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Abstract

The High Capacity Transport project started in 2009 with the idea that larger amounts of goods could
be transported by every truck currently in deployment in Sweden, effectively reducing the CO,-
emissions from each ton transported. To accomplish this, many different companies, universities,
research institutes as well as the government were involved to secure the necessary expertise and
backing.

One thing done to increase the capacity of the truck was to lower the chassis to expand the loading
volume. This reduction of clearance has put the oil pan to close to the ground and caused the
unwanted consequences of impacts and scraping during runtime. To solve this issue the High
Capacity Transport division at AF in conjunction with Volvo Trucks established a degree project with
the aim to design a more durable oil pan.

The methodology included several product developments methods, such as a customer needs
analysis to establish the requirements for the oil pan, an internal and external benchmarking to gain
information of existing oil pans and inspiration for the concept development process. Those concepts
were later evaluated and grated based of the earlier stated requirements and the result yielded a
redesigned oil pan that, with additional confirmation, could serve as a viable solution to the issue.



Sammanfattning

High Capacity Transport projektet startade 2009 med idéen att storre kvantiteter kunde
transporteras av samtliga lastbilar som kors i Sverige, vilket skulle reducera utslappen av CO; relativt
varje ton gods som transporterats. For att uppna malet har manga olika féretag, universitet,
forskningsinstitut samt regeringen involverats for att erhalla den nédvandiga kunskapen och
kapitalet.

En modifiering utford for att utoka lastbilens kapacitet var att sanka chassit for att 6ka lastvolymen.
Denna reduktion av frigang satte oljetraget for ndra marken vilket orsakade, de odnskade
konsekvenserna, stotar och skrapningar under kortid. For att 16sa det har problemet etablerades ett
examensarbete av High Capacity Transport avdelningen hos AF tillsammans med Volvo Trucks med
malet att konstruera ett mer taligt oljetrag.

Genomforandet inkluderade flertalet produktutvecklingsverktyg sdsom en kundundersdkning for att
etablera oljetragets krav, en intern- och extern marknadsundersékning for att samla information om
det existerande oljetraget samt inspiration infér konceptgenereringsprocessen. De koncepten
utvarderades och betygsattes senare baserat pa de tidigare stéllda kraven och detta resulterade i ett
omkonstruerat oljetrag som, med vidare bekraftelse, kan vara en fungerade 16sning till problemet.
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1. Introduction

1.1 Background

Truck drivers and the haulage contractors they work for are highly dependent on their vehicles
continued performance. This is especially true for the logging industry were the FH16 truck’s is
widely used for transport of low value goods in great quantities. The transports are over shorter
distances but harder terrain which is the norm. One of the difficulties of this terrain is the presence
of debris, such as larger rocks, which damages the oil pan of the truck. Also, during the shift from
winter to spring, dirt roads lose their hardened nature due to thaw (Trafikverket, 2019) creating a
ridge in the middle of the road (Alzubaidi, 1999) which scrapes the bottom of the oil pan. The
scrapes from the roads ridge and impacts from debris on the road creates cracks, scratches and in
some cases holes, see figure 1 and 2.

Figure 1 - Broken D16 oil pan, hole. Figure 2 - Broken D16 oil pan, crack.

In worst case, these issues could cause a total engine failure due to the loss of oil. This issue exists
from two ends, the first being that the road that is provided by the lumbering companies for the
haulage companies is of insufficient quality, the second being that the oil pan is of insufficient quality
for the terrain it is to sustain in. The issue that Volvo Group can solve is the second one.

Volvo has tried to ease the symptoms by adding a steel skid plate, see Figure 5 and blueprint in
appendix A, underneath the oil pan to protect it, but the main problem is still unresolved. As of now,
the oil pan, see Figure 3 and blueprint in appendix B, is the largest weak point in the design of the
D16 engine as it is a supporting component and is causing mayor issues. This is because it’s made
from a plastic SMC, sheet molding compound, reinforced with glasfiber while the oil pan for the D13
engine for this terrain, see Figure 4 and blueprint in appendix C, is made from deep drawn sheet
steel. The plastic oil pan does have advantages due to its low manufacturing cost as well as its lower
weight.



Figure 3 - D16 Plastic oil pan, Figure 4 - D13 Deep drawn steel oil Figure 5 — D16 Protective skid plate,
reproduced with permission from pan, reproduced with permission from reproduced with permission from

Volvo group. Volvo group. Volvo group.

Raising the clearance of the truck would be one option, but as Sweden has an upper clearance of 4.5
meters (Trafikverket, 2011) this would mean that the volume of load would be less. Also, raising the

clearance would raise the center of gravity compromising on the capability of the truck to stay firmly
on the road.

Another solution would be to reposition the oil pan to a less exposed area of the engine
compartment but for that to be a viable option major redesigns of the entire truck would be
necessary.

The goal of this degree project is to design an alternative oil pan that would not require mayor
redesign of existing components nor lower the clearance, and which could stand up to the harsh
demands of the environment the trucks are enduring.

1.2 Purpose

The purpose of this project is to analyze the cause of failure in the product due to accidents and use
the various methods of product development to solve those issues. After the analysis, different
concepts will be generated and through concept evaluation methods the optimal solution will be
chosen for continued development.

A completed project would entail a suggestion for a functional redesigned oil pan which would be
compatible with the existing skid plate. The skid plate would only be used in harsher environments
to complement the added protection of a tougher oil pan.



1.3 Limitations
The project will focus on the design of the oil pan to generate a more durable product to reduce the
number of failures.

Consideration of adjacent components will be taken to limit the project to the oil pan with only
minor modifications to surrounding components.

Due to the project's timeframe, only light cost calculations will be produced as well as a light
manufacturing method analysis. No physical prototype will be produced, only a virtual prototype.

1.4 Problem statement
Main question:
How should an oil pan with better durability be designed?

Subquestions:

How is today’s oil pan designed?

