking parts. 

4.2.2 Benchmarking 

The information for the benchmarking was found and gathered mainly from 
brochures, images, video clips and documents on the internet, and various files 
accessed at VCE’s database. The focus was aimed specifically at maintainability 
solutions of machines developed by rivalling manufacturers, specifically 
maintainability improvements throughout the history, maintenance processes and 
maintenance USP’s. 
 
As mentioned later, in chapter 4.3.4, VCE use the so-called SAE-system to evaluate 
their maintenance processes. Therefore, in addition to the benchmark, access was 
granted by VCE to the analyses they have carried out in the past. These were 
reviewed in order to obtain more knowledge of the current maintenance system and 
how it compares to the systems of other manufacturers. The information was 
documented, studied, compared and then summarised in form of a poster, see figure 
8. This poster highlighted similarities and differences between the brands, and 
specific solutions within each brand. It was later printed out and attached to the 
board next to the MP layout to act as a trigger for new ideas throughout the project. 

4.2.3 MP walkthrough and workshop 

At this point, no visits had been made to the VCE haulers. Along with a 
maintenance engineer, an A60H hauler was therefore carefully studied for two days. 
Each MP from the maintenance programme was explained and tested, while 
thoughts and ideas around it were documented and discussed with the maintenance 
engineer. Different positions from the process were documented to be compared to 
the REBA analysis template (ch. 4.4.2) later in the project. The haulers were 
thereafter visited and studied several times in a similar fashion. 
 
As previously explained, VCE are constantly working on improving the 
maintainability of their haulers by trying out new concepts and ideas on, for 
example, the Mule. To get a better understanding of what type of solutions VCE had 
come up with so far, a workshop was attended where the concepts applied on the 
Mule was explained and tried out by the participants. The solutions were later used 
in the ideation process to spur new ideas. 
 
4.3 IDEATION & EVALUATION 
When the fundamental understanding was developed, the ideation process could 
begin. The ideation process was to some extent initiated at the very beginning of the 
project: as mentioned in chapter 4.2.1, all thoughts, queries and ideas were written 
down during the preparations in a document, which was examined in connection 
with the creative ideation processes, further described in this section. 
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4.3.1 Brainstorming 

In general, a brainstorming session is implemented to create a large amount of ideas 
on a particular subject or area (Johannesson, Persson & Pettersson, 2004). In the 
current project, it was decided that a variation of a brainstorming was considered 
useful. Although, there was only one participant, hence the advantage of triggering 
new ideas by sharing thoughts with other participants was lacking. 
 
During traditional brainstorming sessions, it is common for impractical or 
unrealistic ideas to appear, since critique to any of ideas is strictly forbidden 
(Johannesson et al, 2004; Harrison, 2011). The ideas are not necessarily thought out 
or documented beforehand, but in the current project the impractical/unrealistic 
ideas emerged partially during the first phase. This was because the thoughts-&-ideas 
document reviewed during the brainstorming session contained many thoughts and 
ideas from an early stage of the project. At that early stage the level of understanding 
was low, which caused some of the ideas to be technically ill founded, and some 
relatively unrealistic. Any technical critique was therefore, unconditionally, either 
absent or unreliable and was easily neglected. Reviewing the ideas of what in 
hindsight could be considered as an unaffected mind spurred new ideas, which 
facilitated the brainstorming process. The ideas were documented on post-it notes 
and then attached to larger papers. This kept all the notes ordered and collected, 
which made them easier to review later-on.  
 
In cooperation with the company supervisor, it was decided that the ideation phase 
should include the entire maintenance system, and not be limited to specific areas of 
the same. This was to obtain a wide range of ideas to evaluate, enabling both 
detailed solutions, general and possibly external solutions for the maintenance 
system to emerge during the ideation process. The ideas was later categorised and 
evaluated using a Pugh matrix. 

4.3.2 Pugh matrix 

In order to avoid favouring any of the ideas, and to see how well they satisfied the 
requirements, a more objective evaluating assessment was carried out in form of a 
Pugh matrix, see figure 12. This is a commonly used method used for decision-making 
where concepts are compared separately to a baseline (Decision-Making Confidence, 
2016; Lugo, 2012; Johannesson et al, 2004). Using this method, the ideas could be 
studied somewhat more objectively, compared to own judgements. Possible 
contradictions by any subjective evaluations could also be disregarded. 
 

 
Figure 14 - the Pugh matrix template used for the evaluation in this project 
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The ideas were evaluated against the following criteria:  
 
 cost – how much the idea would cost to implement 
 maintenance time – how the idea changes the maintenance time 
 ergonomics – how the idea affects the MTech ergonomically during the 

maintenance process 
 environment – how the environment is affected if the idea is applied 
 innovation – the idea’s appreciated level of new-thinking 
 accessibility – how the idea enables/obstructs access to the different MP’s 
 technology availability –to what extent the technology needed to apply the idea 

exists 
 USP – how much wow-effect the idea provides 
 applicability – how likely it is for the idea to be applied 
 safety – how much the idea improves/worsen the safety of the maintenance 

process 
 
These criteria derived from the list of requirements and the project aims, and each 
criterion was assigned a level of importance from 1 to 3. The level of importance was 
used to avoid fallible results, since some criteria do weigh heavier than others, within 
VCE14. 
 
Since the ideas generated in the previous phase were so different, the Pugh matrix 
was advantageously given a specific layout: by advice from the technical project 
manager 15 at VCE, the ideas were divided into the categories detail solutions and 
external solutions. This was to separate the ideas which integration would require a 
physical change of the machine, and the ideas that were separate from the machine. 
Also, to enable visualizing the differences within both groups, a three-point scale (-1 
to +1) was considered to be insufficient, hence a five-point scale (-2 to +2) was used. 
 