Is it the design or simply the material choice that is the cause of failure?
What is the new oil pan allowed to cost to manufacture?



2. Technical background

This chapter contains information that is needed to fully understand the report.

2.1 The HCT project

HCT stands for High Capacity Transport and is a project located under the platform CLOSER. CLOSER
is dedicated to making the transport sector more efficient by offering a neutral platform of
communication for universities, research institutes, businesses and various levels of the government
(CLOSER, n.d.).

The HCT project officially started 2007, see interview with HCT profile Lennart Cider in appendix D,
although there were other projects under other names already in the process earlier. They were all
combined into the HCT project with different companies, municipalities, research institutes and
governments involved (CLOSER, n.d.).

The concept surrounding this part of the HCT project is concerning the length and weight restrictions
currently in place for trucks. The current calculations for a products CO,-emissions from transport
can be reduced if the truck was allowed to carry more product per shipment and thereby reducing
the transport emissions for the individual product. This has been achieved by increasing the volume
that the truck is able to carry through, among other things, reducing the clearance of the truck. This
is what causes the increased wear and damage to the oil pan as it is closer to the road. Both great
and modest modifications have been made to the different test vehicles for the project to increase
maneuverability and safety so that the longer as well as heavier truck does not perform worse than
the trucks driving under existing laws.

O O

() Q

Figure 6 — Principal truck with normal clearance. Figure 7 - Principal truck with reduced
clearance.

The government’s involvement is crucial for these types of projects as it is the authority which grants
test vehicles the right to be driven on the current roads. It is also the sole authority when it comes to
incorporating new regulations concerning the transport industry.

2.2 Driving conditions

Volvos trucks drive in different kinds of terrain that Volvo grades smooth, rough and very rough, see
terrain specification in appendix E. The truck’s design varies depending on the terrain (Volvo Lastvagnar
Sverige, n.d.). The trucks that drives in smooth terrain for example, asphalt roads, has a lower clearance
over the road than the trucks that drives in very rough terrain, gravel and forest road.



2.3 Product specifications
The product specifications below describe the oil pan and the compatible protection skid plate that
is standard for the trucks driving in very rough conditions.

2.3.1 The D16 engine

The D16 engine, see Figure 8, is currently the largest engine that Volvo Trucks offers for commercial
haulage companies. It exists with several different specifications ranging from 550 hp to 750 hp
(Volvo Lastvagnar Sverige, n.d.).

The engine utilized mostly in the HCT project is the D16K750 with 750 hp and is the biggest of the
engines.

Figure 8 - The D16K750 engine, reproduced with permission from Volvo group.

2.3.2 The oil pan

The oil pan is a container and is, in the case of the D16 engine, located directly underneath the
truck's engine, see Figure 8 above. The oil pan’s main purpose is to provide the engine with oil for
lubrication and cooling (Hellsten & Pettersson, 2018). Inside the oil pan is an oil sensor, see Figure 9
notation 1 below. It measures the temperature of the oil and the oil level. The oil sensor is logging
information continuously so that the driver can be notified if needed, see questionnaire with
mechanics in appendix F. You will also find a tap hole inside the oil pan which is located on the
bottom for oil changes, see Figure 9 notation 2 below.



3

Figure 9 - D16 oil pan with details, reproduced with permission from Volvo group.

On the right side of the oil pan there are three entries, one for refill of oil, one for a manual oil
measuring stick and the last one is an output for a cable, which has two mounts, one on either side,
see Figure 9 notation 3, 4 and 5 respectively. The cable is connected to the oil sensor inside the oil
pan, see Figure 9 notation 6, and is then fed through the output so that information from the oil
sensor is sent to the driver.

Fixed to the engine is a suction tube that goes inside the oil pan and down to the bottom. The tube is
connected to a pump which is mechanically driven, the faster the engine goes the faster the pump
pumps up the oil as the pump is driven by a gear transmission. At the end of the suction tube is an
oil filter that is designed as a very basic metal mesh.

Inside the oil pan there is a max input of oil which is limited by the refill hole but, as the engine is
running, about a third of the oil is circulating the engine, so the oil pan is never completely full.
Therefore, the suction tube needs to be so close to the base of the oil pan as possible, to avoid a
temporarily stop of oil flow to the engine which could cause engine failure.

2.3.3 The skid plate

Because of the uneven road conditions when driving in very rough terrain, see terrain specification
in appendix E, the oil pain, that now exists, is complimented with a skid plate, see Figure 5, to
protect the oil pan from direct impacts and scrapes. This skid plate is not applicable for the trucks
that drive in smooth terrain due to the lower clearance, if mounted it will cause impacts to the oil
pan with every road bump in the way. The skid plate is mounted to the chassis and can be assumed
to compliment all oil pans in very rough terrain even after this projects redesign of the oil pan.

One issue that has come with the skid plate is that gravel finds its way between the oil pan and the
skid plate. Because the engine itself is not rigidly mounted and moves up to 2 cm in height, the small
gravel starts to wear out the oil pan. The gravel comes into the space through a hole in the skid plate



that is used to change the oil in the oil pan, see figure below. A lid has been added to the design but
has not reached production yet.

Figure 5 - Skidplate with added indication, reproduced with permission from Volvo group.

The mechanics are supposed to remove the whole skid plate when changing oil in order to also
remove the small gravel that has gotten stuck since the last oil change. This is not implemented
because of the extra time consumption that occurs when disassembling and assembling the skid
plate. Right now, very few trucks drive with the skid plate due to the wear of the oil pan from the
small gravel.

2.4 CES EduPack 2018™

In this project, an analysis to determine the choice of a material and manufacturing process was
included. To get closely comparable values, a comprehensive database of information regarding
different materials and manufacturing processes was used, in this case CES Edu Pack 2018™.

CES EduPack™ provides a comprehensive database because it depicts many commercial engineering
materials which ensures the user that almost all possibilities for any application has been suggested.
Also, CES EduPack™ has a strict database design where each material is only represented once with
its properties ranging because of different manufacturer and different batches (CES EduPack
software, 2018). References is given for each sheet of data to enable the user to further investigate
the information given by CES EduPack™.