With support of the matrix, the ideas that did, and the ones that did not, satisfy the 
requirements could be identified respectively. This helped understanding the value 
of each idea and the impact of integrating them. The results produced in this phase 
were used in the next phase, explained in chapter 4.4. 

4.3.3 Field studies 

Even though the creative ideation session was completed, the ideation process did 
not stop. To be able to improve and evaluate the ideas further, new input was 
considered essential. Therefore, a municipal construction site in Älmhult was visited 
to observe a 5000h-interval maintenance process on an A40F performed by a 
certified Swecon MTech. This was done in order to obtain more feedback on the 
maintenance system as seen from the MTechs’, the users’, perspectives. With help of 
a maintenance engineer, a few questions connected to the current project issues were 
prepared for the MTechs to answer during the studies, see appendix 3. The different 
positions, operations as well as the MTech’s comments and statements regarding the 

                                                      
 
14 N. Lind, product system engineer, personal communication, December 3rd, 2016 
15 E. Petersson, technical project manager, personal communication, November 28th, 2016 



 25 

maintenance system were documented and used as data to support the evaluation 
process. 
 
The field study was considered useful and was therefore repeated, but at a different 
site with a different model, and with a different MTech. This time the 15000h-
interval maintenance process of an A35D in Vambåsa was studied. To clarify, both a 
5000h-and a 15000h-interval are equivalent to a 1000h-interval, which means that 
both MTechs performed the same type of maintenance operations during the field 
studies. 
 
The observations made at these field studies were used as a reference to the reality of 
actual maintenance processes, to make sure that the studies were not relying solely 
on the information gained from studies of the staged operations in the clean, 
sufficiently equipped and spacious VCE workshop in Braås. 
 
4.4 FURTHER EVALUATION & IMPLEMENTATION 
At this point the ideas had not yet been directly influenced by the VCE employees, 
meaning that the employees had not been involved in neither the idea generation 
process, nor the evaluation of the ideas. This was to avoid possible pre-existing work-
related ways of thinking and the risk of discouraging any unrealistic 
implementations in the process. The ideas were therefore described and explained to 
the project manager and supervisor after the first two phases had been completed. 
With this information they too performed an independent evaluation using a Pugh 
matrix to be compared with the first one. The Pugh matrixes were reviewed in a 
VCE employee group and evaluated anew. Comparing the matrixes to one another 
and discussing the results and differences made it possible to reach a consensus 
within the group regarding the evaluation.  
 
Different ways to combine and group the ideas were tested out and examined to 
check if the ideas could substitute, improve or complement each other. Eventually, 
three main groups were established, each consisting of several different ideas 
combined into one concept. 

4.4.1 Illustrations 

At this stage, the concepts had no detailed descriptions. As mentioned in the 
introduction, the description of the final solution would be on a conceptual level, 
which means that the solution would not necessarily contain all technical 
explanations of how it would work, but rather describe what the solution is, and 
how it will improve the maintenance system of the machine. Though, in order to 
evaluate and develop the concepts further, some sort of illustration or realisation of 
the solutions was considered to be necessary. Since the rough, objective filtering was 
already completed, the concepts could now be studied at a more detailed level. It was 
decided that the ideas first should be visualised in form of detailed computer-made 
illustrations, since these kinds of illustrations are relatively easy to generate and to 
modify. 
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The illustrations were made using Adobe Illustrator, Adobe Photoshop and 
photographies of a miniature A40G hauler, see figure 13. A base sketch of the 
miniature hauler was first made, see figure 14, meaning it did not contain any details 
from any of the concepts. The concepts were then illustrated separately and attached 
to the base illustrations to enable repositioning, resizing and other kind of 
explorations. In this way the ideas could, supported by feedback from VCE 
employees, easily be adjusted and optimised, e.g. to fulfil the list of requirements. 

4.4.2 Evaluating ergonomics 

To evaluate the ergonomic improvements of the concept, a rapid entire body 
assessment (REBA) analysis template was used. The REBA template is based on the 
rapid upper limb assessment (RULA) body part diagrams (Hignett & McAtamney, 
2000; Middlesworth, 2016). According to Highnett & McAtamney (2000), REBA is 
a method used to appreciate the level of stress and labour the body is subjected to in 
different working positions from an ergonomic perspective. In order to improve the 
ergonomics of the maintenance process, the different postures had to be observed. 
Though, in this project, REBA itself was not used. Instead the REBA template, see 
appendix 4, was used as a reference to confirm which operating positions could be 
ergonomically harmful during a maintenance process. For the same reasons, a load 
ergonomics checklist (SWEA, 2012) was used as a in the same way as a complement 
to the REBA template, confirming what operations might cause physical harm to the 
MTech. 
 
The operating postures were documented during the field studies and the 
observations made during the hauler study at the VCE factory were compared with 
the REBA template and the SWEA checklist. The results were documented and used 
to influence further modifications of the concepts as an attempt to optimise the 
ergonomics. 
  

Figure 15 - The miniature hauler Figure 16 - The base sketch of the 
miniature hauler made with Adobe 
Illustrator 
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4.4.3 Choice of final concept 

Through further discussions with the VCE employees and rearrangements of the 
details in the illustrations, the three concepts were, subsequently, slightly modified 
and combined in various ways to check which combinations were possible in order 
to arrive at one single concept. All suggestions were checked against the list of 
requirements and the project objectives in order to help the decision-making.  
 