CES EduPack™ consist of different databases for the user to choose from depending on the user’s
educational level. There is Introductory — Level 1 and 2, as well as Advanced — Level 3. For this
project, level 2 was used as it is the highest level used previously during the education. CES
EduPack™ is continually developed based on feedback from the global user community.



3. Methodology

The following chapter presents the different stages of the degree project was performed in
chronological order.

3.1 Research

Before the research part of the project could begin a list of contacts was established. In the following
subheadings you will read about the process for the literature search, benchmarking and the
customer needs analysis.

3.1.1 Literature search
The literature search was performed to obtain a greater understanding of the product and its uses

but also to see if any degree projects, or bachelor theses, had been done in the specific or adjacent
areas before that could be utilized in this degree project.

Research was also done on Volvo trucks intranet to better understand the position and
implementation of the oil pan and the different versions used for both the FH13 and FH16
trucks. Included in this part was an overview of Volvo group and its affiliates to achieve a greater
understanding of which companies that could be used for expertise and advice.

3.1.2 Benchmarking
The benchmarking was divided into internal and external benchmarking. The internal benchmarking

aimed to establish if Volvo trucks had any solutions for some other truck models or older models.
This involved talking to experienced engineers and mechanics.

The external benchmarking consisted of two parts were the first one was to meet with the team of
engineers, at Volvo Trucks, that performs benchmarking on products on the open market. The
second part was to talk to other companies to see if they had the same or similar problems with
either clearance or subpar quality in their oil pans.

3.1.3 Customer needs analysis
A customer needs analysis was performed to establish the current thoughts about and problems

with the existing oil pan. In the first stage of the customer needs analysis, contacts where sorted into
groups before developing the questions. These groups were created to ease the process of
establishing questionnaires, so that each individual was asked similar questions to give comparable
results.

The questions where based mostly to answer the degree projects main question, “How should an oil
pan with better durability be designed?”, which can be answered by the response to the question,
how does the oil pan break today? With that in mind, phone interviews with drivers and owners of
haulage contractors where held.

Interviews were also held with the supervisor from AF and the client from Volvo as well as
mechanics with experience of the oil pan. Finally, meetings with the department responsible for the
oil pan and the geometry architect engineer responsible for the surrounding components were held.



It was important that both the company and the users could express their concerns to arrive at a
better solution.

The last stage involved summarizing the answers and, in some cases, individuals were contacted
again for further questions that had arisen on the way.

3.2 Specification of requirements

From the research involving literature search, benchmarking and customer needs analysis a
specification of requirements was developed. It contains criteria that were gained partly from
customer’s opinions regarding the development of the oil pan but also from raised issues with the oil
pan. Criteria were also gained from the product description which explains the functions of the oil
pan and therefore also gives what the developed oil pan must be able to do.

After all criteria were stated they were specified, in a column, as either a demand (D) or a wish (W).
Each wish was rated in a scale from 1-5 were 5 indicates the highest priority. The ranking each wish
gained was based on the customer analysis and a demand always has the ranking 5. Columns that
contains the authority of standard, whom confirms the criteria for each criterion, and method of
verification, which shows what mean to use to verify if the criterion is fulfilled or not, were also
added.

3.3 Development of concepts
In the following text the different stages that were involved in the development of the concepts are
presented.

3.3.1 Functional analysis — Black-box
A functional analysis was performed to build a perception of and to easier understand what the oil

pans functions are. A functional analysis can look different depending on the chosen method and in
this project a black-box analysis was chosen. It depicts a product’s, one or several, main functions
and its subfunctions.

To work out the main function and subfunctions for the oil pan the product description, see page 5,
was the main source. From that description the oils pathway in, through and out of the oil pan was
drawn up and after that different functions could be sorted out. The figure of the oil’s pathway
combined with the subfunctions later became the black-box image of the oil pan.

3.3.2 Brainstorming
When the functions of the oil pan were determined, the generating of concepts could begin. This

was divided into two parts where the solutions were developed first and then combined into
concepts. The process of the two parts are described below.

3.3.2.1 Brainstorming solutions
The first step of generating solutions began with a silent brainstorming. For about 15-20 min, each

group member sat down and sketched on different and simple solutions that would solve the main
issue. After the time was up a discussion began about the solutions at hand and from that
discussions more solutions were developed. The solutions that were developed consisted of smaller



changes to the oil pan. Each solution sought to solve the main issue presented in the introduction;
How should an oil pan with better durability be designed?

3.3.2.2 Solutions to concepts
When no further progress could be made regarding the solutions the next step started, combining

solutions to concepts. All possible combinations were listed and described then presented to the
tutors and other affected employees, this to see if a discussion would generate more concepts. After
that the concepts generating process came to an effective end.

3.4 Evaluation of concepts

This chapter contains the process of evaluating concepts which includes, among other processes,
several different matrices. With the matrices, the concepts will be evaluated and those concepts
that fulfills the different criteria continues to be developed and the others will be eliminated. In the
end, this process will leave a final choice of concept.

3.4.1 Elimination matrix
The elimination matrix evaluates each concept by comparing them to the demand criteria in the

specification of requirements. When compared, each concept is marked with either a (+), (-) or (?) to
indicate that it fulfills, doesn't fulfill or that more research is needed to determine if it fulfills the
specified criterion or not.

Any concept that ends up with a single (-) will be eliminated and not undergo any further evaluation.
If a concept has both (+) and (?) it will still move forward in the process as it doesn't fail any
demands but needs more research.

3.4.2 Material- and manufacturing analysis
After the elimination matrix, more research was needed regarding some criteria. Most of those

criteria that needed further research were connected to the material- and manufacturing choice. In
the following chapter the process of choosing a material and manufacturing process for the oil pan is
presented. This involved both research and interviews with engineers in the affected branches.