The three concepts did not seem to necessarily exclude one another, so parts from 
each concept could therefore be put together into one concept without any physical 
or technical constraints. This eventually led to a draft of the final concept, which 
regarded the engine oil- and filter exchanges; this idea seemed to fulfil the criteria 
the best out of all suggestions. 
 
Additionally, according to calculations made by the service & engineering 
department at VCE, the engine filter- and oil exchanges are the most expensive MP’s 
of the entire maintenance process of a G-model16. This was thus considered as a 
critical argument for the decision-making. 
 
4.5 CALCULATIONS & ADJUSTMENTS 
To make sure that the new concept would be applicable and valid according to the 
list of requirements (ch. 4.1.5), a few calculations had to be made. These calculations 
regarded product- and operating cost, time, and operation difficulty. The product- 
and operating cost is together henceforth referred to as total cost (TC). 
 
Before any calculations could be made, the following data had to be collected: oil- 
and filter purchase prices, the average hourly operating cost of an MTech, the 
operating time of the current solution, and the appreciated operating time of the 
final concept. The purchase prices and the average operating time of the current 
solution were found at the VCE database. 

4.5.1 Time & cost 

Since the new concept did not yet exist in physical form, the time estimation had to 
be done by looking at and testing similar, already existent, partial solutions, whose 
maintenance operations together could represent the operation of the final concept. 
The position and, to some extent, the interactive functions of the new concept also 
needed to be determined in order to calculate its usability with the SAE-analysis, 
further described in chapter 4.5.3. Appreciating the time it would take to perform 
these new exchange operations and then comparing it to the time it takes to change 
the oils and filters of a G-model, gave the operating time difference of those specific 
MP’s. These time values were then used in the TC calculations. In order to make all 
these tests and estimations as reliable as possible, they were performed with the help 
from a VCE maintenance engineer. 
 
In order to determine what calculations should be made, one must understand the 
current situation from an economical perspective. Without financial restrictions, 

                                                      
 
16 Service centre A35G calculations, VCE document, 2016 
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making improvements could be considered easy. In this case, the customers, the 
dealers and VCE are all dependent on the TC. Using financial restrictions were for 
this reason considered realistic. A closer look at the expenses required to apply the 
final concept could give a fair figure of the cost decrease/increase in connection with 
its maintenance efficiency improvements. 
 
Since the dealers and customers today already are settled with their current purchase 
prices, increased TC as a cause of applying the final concept would be economically 
disadvantageous for them. Therefore, the TC of the final concept (TCfinal) was set to 
be lesser than, or equal to, the TC of the corresponding solution for the G-models 
(TCG) in the calculations: 
 
 𝑇𝑇𝑇𝑇𝐺𝐺 ≥ 𝑇𝑇𝑇𝑇𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓. (1) 
 
The TCG consists of the purchase prices for the oils and filters, and the cost for an 
MTech to perform the required maintenance operation. This can be written as 
 
 𝑇𝑇𝑇𝑇𝐺𝐺 = 𝑃𝑃𝐺𝐺 + 𝐵𝐵 ∗ 𝑡𝑡𝐺𝐺 , (2) 
 
where PG represents the combined purchase price of the filters and oils used for a G-
model, B is the hourly cost of an MTech, and tG is the time required to perform the 
maintenance operation. Likewise, 
 
 𝑇𝑇𝑇𝑇𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 = 𝑃𝑃𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 + 𝐵𝐵 ∗ 𝑡𝑡𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓, (3) 
 
where Pfinal is the purchase price for the final concept, B is the hourly cost of an 
MTech and tfinal is the required operating time. By inserting the collected data for the 
prices and time values and inserting equation (2) and (3) in equation (1), the 
calculations could be used to determine Pfinal, the maximum, acceptable product cost 
of the final concept. 

4.5.2 SAE-analysis 

In this project, the SAE-analysis template used at VCE was used, see figure 15. With 
this analysis the concept was evaluated within five different categories: location, 
access, operation, miscellaneous and maintenance interval. The final score of the 
analysis represents the level of difficulty for the entire maintenance system. Though, 
each operation is evaluated separately through this method, and therefore an 
analysis can easily be performed solely for the MP’s included in the chosen concept. 
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To give an example of how the analysis works: let’s say an MP is reached from a 
squatting position, is positioned under the hood and require annual maintenance 
with a special tool for drainage. According to the SAE-analysis template shown 
above, this would give the MP a total score of (3+35+3+4)*0.5 = 22.5 points. It can 
be deduced from the template that the lower the score is, the easier it is to perform 
the maintenance operation of the MP in question. The score itself does not reveal 
much information about the MP, but it can be useful as a reference value when 
comparing it to SAE-scores of old, new, competitive, or other products. 
 

Figure 17 - The SAE-analysis scoring system used at VCE for maintenance. The bolded numbers at 
the beginning of each option represents its score 
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5  Results 
In this chapter, the project results are outlined. This involves both early findings 
from the pre-study phases, as well as results from the sub-sequent phases in the 
process.  
 
5.1  EARLY FINDINGS 
During the field studies, it was noticed that there was room for improvements on 
several MP’s. Though, according to the MTechs, no specific operation was 
experienced as being critical, regarding ergonomics or comfort in general. Instead it 
was stated that some operations could be considered annoying or irritating (MTech 
at Swecon Älmhult, personal communication, 18/11-2016; MTech at Swecon 
Vambåsa, personal communication, 08/12-2016). On the other hand, with the 
subjective information put aside, the objective data, such as time, cost and operation 
efficiency were still considered to be factors possible for improvements. 
 