3.4.2.1 Material analysis
First, a screening of all large material groups was done based on several criteria from the

specification of requirements. From the initial larger screening, a few materials continued to a
second screening which evaluated the materials against each other based on selected material
properties that effected criterion, connected to the choice of material, from the specification of
requirements.

To begin, the values of all the materials properties were listed in a table. From that table, each
column of a material property was evaluated were the materials received a grade from 1-10 where
10 indicated that it had the best material property. If several materials had the same value on a
material property, they received the same grade.
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After all material property columns had been evaluated, the individual material grades were
summed up as a total score. That highest score later gave the materials a rank from 1-10 where the
best rank was 1.

A review of the result followed to ensure that the materials that were ranked highly not only scored
high on criteria of low priority according to the criteria ranking from the specification of
requirements. To verify the material choice further, interviews were made with different engineers
with expertise in the area which concluded the material analysis.

3.4.2.2 Manufacturing analysis
To determine the manufacturing process from the material chosen in the previous chapter various

processes were looked at. The manufacturing process had to provide the desired properties for the

application for which the oil pan will be used as well as being financially viable. Through discussions

with experts of relevant fields as well as researching different manufacturing processes a choice of a
manufacturing process could be made.

3.4.2.3 Verification from expert
After determining the material and manufacturing process, an expert within Volvo group was

consulted to confirm the validity of both.

3.4.3 Pugh’s selection matrix — Concept screening
After the material and manufacturing processes had been found, the concept screening continued

with Pugh’s selection matrix.

The matrix contains all wishes from the specification of requirements as well as the demands that
are possible to overachieve. The wishes were marked with their weighting from the specification of
requirements while the demands were given a weighting of five. This weighting was not used in the
concept screening but rather in the review of the results from it.

The criteria were listed against an index of choice and the concepts that were considered against it
was marked as either better (+), worse (-) or equal (0) in terms of the considered criterion. This
yielded a sum of better, worse and equal notations that later were summed up as a net worth. The
net worth was used to create a rating between the concepts and the ones that got a net worth
below zero were eliminated.

The results were then examined to evaluate if any of the criteria were worth more since the net
worth don’t always represent the concept fully. The concepts were also reviewed to see if any
changes could be made to the concept so that the criterion where a concept was listed as a worse
solution could be turned to a better or equal solution. In this way the concept could possibly
continue through the evaluation process.

Based on the net worth and the examination of the concepts they continued to a second screening.
The only difference in this matrix was the use of the winning concept from the first screening as the
index.
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To get a quantitative evaluation of the remaining concepts the evaluation continued with
Kesselring’s selection matrix.

3.4.4 Kesselring’s selection matrix — Concept scoring
The last evaluation matrix used was the Kesselring’s selection matrix. To build the Kesselring’s

selection matrix, the first step was to choose which criteria to use.

When all criteria were established, they had to be weighed against each other to determine the
importance of each criterion. This was performed in a grading matrix were two criteria were
compared against each other at a time. When compared, it was determined if one of the criteria
were more important than the other or if they were equally important.

The superior criteria received a value 1 and the other a value 0, if equal, they were both given the
value 0.5. When all criteria had been compared with each other, their values were summed up to a
total, the total was then converted into percent and then again converted to a weighted value that
varied in a scale from 1-5.

After the criteria weighting, the criteria, with their weighted values, and the concepts were inserted
to the Kesselring’s selection matrix where each concept was graded, with a value between 1 and 5,

against each criterion. That grade was then multiplied with the criterion’s weighted value to give the
concept a score for each criterion, those scores were then summed up to give a total concept score.

In the Kesselring’s selection matrix, there is also a column that shows an ideal case whit the highest
grade and therefore the highest scores for each criterion and highest concept score. That ideal case
concept score was used to convert the other concept scores into percentages and finally the
concepts were ranked. When the evaluation with the Kesselring’s selection matrix was over, a
review of the result was made to verify the validity of the ranking and finally determine the choice of
concept.

3.5 Virtual prototype

After the final concept had been chosen it was drawn up in 3D using Creo. The measurements were
based on the dimensions of the original D16 oil pan.
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4. Results

In this chapter the results of the different parts in the methodology chapter are presented in
chronological order.

4.1 Research

Here follow the results from the research conducted during the degree project. The contacts that
were established before the research part could begin often appeared by chance which prolonged
the research part, the customer needs analysis and the final completion of the specification of
requirements. After a period, the contacts were established easier due to developed experience
regarding the subject who to ask for what.

4.1.1 Literature search
The literature search yielded some information on the oil pan and its usage in engines, this

information is presented in the chapter theoretical background, see page 4. No degree projects on
oil pans specifically were found but in adjacent areas a few were found regarding report structure,
due to similar projects, and manufacturing processes.

4.1.2 Benchmarking
As previously mentioned, the benchmarking was divided into internal and external benchmarking

and the results are presented below.

4.1.2.1 Internal benchmarking
The internal benchmarking yielded a few different solutions that already existed within Volvo group

but as either discontinued oil pans and oil pans fitted to different models or markets. The oil pans
found were an oil pan fitted for the American VN16 truck in cast aluminum, see Figure 10 and
blueprint in appendix G, the deep drawn sheet steel oil pan for the D13 engine, see Figure 4 and
blueprint in appendix C, and a cast aluminum oil pan for the bus engine 15X, see Figure 11 and
blueprint in appendix H.
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Figure 10 - American VN16 oil pan, Figure 4 - D13 Deep drawn steel oil Figure 11 - Volvo bus oil pan for 15X,
reproduced with permission from pan, reproduced with permission from  reproduced with permission from Volvo

Volvo group. Volvo group. group.

Both the American oil pan and the 15X oil pan has bulges on the sides to expand the inner volume.
The American together with the oil pan for the 15X engine also confirms that cast aluminum is a
viable option for the design. The metal oil pan for the D13 confirms that deep drawing is a viable
manufacturing method. This information was utilized later in the development of concepts and
material and manufacturing analysis.

4.1.2.2 External benchmarking
The external benchmarking was divided into two parts, one was meeting with the team of engineers

that perform benchmarking on products on the open market. This presented difficulties as the team
explicitly expressed the lack of time to put towards this project.

The second part was contacting other companies to see if they had had the same or similar
problems. Scania together with Mercedes-Benz, were less than eager to answer any questions
related to specific problems and solutions to those problems. Hence, no further information was
gained from the external benchmarking.

4.1.3 Customer needs analysis

Bellow follows the summarized information from all the interviews and meetings held with each
group of interest. The questions asked at and information gained from the interviews and meetings
can be found in whole in appendix D, F, | and K.

4.1.3.1 Supervisors and staff from AF & Volvo

Meetings and interviews were held with the supervisor from AF, Emil Pettersson, and the client from
Volvo, Lena Larsson, as well as one engineer of interest from Volvo, see questionnaire in appendix D.
This was to gain a starting view of the issues with the oil pan and the HCT project.
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The issue is, as mentioned before, that the oil pan is not durable enough for the terrain condition
very rough that some trucks from Volvo are used in today. The issue arose when the chassis of the
trucks were brought down, bringing the engine and the oil pan closer to the ground. This came as a
consequence from the HCT project since they aimed to gain more loading volume on the truck.

There is a department at Volvo trucks called Powertrain that are responsible for, and currently are
working on developing a new oil pan and this degree project is to serve as support for that project.
The solution that the supervisor from AF and the client Volvo sought was a new, more durable oil
pan.

4.1.3.2 Mechanics at Volvo

Two mechanics, Patrik Oscarsson and Tomas Gatenberg, see questionnaire in appendix F, were
contacted. One works with service of trucks in one of Volvo trucks workshops and one works at
Volvo trucks engine lab. The information that the product specifications for the oil pan and skid plate
bases of were gained from the mechanics mentioned.

An alternative oil pan that is used in the US was suggested as a solution, see Figure 10 and blueprint
in appendix G. A smaller geometrical analysis with a D16 engine were made with support by Tomas
Gatenberg as preparation before meeting with the geometrical architect responsible for the D16
engine.

4.1.3.3 Component engineer at Volvo Trucks

Meetings were held with the department responsible for the component, represented by Mattias
Blondell, see questionnaire in appendix |. From the meetings held, a survey was requested by
Blondell to establish how the oil pans break and how big the issue is today.

Blondell also shared the progress the department had made regarding the oil pan and what they
plan to change with the design. Some facts about the existing oil pans for both the D13 and D16
engine, were also gained from the meetings and demands for the future D16 oil pan, see the
specification of requirements in appendix J.

4.1.3.4 Geometry architecture engineer

A geometry architect engineer, Antonio La Sala, see questionnaire in appendix I, was meet with to
discuss what boundaries the new oil pan must follow to not disturb the surrounding components.
Several off-limit areas were shown in a virtual model of the oil pan, see Figure 12, with surrounding
components of interest, while also looking at opportunities for the redesign of the oil pan with focus
on the opportunity to incorporate bulges.

15



Figure 12 - Illustration of the oil pans position with off-limit areas, reproduced with permission from Volvo group.

The areas marked in red are the off-limit areas and the white area can be utilized for bulges. Area 1,
which depicts the attachment points, were not suitable for bulges because the screws has to be
vertically assembled. The same reason stands for the cylindrical containers in areas 2 and 5, the fuel
filter and oil filters respectively. In area 3, scuffmarks have been found but the cause of these marks
is still unclear. Scuffmarks has also been found in area 4 which comes from the front axle. In this
area, further clearance is actually needed in the future. Increased space is also needed in area 6 in
the future due to the nearby tube which makes the area not suitable for bulges.

The small space that exist in area 7 is also not suitable for bulges as the space that exist is a
minimum and cannot be decreased. The small space left that could contain bulges is in area 8,
directly under the hole for refill of oil. This would later show not to be defendable in a cost
perspective as Antonio La Sala also suggested during the meeting.

4.1.3.5 Haulage contractors & drivers

Five different haulage companies were contacted and interviewed about their experiences with and
thoughts about the D16 and D13 oil pan, see questionnaire in appendix K. The individuals that were
interviewed were either managers with driving experience or only drivers. One of the haulage
companies also operates a workshop.

The issues raised about the oil pans mostly regarded the D16 oil pan. One had experienced damage
on the D13 oil pan in the past. However, the workshop still receives customers with damaged D13 oil
pans, meaning it is still a current issue. Most of the damage take the form of cracks on the oil pans
exterior surface and in very few cases holes. It takes 1-3 days from the moment when the damage is
discovered until the truck has a new oil pan again.

The cracks occur during the fall or spring seasons of the year when the forest roads thaw and creates
ridges in the middle of the road. Those ridges are sometimes high enough that they scrape the
bottom of the oil pan which creates the cracks. In some cases, stone and debris are torn up from the
ground during thaw and later frozen stuck in a way that will impact the oil pan and creates holes.
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It also happens that the road will collapse underneath a trucks deck due to erosion of the road from
movement of water, which is high during thaw (The Independent, 2014) and in that way impact the
oil pan and create damage. In most cases when the damage occurs, the drivers either hears or feels
it and stops immediately to examine the oil pan. When arriving to the loading area, the drivers also
examines the oil pan for damage.

To aid the durability of the oil pan, they have only received the skid plate which no contractor used
for long. The skid plate only created more damage to the oil pan due to the debris that got stuck in
between the components.

There are some precautions that the contractors make to avoid damage. All drivers are to keep a
continuous sight of the ground when driving on risky roads, forest roads, and to all possibly means
avoid debris and ridges. Some trucks have air suspensions with different levels, depending on the
road conditions, that they use. However, this is a rather expensive add-on and not standard in the
trucks.