The hauler walkaround (ch. 4.2.3) made it possible to identify several heavier 
touchpoints through their operating time and/or the amount of labour required for 
their maintenance operation. Among these were the hydraulic oil and filter 
exchange, brake cooling tank return filter- and oil exchange, and the axle oil 
exchange. Some of these were studied closer as potential targets for the project, but 
were later excluded due to either the level of complexity or slacking ideation progress 
regarding those specific MP’s. The main focus was instead aimed at the engine oil- 
and filter exchange process, since observing those MP’s produced a great amount of 
new thoughts and ideas, and the potential for improvements was not lacking. 
 
Comparing the operating postures and movements of the engine oil- and filter 
exchange operations with the indications for harmful postures, given by the REBA 
template and the SWEA checklist, showed that some of the postures could cause 
injuries to the operator, the MTech. For example, the drainage plug of the engine oil 
tank is accessed from underneath in a sitting posture, with the back bent and 
possibly twisted, as seen in figure 16 and 17. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Figure 19 - The MTech kneels 

and tilts his head as he opens 
the engine oil drainage plug. 

Figure 18 - When the drainage 
hose is attached to the drainage 
plug, the MTech twists and 
bends his back 
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The engine oil filter exchage operation was closely studied during both field studies. 
The two MTechs performed the operation in similar fashion: both were using special 
filter removal tools and operated from the bottom step of the front grill stair in a 
slightly crooked and twisted posture (figure 20 & 21). When a filter was loosened, 
oil started to pour out from the oil-filled filters. To prevent oil from running down 
onto the machine, the Mtech in Älmhult used a small container to put the filters in 
(figure 20), which he later emptied in a larger oil reservoir. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
It was concluded that removing engine oil filters was a messy and laborious process. 
The filters were firmly attached to their holders and force had to be used in order to 
loosen and remove them. In figure 19, one can see how the MTech also twists his 
back when trying to detach one of the engine oil filters. These observations helped 
the decision-making later in the project. 
 
When studying the Mule at the workshop (4.2.3), it was clear that its concept was an 
obvious improvement of the maintenance system; the need for under-machine 
operations and twisted backs had been eliminated by, for example, repositioning the 
drainage ports. This became a strong argument to not yet exclude the improvements 
of the Mule from the implementation of the final concept of this project. 
 
5.2 IDEAS & FILTERING 
The ideation begun before the focus of the project was aimed at the engine oil- and 
filter exchange process. The ideas, which emerged from the brainstorming, suggested 
solutions on several different areas of the machine. Some solutions required major 
physical changes to the components of the machine: rearrangements in the layout of 
the MP’s, an additional joint in the articulation, adjustable components and pre-
mounted hoses for easy refill/drainage, etc. Other solutions required no, or minor, 
changes on the machine: changes in the maintenance programme, anti-spill caps for 
refuelling, intuitive indicators and smartphone applications, and more. 
 

Figure 20 – the MTech in Älmhult 
is here seen loosening an engine 
oil filter 

Figure 21 – the MTech’s back is 
crooked and twisted as he loosens 
an engine oil filter 
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As explained in chapter 4.3.2, a Pugh matrix was used to filter out the majority of 
the ideas. The final scores of the ideas ranged from -7 to +31 points. Since the Pugh 
matrix was used merely as a guideline to help choosing which concepts should be 
studied further, the ideas with the highest scores were not necessarily the ones to be 
chosen. This was in fact the case in this project: after discussing the results with the 
project supervisor, manager and mentor, the ideas that were selected for further 
development had slightly lower scores than the highest. This was mainly due to the 
relevance of the ideas in relation to the project objectives and the appreciated 
potential for improvement of each idea. For example, the idea that received the 
highest score did so mainly thanks to its estimated low production cost and the fact 
that it would have been relatively easy to implement. The idea would surely have 
contributed to the maintenance process to some extent, but it would not have lived 
up to any of the project objectives. 
 
5.3 THREE MAIN CONCEPTS 
Out of the ideas generated in the ideation process, three main concepts were 
selected, with some of the other ideas appointed to them as sub concepts. Table 1 
shows the ideas which were set as main- and sub concepts respectively. A generally 
complementing suggestion to use intuitive indicators on MP’s to facilitate the 
maintenance process was kept as an additional sub concept, applicable for all main 
concepts. 

-  
Table 1 - the three main concepts with the remaining ideas appointed as sub concepts 

 
Figure 20, 21 and 22 below shows the illustrations of the three main concepts made 
after the grouping described in chapter 4.4. The concepts were named 1) MP 
rearrangements, 2) Maintenance centre and 3) MP kit. These concepts were later 
combined and modified to form one final concept, see chapter 5.4. The third 
concept, see figure 22, which in this section is called the MP kit, was the main 
component contributing to the final concept, since they both work by the same 
principle.  
 
  

Main MP kit MP rearrangement Maintenance centre 

Su
b.

 Spill prevention delta Swing-out grid  
 Swing-out components  

 Pre-mounted hoses 
Add.  Intuitive indicators  
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Figure 22 – MP rearrangements. The figure is a see-through 
illustration of the hood, revealing the MP rearrangements 
behind it. This concept is, as illustrated, much similar to the 
Mule. In fact, some of the filter repositionings, the electrical 
maintenance centre at the side, and the front fluid-refill 
station are directly taken from the Mule concept. The 
rearrangement of the filters makes it possible for the 
MTech to perfom their required maintenance operations 
without mounting the machine. The convenient position 
behind the front grill provides easy access for maintenance 
operations. Premounted hoses are connected between the 
station and the designated fluid tanks. From the electrical 
maintenance centre various operations, such as raising and 
lowering the hood, connecting an electrical cord to the 
engine warmer and  

Figure 23 - Maintenance centre. The main idea of this 
concept is that the maintenance operations should be 
performed at groundlevel. Much like the maintenance 
centre of the previously described concept, this centre 
contains a collection of MP’s and other useful features, 
such as fluid refill- and drainage ports, electrical controls 
for raising and lowering the hood,  fluid level sight-glass 
and various switches.The maintenance centre is accessed 
by opening a hatch located in the front side fender. 

Figure 24 – MP kit. This idea is what later led to the final 
concept. The MP kit is a box containing a collection of 
MP’s, which is ready to use directly after it is inserted into 
the machine. When the MP’s need maintenance, the box 
is removed from the machine and a new one is inserted. 
The box is brought back to a workshop where all the MP’s 
receives maintenance: filters and oils are exchanged, 
various components are cleaned, and the box is 
reassembled and ready to be used again. 
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5.4 FINAL CONCEPT – THE OFC 
The final concept (figure 23 & 24) is a suggestion on how to decrease the 
maintenance operating time by combining the engine oil filter- and engine oil 
exchange process, which at the same time makes the process safer, more comfortable 
and more environmental friendly. It consists of 3-5 oil-filter cassettes (OFC’s), 
connected to the engine oil circulation system via quick-connection ports (QCP’s). 
The OFC’s are positioned at the front most part of the engine block behind the 
front grill for easy access. They are easily exchanged by unlocking them from their 
position by pulling up a lock-lever and then lifting them out. New, oil-filled OFC’s 
are then connected to the system, and the lever is pulled down to lock them into 
position. 

 

  
  

 

5.4.1 How does it work? 

Today, VCE haulers use a so called wet-sump system to lubricate their engines 
during use. This means that oil is pumped into the engine from a large oil-filled tray 
located under the engine, to which the oil then returns. On machines where the oil 
tank is located at another place than directly under the engine, dry-sumps are 
installed17. Dry-sumps pump oil into the engine from the oil tank with a pressure 
pump, and then use one or more scavenge pumps to collect the oil from a shallow 
tray located under the engine. Without going into details, there are many advantages 
of using dry-sumps, but since VCE machines use wet-sumps with only one pump, 
switching from a wet-sump system to a dry-sump system and installing new high-
quality pumps could be costly18. The OFC concept, on the other hand, does not 
require additional high-quality pumps for the system to work. This will be explained 

                                                      
 
17 N. Lind, product system engineer, personal communication, January 15, 2017 
18 N. Lind, product system engineer, personal communication, February 20, 2017 

Figure 25 - a single OFC Figure 26 – an illustration of the OFC concept on a VCE hauler. In this 
figure, four OFC’s can be seen behind the front grill. The second OFC 
from the left is not fully connected to the oil circulation system, indicated 
by the position and the intuitive color indicator of the lock lever 
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later.  



 36 

Since the oil capacities of the VCE haulers spans between 35-54 litres, lifting the full 
amount in one single reservoir could be dangerous, injurious (SWEA, 2012) and in 
certain circumstances even impossible. As mentioned previously, the OFC concept 
therefore consists of several removable cassettes, containing filters and engine oil, 
which are installed behind the front grill at the front most part of the engine block. 
Together these cassettes contain the total amount of oil needed for each model. 
Each cassette is connected to the oil circulation system via two QCP’s. Figures 27-29 
illustrate the function of the OFC. 
 
The OFC is first placed between the two QCP’s, see figure 27. 

 
Figure 27 – an oil-filled OFC (to the far 
left) partially connected to the oil 
circulation system. The OFC is fully 
connected when the lever-lock is 
engaged 
 
 
 
 
 
 
 

A lever is then pulled down to lock the OFC in position. To fully connect an OFC 
to the system all the oil has to be drained into the oil pan underneath the engine. 
Therefore, when pulling down the lever a plug at the bottom of the OFC is forced 
open to let out the oil, see figure 28. 

 

 
 
 
 
 

When the engine starts, the oil lubricates the engine and is then pumped back into 
the OFC through its filter, into the cassette and then back down to the oil pan, se 
figure 29. 
 
 
 
 
 
 

Figure 28 – An OFC fully connected to 
the oil circulation system. The oil is 
drained down to the oil pan, as 
indicated by the red arrow. 
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When the engine is turned off and the OFC’s need to be exchanged, the oil is 
pumped back into the OFC’s using an electrical pump. The lock-levers are then 
pulled up and the OFC’s can be removed. 
 
To prevent that the engine is started before all the OFC’s are fully and correctly 
connected, the levers used to lock the OFC’s in place have been given intuitive 
colour indicators: the bottom part of the lever is red, and the top part green as can 
be seen in figure 26. This enables the MTech to easily distinguish whether the 
OFC’s are locked in place or not. 

5.4.2 Ergonomics, environment & safety 

One of the major improvements what the OFC offers is that the cassettes are reused 
instead of being discarded. Whilst the current filter cases are binned, the OFC’s are 
brought back to a workshop where only the filters, and not the entire filter 
containers, are exchanged. There, the cassettes are also emptied and re-filled with 
new engine oil in a controlled environment. It also follows that the customers only 
need to pay for the filter, not the entire filter container. 
 
When it comes to packaging and transporting, the geometry of the OFC’s is optimal; 
the rectangular parallelepiped shape makes it easy to stack compactly when, for 
example, loading a transportation truck. The simple geometry of the case also makes 
the production process easier than for objects with complex geometries, which could 
lower the total production cost. 
 