During thaw and rainy weather conditions, all drivers and managers must determine the safety of
the road before starting the ride, since there is no were to turn back until the loading area. They
must also refuse to drive during bad road conditions when faced with the lumbering company. A
good dialogue with the lumbering company is also a precaution since they are the ones responsible
for the forest roads conditions.

The solutions that the haulage contractors have suggested is to raise the clearance of the oil pan,
change the material of the oil pan to a more durable one and add air suspensions for all trucks with
different levels depending on the road condition. One even mentioned that the raised clearance
could be obtained by reducing the oil pans volume. Most contractors also stated that the oil pans
are too expensive and too fragile considering their cost. The cost of replacing the oil pan can vary
from - and - without the engineering cost, see questionnaire in appendix K. The haulage
company that also operates a workshop bills their customers - to replace an oil pan.

4.2 Specification of requirements

After all research was completed 20 different criteria was found and are presented below. For the
full specification of requirements table, see appendix J. The specification of requirements was later
utilized in the elimination-, Pugh's selection- and Kesselring’s selection matrix.

Criterion 1 — Hold specified amount of oil

After a meeting with Powertrain representative Mattias Blondell, see questionnaire in appendix |,
from the department that developed the original oil pan for the D16 engine, the demand was put up
that the oil pan must be able to hold 42, or more, liters of oil. As they are already in the process of
increasing the internal volume of the oil pan and therefore does not wish it to be reduced.

Criterion 2 — Weight

During a conversation with a mechanic, Patrik Oscarsson, the question of how much impact the
weight of the oil pan has on the ease of removing and mounting was posed. He said that it does have
an impact but not a large one. That is why it was weighted at a relatively low number.
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Criterion 3 — Resistance to oxidation

The D16 oil pan is today made from a SMC plastic and is therefore not in need of any additional rust
protection. However, if it was made from another material such as steel or iron, protection is a
must.

Criterion 4 — Removable
For the oil pan to be replaced or removed for maintenance of the engine it must be removable.

Criterion 5 — Easily removable

This would enable the mechanics to save time while replacing or performing maintenance on the
engine. Since the current oil pan is quite easy to remove as it is, this wish was not weighted too
highly.

Criterion 6 — Oil change compatible

The main function of the oil pan is to store oil. The oil serves various purposes while in circulation,
one of which is to serve as a dilutant for soot from the engine (Hellsten & Pettersson, 2018). The oil
must therefore be changed from time to time to keep up performance of the engine.

Criterion 7 & 8 — Oilmeter connection inlet & outlet (Inside & outside)

As mentioned in chapter two Technical background, see page 5, the oil levels are monitored through
the use of an oil meter. During meetings with mechanics, Patrik Oscarsson and Tomas Gatenberg,
see questionnaire in appendix F, it was explained that the oil meter is mounted on the bottom inside
the oil pan and a cable carries the information through a hole in the side. This hole has mounts on
both the inside and outside for sealingrings so that the oil does not leak out and impurities can’t get
in.

Criterion 9 — Tolerance of max/min interior pressure

During a meeting with a mechanic, Tomas Gatenberg, see questionnaire in appendix F, it was
revealed that there is a safety mechanism from which the screws attaching the oil pan to the
engineblock are designed after. If the oil and air inside the oil pan exceeds operating pressure, the
springs on the screws are supposed to compress and release the back part of the oil pan from the
engine block releasing the excess pressure. The pressure given by both Powertrain and Gatenberg
were guesses and they do not confirm each other. The oil pan must be able to hold this pressure
without sustaining damage.

Criterion 10 — Durable

The thesis, see appendix L, presented from AF describing the project included the words “The task is
to develop a durable oil pan [...]” which in itself describes why this is presented as a demand in the
specification of requirements. Also, the customer needs analysis, see page 14, concluded that the
customers wish for the same thing as the lack of durability causes them unplanned stops and in turn
loss of capital.
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Criterion 11 — Utilize existing attachmentpoints

This demand was presented by the project supervisor at AF, Emil Pettersson, and the client at Volvo
trucks, Lena Larsson, so that the finished redesigned oil pan would be as close as possible to a
working concept. This would allow for a physical prototype to be built and utilized in one of their
testveichles.

Criterion 12 — Height

As previously mentioned, the thesis for the project asks for a more durable oil pan. The main issue is
that the oil pan hits debris and scrapes the road while in rough conditions. The customer needs
analysis, see page 14, therefore confirms that one solution to the problem would be to raise the
clearance.

Criterion 13 — Defendable manufacturing cost

This demand was presented from the client at Volvo trucks, Lena Larsson, because if the new oil pan
was to be more expensive than the already existing oil pan it had to be more durable and/or have
other features that compensate for the higher price point.

To get approximate numbers of what a defendable manufacturingcost for the oil pan would be the
numbers provided by Powertrain, see questionnaire in appendix |, were extrapolated based on the
difference between the plastic D13 and D16 oil pans. This gives an increase of 33% with the change
to the bigger engine. The cost of the 15X oil pan, see Figure 11 and blueprints in appendix H, was
provide by Emil Pettersson. Together with the information provided by Powertrain and Emil
Pettersson it was possible to extrapolate the approximate value of what an oil pan from aluminum
and one from steel would cost, assuming that the manufacturing processes stay the same. This gave
an approximate value for both a cast aluminum oil pan and a deep drawn steel oil pan for the D16
engine. The end goal would eventually be to offer this tougher oil pan as an add-on to customers
who need it.

Criterion 14 — Cheap manufacturing cost

Connecting to the previous criterion; the oil pan should be cheaper than the extrapolated value as it
does not only make it possible to make a physical prototype, it would also give incentive to mass-
produce it.

Criterion 15 — Wear-resistant attachment points

During the meeting with a mechanic, Patrik Oscarsson, see questionnaire in appendix F, a problem
with the older version of the D16 oil pan from plastic was brought up. If a mechanic was to tighten
the attachment screws or the oil plug a bit too tight, they would dig into the plastic during runtime
due to vibrations from the engine running through the screws.