Looking at the oil- and filter exchange operating-postures of the current models and 
then comparing them to the postures of the OFC concept, the differences are 
minimal. The major improvement instead comes with the decrease in operating 
time. Both the REBA template (appendix 4) and SWEA (2012) discussed in chapter 
4.4.2 clearly indicate that operating time is a factor that affects the ergonomics of an 
operation: longer operating times and higher repetition frequency affects the body 
negatively. Shortening the operating time and reducing the repetitive movements 
could therefore improve the ergonomics of the operation as a total. Also, the OFC 
exchange process does not require the MTech to operate underneath the machine at 
any point, unlike the current oil drainage process discussed in chapter 5.1. 
 
By reducing the time that the MTech interacts with the machine, the OFC concept 
also minimises the risk of injury through stress, fatigue or other incidents. The 
MTech would no longer need to crawl under the machine in order to access the 

Figure 29 - the red arrows roughly 
show how the oil circulates through 
the system, as it lubricates the 
engine and is filtered inside the 
OFC’s. 
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engine oil drainage port, and the inconvenient posture discussed in chapter 5.1 
would no longer be necessary. Looking at the recommendations and guidelines by 
SWEA (2012) and the REBA template, eliminating the need for twisting and 
crooking the back for a longer time, eliminating under-machine operations and 
other hazardous postures during the maintenance process should be an ergonomic 
improvement.  
 
In many cases, opening drainage ports, removing filters or operating other MP’s 
containing liquids also leads to a lot of spillage. The OFC, on the other hand, would 
almost completely eliminate spillage, since the oil is encapsulated within the OFC’s. 
An exception could be some rest oil drops left in the QCP’s. 

5.4.3 SAE-result and usability 

As mentioned in chapter 3.3, the usability of the product was evaluated using the 
SAE-analysis. The following section describes the analysis result and how it was 
motivated. 
 
Since the OFC is positioned at the front most part of the engine compartment 
behind the front grill, it can easily be accessed from the front grill stair. According to 
the SAE-analysis template, this should give the OFC a Location-score of 15 points 
and an Access-score of 15 points, but since the front grill is always lowered during 
the 500h-interval to enable access to other MP’s, no covers or doors have to be 
removed to access the OFC specifically. Therefore, the Access-score was set to 1 
point and the Location-score remained at 15 points, see figure 30. The maintenance 
operation of the OFC does not require any special tools nor cause any, yet 
discovered, major inconveniences, according to the current understanding of the 
concept. The Operation- and the Miscellaneous-score was therefore given 1 point 
and 0 points respectively. The 500-hour maintenance frequency recommendation 
for the oil- and the filter exchanges gives the SAE-score a frequency multiplier of 2. 
 

 

 
The final SAE-score of the OFC was by these calculations estimated to 34 points, 
which in comparison to a G-model’s total of 148 points is approximately a 77 % 
decrease. The maintenance operations of the OFC could therefore be said to be 77 
% less difficult to perform than that of a G-model. 

5.4.4 Time & cost calculations 

As explained in chapter 4.5.1, the time estimation was made with already existent 
products, by testing operations that were similar to the OFC maintenance 
operations. Figures 31-33 show one of the products that were tested for the 
estimation. The total time required to exchange one OFC was estimated to 1 
minute, and since the OFC maintenance operation is the same for each hauler 
model, the same exchange time estimation applies for each model. Exchanging, for 

Figure 30 – the SAE-analysis of the OFC (row no. 4) and the separate oil- and filter exchange 
operation of an A35G (row no. 1-3) 
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example, four of these would therefore, with a one-minute margin for cleaning and 
possible errors, require about 5 minutes (about 0.0833 hours). To exemplify, for an 
A35G this would imply an 83 % decrease, since emptying its engine oil with an 
electrical pump and exchange its engine filters takes in average about 30 minutes, 
according VCE calculations19.  

   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The hourly cost for the MTechs used in the VCE calculations is B=800 Swedish 
crowns (sek), so the same value is used here. Including the product cost at 
PG=2916.02 sek, the complete tG=30 minutes long oil- and filter exchange process of 
an A35G reaches TCG=3316.17 sek. 
 
Using equation (1) in chapter 4.5.1 and inserting the values of B, tOFC and TCG into 
equation (3) we can calculate the maximum total purchase price of the OFC’s, POFC: 
 

3316,17 = 𝑃𝑃𝑂𝑂𝑂𝑂𝑂𝑂 + 800 ∗ 0,0833, 
 

which gives 
 

𝑃𝑃𝑂𝑂𝑂𝑂𝑂𝑂 ≈ 3249,5 𝑠𝑠𝑠𝑠𝑠𝑠. 
 
Comparing the purchase price of the OFC to the total purchase price of the oil and 
filters for an A35G shows that there is a 333.48 sek difference between the two at 
each 500h-interval: 
 

3249,5 − 2916,02 = 333,48 𝑠𝑠𝑠𝑠𝑠𝑠. 
 
During the shortest estimated hauler lifetime of 12000 hours, the total profits reach 
about 8003 sek, which can be used to apply the OFC concept.  

                                                      
 
19 Service centre A35G calculations, VCE document, 2016 

Figure 31 – one of the 
existing products that 
were tested. Here, the 
product is in a locked 
position 

Figure 32 – the yellow 
lever is pulled down to 
unlock it 

Figure 33 – it is then 
possible to detach 
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5.4.5 Some clarifications 

It is important to note that the calculations of the OFC exchange are made in 
comparison to the maintenance operations performed of an A35G with an electrical 
pump. Since the pumps are, to some, considered to be expensive and/or 
circumstantial, not all customers are willing to invest in one. Applying the OFC 
concept would both eliminate the need for an electrical pump and decrease the 
operating time achieved using an electrical pump. This means that the OFC concept 
would have an even greater favourable impact on the machines owned by customers 
who operates within technologically limited environments or are supposedly worried 
about their expenses. 
 
Also, these calculations do not include the fact that the OFC’s still need to be 
emptied, cleaned and refilled at a workshop. The MTechs would still need to be 
compensated for this operating time as well, but considering that the machine can 
be put into production much sooner, this cost can in many cases, presumably be 
neglected. This assumption works especially for high production sites. 
 
Finally, one of the greatest advantages of the OFC concept is that it is applicable 
with most other VCE machines and is not restricted to the haulers. The concept also 
allows modifications in many ways without losing its principle and can therefore be 
adapted to almost any machine. 
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6 Discussion  
So far I have presented descriptions of the process, the underlying theory and the 
final result, but there are still some things that need to be said. The intention of this 
chapter is to argue for the reliability and validity of the result, the process used to 
reach it, and future recommendations. 
 
6.1 THE RESULT  
The first thing that came into my mind, when the OFC concept was invented, was 
whether there would be room enough for the cassettes to fit behind the front grill. 
The space where the OFC’s were to be placed was therefore measured. Luckily, the 
space proved to be just big enough for the OFC’s to fit, but only if they are given the 
right proportions. Figure 30 shows two 25-litre reservoirs standing on an A45G, and 
it can clearly be seen that these would not fit – but, if they were to be stretched out 
and slightly widened, they would. 
 

 
 
 
 
 
 
 
 
 
 

 
 
 

Despite this, the discovered problems regarding the working principle and the 
function of the OFC concept have neither been many nor major. The remaining 
discoveries have rather been positive: the concept only uses a combination of already 
existing solutions, and does not require any major reconstructions, since it uses most 
of the current system of the VCE machines. On top of this, the efficiency, the 
ergonomics and the environmental aspects improved, and the operating time 
decreased. This means that the project objectives were fulfilled, but the reliability of 
the process and the results must still be considered. 
 
As mentioned in the previous chapter, the efficiency/usability improvement and the 
time decrease were 77 % and 83 % respectively. Even though these seemingly precise 
values were carefully calculated, they should be regarded with some margin, since the 
cassettes do not yet exist and therefore no real in-action tests could be made. Never 
the less, I do believe that the methods were reliable, since they included tests on 
several already existing products. Knowing the approximate properties, such as 
dimensions and weight, of the OFC’s made it possible to appreciate what the 
exchange process would be like.  

Figure 34 – Two 25-litre reservoirs standing on an A45G to show the 
required volume and size of the OFC’s in relation to the machine 
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Regarding the unique selling points, or the wow-effect, the evaluation was rather 
subjective. The neat way of exchanging the OFC’s follows several already existing 
solutions for locking and unlocking components. Although, applying it to an engine- 
oil and filter exchange process is something new, and has not yet been implemented 
into the field of construction work, according to my benchmarking study. 

6.1.1 Beneficial for everyone? 

An important question that always comes up when an improvement is applied is 
“who will profit from it?” In this case, the answer to this question is “everyone 
involved”, so let me explain how. 
 
To begin with, if the OFC concept is applied on the VCE construction equipment, 
the benefits are obviously overwhelming according to the calculations in the 
previous chapter, assuming there are no yet undiscovered critical disadvantages with 
the concept.  
 Since the operating time is decreased, the customers are able to retrieve their 
machines quicker, and by doing so increase the total productivity rate, the uptime. It 
follows that the customers are profiting from this improvement.  
 Raising the purchase price of the haulers after applying the improvements is not 
the only way VCE could profit from the OFC concept. Marketing the concept and 
emphasising its benefits could also make the machine more attractive to the 
customers, and that way VCE could sell more machines. 
 The operating time decrease also favours the dealers: the MTechs accommodated 
by the dealers are able to complete the maintenance process quicker, and are 
therefore able to maintain more machines. For example, the 25-minute decrease of 
the A35G (ch. 5.4.4) would result in a four-hour decrease if two machines were 
maintained each day within a five-day week. The MTechs themselves would benefit 
from the improvements on ergonomics, accessibility and usability induced by the 
OFC concept. 
 
6.2 THE RIGHT METHOD? 
Since I, as the researcher of this project, have used this method in several other 
projects, I relied on it to work for this one as well. My experience with this type of 
stage-gate method also made me comfortable exercising it, which enabled a smooth 
work-flow with not too many abruptions. The planned stoppages before each new 
phase to review the collected information and the progress certainly helped adapting 
the continuation to optimise the outcome of project. This also helped avoiding the 
“low-hanging fruit” in the ideation process. 

6.2.1 Change of plans 

During the project I came across a few game-changing points of decision: how much 
effort to put into the background study, whether or not the REBA-analysis should be 
performed, and whether or not to create mock-ups of the final concept.  
 
Since I, in the first project phase, neither knew much about the haulers of the 
competitive manufacturers nor those of the VCE, I realised that studying these 
machines gave me a lot of new ideas on how to improve the maintenance system. 
Therefore, I decided to extend the background study. Though, I think it would have 
been very interesting to perform a whole new study, more focused on the engine oil- 
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and filter maintenance operations, now that I know where the focus of this project 
ended up. That may have given me even more, better and more carefully thought 
out ideas. 
 