Criterion 16 — Isolated redesign

Due to the time limitations of the project presented in the introduction the product development
will be limited to the oil pan with only minor modifications to surrounding components. This is why
this criterion is presented as a demand instead of a wish.
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Criterion 17 — Uncomplicated solution

Establishing a new partnership with a company and fine-tuning a manufacturing process takes time
and costs a lot of money (Purchasing and negotiation training, 2010). By using the existing chain of

subcontractors with previous experience of the oil pan money can be saved and the time to receive
inventory can be reduced.

Criterion 18 & 19 — Maximum width and length

During a meeting with Powertrain, represented by Mattias Blondell, see questionnaire in appendix |,
the demand that the maximum width and length has the previous measurements was presented.
This was due to the complex design architecture of the truck.

Criterion 20 — Measuring stick inlet

The oil pan has two measuring methods for oil levels. One is the sensor previously mentioned and
the second one is the old-fashioned oil metering stick. This is for redundancy so that if one fails, the
second one still works. This method requires a secondary inlet in the oil pan that must be present on
a new and future oil pans.

4.3 Development of concepts
Below follows the result of the different stages that were involved in the development of concepts.

4.3.1 Functional analysis - Black box
With the oil pans product specification, see page 5, the functional analysis determined one main

function which was first described as to provide oil for lubrication and cooling to the engine and later
reduced to hold oil. With that main function, the subfunctions refill of oil, draining of oil and
measurement of oil came.

The oil pans system boundaries are shown in the black-box, see Figure 13 as the largest square
which depicts the oil pans main function hold oil. To easier understand how the oil pan provides the
oil to the engine the oils pathway in, through and out of the oil pan was also visualized within the
black box. The subfunctions could be depicted in the black-box image directly.
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Figure 13 - Black-box illustration.

4.3.2 Brainstorming
The results from the process of generating solutions and concepts are presented below.

4.3.2.1 Brainstorming solutions
After the brainstorming was completed three solutions was presented. The solution presented did
not take into consideration a specific material or manufacturing process.

Solution 1

Solution one, see Figure 14, is to reduce the inner volume with a larger percentage and utilize the
won volume to raise the clearance. This would increase the service intervals for the drivers but
reduce the number of unscheduled stops.

BACK SIDE
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Figure 14 - Solution one.

Solution 2

Solution two, see Figure 15, is to alter the position of the refill hole on the oil pan upwards as this is
allowed according to the geometry architect engineer, see questionnaire in appendix I. This would
allow the service technicians to refill the oil pan with a larger volume. However, the won volume
would be utilized to raise the clearance without compromising on the previous internal volume of 42
liters.
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Figure 15 - Solution two.

Solution 3

Solution three, see Figure 16, is to extend the lower parts of the oil pan to the sides effectively
creating bulges were extra oil would be held increasing the inner and outer volume of the oil pan.
The won volume would be utilized to increase the clearance of the oil pan without compromising on
the previous internal volume of 42 liters.

BACK SIDE

Figure 16 - Solution three.

4.3.2.2 Solutions to concepts
After all solutions had been generated, they were combined into concepts where one or more

solutions were present, as seen in table 1 below. This yielded 7 different concepts which are
presented below. The three different oil pans from the internal benchmarking, or versions of them,
were also added and are presented below as concepts 8 to 10.

Table 1 - Concept generating table.

CONCEPT GENERATING TABLE
CONCEPTS
SOLUTIONS e
1 X X | X X
X X R
3 X X | X | x

Concept 1 - Solution 1
Concept one utilizes a single solution, solution one, which entails that the oil pan in its general
features remains the same, but the volume of oil would be cut, and the clearance be raised.

Concept 2 — Solution 2

Concept two utilizes a single solution, solution two, which entails that the oil pan in its general
features remains the same, but the oil refill hole would be raised upwards allowing the oil pan to be
filled with a larger volume of oil. The larger volume would then be used to raise the clearance.
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Concept 3 — Solution 3

Concept three utilizes a single solution, solution three, which entails that the oil pan in its general
features remains the same, but bulges according to the allowed volume presented in the customer
needs analysis, see page 15, would be added to increase the inner volume. The increased volume
would be utilized to increase the clearance.

Concept 4 — Solution 1 & 2

Concept four utilizes two different solutions, solution one and two, which entails that the volume
would be cut and the oil pan has its refill hole raised. These two new properties would be utilized to
raise the clearance.

Concept 5 — Solution 1 & 3

Concept five utilizes two different solutions, solution one and three, which entails that the volume
would be cut and bulges would be added according to the allowed volume presented in the
customer needs analysis, see page 15. These two new properties would be utilized to raise the
clearance.

Concept 6 — Solution 2 & 3

Concept six utilizes two different solutions, solution two and three, which entails that the oil pan has
its refill hole raised and bulges according to the allowed volume presented in the customer needs
analysis, see page 15. These two new properties would be utilized to raise the clearance.

Concept 7 — Solution 1,2 & 3

Concept seven utilizes all three solutions, solution one, two and three, which entails that the volume
would be cut, the oil pan has its refill hole raised as well as having bulges according to the allowed
volume presented in the customer needs analysis, see page 15.These three new properties would be
utilized to raise the clearance.

Concept 8 — D13 Steel oil pan
Concept eight is the deep drawn steel oil pan for the D13 engine. The concept is considered an
extrapolated version of the original oil pan to fit the D16 engine.

Concept 9 — D13 Aluminum oil pan
Concept nine is a casted aluminum oil pan based on the design of the D13 deep drawn steel oil pan

but with design features of the 15X oil pan, without the bulges.

Concept 10 — American D16 oil pan
Concept eight is the casted aluminum oil pan for the American D16 engine.
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4.4 Evaluation of concepts
This chapter contains the result from the process of evaluating concepts.