As mentioned in chapter 1.4, the REBA-analysis was never performed, but instead 
the template was used as a reference during the evaluations. This was decided at 
some point during the first phase and it proved to be a good decision: more focus 
could be put at benchmarking process and at studying the maintenance process and 
the MP’s. Merely using the template as a reference or a guideline during the 
evaluations also proved to be enough for a project like this one, where the main 
focus is elsewhere than on the ergonomics. 
 
The late decision of not creating a mock-up was made when the final concept was 
almost completely established. Finding already existing products with similar 
functionalities made me realise that a fair SAE-, ergonomics- and operating time 
estimation for the concept could be made without a mock-up or a prototype, 
especially when the estimations were facilitated by a maintenance engineer. 

6.2.2 Notes on the Pugh matrix 

One interesting point that came up during the evaluation process specifically was the 
choice of the Pugh matrix scale. In many of my previous project I have used a three-
point scale, from -1 to +1, partially to avoid the risk of ideas reaching far superior 
scores. In this project, a five-point scale was used mainly due to the immensely wide 
variety of the ideas. For example, the differences in cost between two separate ideas 
could be extreme and yet receive the same score with a three-point scale. The choice 
of the five-point scale was not to deliberately create the differences between the ideas, 
but to make it possible for them to show. 
 As mentioned previously, another observation, made by the project team 
manager, was the influence of the weighing in the Pugh matrix. During a meeting, 
ideas were therefore given alternative rankings due to suspicions about reliability of 
the point system, and even excluding the weight factors completely was also tested. 
Though, neither changing nor excluding these parameters seemed to impact the 
result to a considerable extent, so the initial matrix was kept and used in the 
evaluation process. 
 
6.3 THE FUTURE 
Today, the OFC concept would have some positive impact on the maintenance 
process. Although, I would say that the rapidly developing market of autonomous 
machines is making this concept even more interesting: the absence of drivers 
reduces the total operating cost of the machines and maintenance costs suddenly 
make up a larger percental part of the total cost, see figure 35 & 36. 
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Lastly, since the OFC concept is a first introduction to this principle, I believe it is 
possible to apply it with other systems of the machine. The early idea of the MP kit 
may therefore be a topic for future studies and discussions.  
 
6.4 CONCLUSIONS 
In this section I briefly present the conclusions drawn from this project.  
 
The OFC concept is an obvious improvement: it offers several improvements 
compared to the engine oil- and filter exchange solution of the current VCE haulers. 
Of the selected operations, the SAE-score was decreased by 77 %, the operating time 
was reduced with 83 % and each 500h-interval would become 333.5 sek cheaper. 
The ergonomics and the efficiency of the maintenance process would also improve 
due to the operating time decrease and less required interaction with the MP’s. The 
idea of reusing the OFC’s, and the cassettes ability to capsulate the oil, also makes 
the concept safer and more environmental friendly. 
 
All objectives and aims are fulfilled – it can be concluded that the OFC concept 
fulfils all the project aims and objectives. The only possible uncertainty is the 
improvements of the ergonomics, since it has not been quantified.  
 
There is need for a new type of QCP – the QCP’s mentioned in the previous 
chapters are most likely complex, and even though a lot of different QCP’s already 
exist. I believe these QCP’s need to be developed specifically for the OFC’s for the 
concept to work. 
 
Last but not least, the OFC concept is designed to fit the VCE haulers, since 
the study was focusing on them specifically. Though, I can think of no 
reasons to why the same principle cannot be applied to any of the remaining 
VCE machines, such as the excavators or wheel loaders. Therefore, the OFC 
concept should be applicable to the complete range of the VCE machines. 
 

Figure 35 - an example of the operating cost 
distribution of today's machines 

Figure 36 - this diagram visualises the impact 
on the operating cost from having no driver. 
The maintenance cost now makes up 50 % of 
the total operating cost, compared to the 33 
% of the previous case 



 45 

6.5 RECOMMENDATIONS 
This project led me to find several interesting things I would have wanted to 
investigate further, but were left out since they were outside the project topic or 
because I simply did not have time for them. Instead I will mention a few of them 
here as recommendations of future projects. 
 
Since the OFC concept is limited to the engine oil- and filters, I have not tested 
whether the same principle could be integrated with other systems of the machine 
containing fluids and filters, such as the hydraulic-, fuel- and brake cooling system. 
What is the maximum efficiency increase that could be achieved if this is possible? It 
would also be interesting to see if it could be possible to make the engine oils and 
filters specifically designed for the OFC’s, so that VCE could sell more or their 
products, without forcing the customers to pay more than what they are paying for 
the current products.  
 
One of the ideas generated at the brainstorming session was a smartphone 
application designed to facilitate the maintenance process, which could provide 
VCE with useful information from the process. When presenting this idea to the 
service & engineering department at VCE it was much appreciated and received 
positive feedback. Therefore, I believe this would be worth looking into and see what 
effects it could have on both the MTechs’ job satisfaction and the future 
development of the maintenance system. Developing an application that is linked 
with the machines could also work as a good foundation for smart connection to 
possible autonomous machines of the future. 
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Is it easy to keep track on what’s to be done next? If not, do you use som sort of 
method to simplify the process or to make it quicker? 
 
 
 
 
 
Is anything about the maintenance process that irritates you? 
 
 
 
 
 
Are there any operations you perform different from the recommendations? Why? 
 
 
 
 
What are the main differences between performing a maintenance process in a 
workshop compared to outside on the site? 
 
 
Where on the machine is it usually dirty? 
 
 
 
 
What are your thought on the change of oils, generally? 
 
 
 
 
Are there any types of tool kits you use? Or is there a list over the tools that you 
need? If not, do you think that would be something you could find useful? 
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