4.4.1 Elimination matrix
Table 2 - The elimination matrix

li matrix for Oil pan
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The elimination matrix, see Table 2, eliminated most concepts due to their physical design as can be
seen for concept 1, 3, 4, 5, 6, 7 and 10. It was either because that the concept had decreased in the
volume which affected the amount of oil or that the concept had changed width with exception for
concept 10 which also failed in length and isolated design.

The concepts that remained after the elimination matrix, see Table 2, were concept 2, 8 and 9 where
concept 2 needed further data in the form of material and manufacturing choice. The evaluations of
concepts could only continue after a material- and manufacturing choice had been made.

4.4.2 Material- and manufacturing analysis
The results of the material- and manufacturing analysis are presented in this chapter.

4.4.2.1 Material analysis

First screening
From the large material tree found on level 2 in CES EduPack™, several material families were

k™ are categorized

screened out based on common sense. The materials cataloged in CES EduPac
according to the following families; Ceramics and glasses, Polymers and elastomers, Metals and
alloys and Hybrids: Composites, foams and natural materials. The criteria of common sense are for

example cost, durability, scarcity and capability for plastic deformation.

The family Ceramics and glasses was eliminated due to their brittle nature (CES EduPack software,
2018).

Polymers and elastomers were eliminated as it is the same family used in the old D16 oil pan made
from plastic. If a new oil pan is to be developed it should be more rugged and durable than the
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previous one. Elastomers are also not a suitable family for this application due to their high elastic
deformational properties as well as low integral structure (CES EduPack software, 2018). On top of
this information, polymers are a vast and complicated subject as there are near infinite variations

within a single subcategory.

Hybrids: Composites, foams, natural materials was a trickier family as it entails a large number of
combinations. First, all polymer hybrids were excluded for the same reason as previously mentioned.
Second, all foams were excluded because of their porosity which is not ideal in this application. Third, all
natural materials such as wood were excluded due to their porosity and their high elastic deformation

k™ database were

capabilities. Left were metalcomposities and the only listed material in CES EduPac
Aluminum/silicon carbide composite. This material was also excluded due its high price point (CES

EduPack software, 2018).

The last family Metals and alloys was divided into ferrous and non-ferrous metals. The materials excluded
from non-ferrous due to material cost were materials such as copper, gold and titanium. Other metals
were excluded due to their reactiveness, such as sodium and potassium (CES EduPack software,

2018). The materials left were both from the ferrous and non-ferrous subfamilies which went on to the
second screening.

Second screening

After the first screening, 10 materials were left for further evaluations. They were listed in a table,
see Table 3, with their values of certain material properties taken from CES EduPack™ (CES EduPack
software, 2018). The choice of which material properties that would be evaluated were based on
which criteria from the specification of requirements that would be affected by a material’s

properties.
Table 3 - Material analysis matrix, complete with values (CES EduPack software, 2018)
Material analysis - Values
Criterion Cost (4)| Weight (2) Durability (5) Durability (5) Oxidation (5) Durability (5) Durability (5)
Material property Price Density Shear strength | Hardness (Vicker's) | Resistance Stiffness (Young's modulus) | Yield strength
e SEK/kg | (kg/m~73)*1en3 MPa HV Lim-Acc-Exc GPa MPa
ni

Cast Al 17,5 2,9 350 150 Acceptable 89 330
Cast Iron, grey 2,52 7,25 448 310 Limited 138 440
Cast Iron, duct 2,52 7,25 830 320 Limited 110 680
Low carbon steel 5,7 7,9 580 173 Limited 215 395
Medium carbon steel 5,8 7,9 1200 565 Limited 216 900
High carbon steel 5,7 7,9 1640 650 Limited 215 1160
Stainless stell 48,4 8,1 2240 570 Excellent 210 1000
Low alloy steel 6,19 7,9 1760 693 Limited 217 1500
Age hardening Al 17,3 2,9 620 150 Acceptable 80 610
Non-age hardening Al 17,4 2,9 360 100 Acceptable 72 286

Criteria that would be affected by a material’s properties are as shown in Table 3 the materials cost,
weight, durability and resistance to oxidation. The material properties that followed from these
criteria were the price, density, shear strength, hardness (according to Vicker’s), resistance from
oxidation, stiffness according to Young’s modulus and yield strength.

When the values for the different materials properties were evaluated against each other they were
replaced by a grade from 1-10 where 10 is the highest grade, see Table 4 below. For some material
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properties, a low value did not correspond to receiving a low grade. The price and density are
properties which are desirable with a low value since it would lower the cost and weight of the
product which are wishes seen in the specification of requirements, see appendix J.

Table 4 - Material analysis matrix scores

Material analysis - Scoring

Criterion Cost (4)] Weight (2) Durability (5) Durability (5) Oxidation (5) Durability (5) Durability (5) |Score Rank
e Matersl popety Price Density Shear strength| Hardness (Vicker's)| Resistance | Stiffness (Young's modulus) | Yield strength

Cast Al 4 10 1 3 9 4 2 33 9
Cast Iron, grey 10 9 3 5 8 6 4 45 6
Cast Iron, duct 10 9 6 6 8 5 6 50 5
Low carbon steel 9 8 4 4 8 8 3 44 7|
Medium carbon steel 8 8 7 7 8 9 7 54] 3
High carbon steel 9 8 8 9 8 8 9 59| 2]
Stainless steel 3 7 10 8 10 7 8 53] 4
Low alloy steel 7 8 9 10 8 10 10 62] 1
Age hardening Al 6 10 5 3 9 3 5 41 8|
Non-age hardening Al 5 10 2 2 El 2 1 31] 1o|

The material properties that had high values and received a higher grade for that were shear
strength, hardness, stiffness and yield strength. The reason that high values for named material
properties are considered better for the oil pan is to obtain the most durable design in theory.

A high value for hardness is favorably due to the vibrations from the engine that will travel through
the screw connections during runtime and for resistance against wear from gravel that ends up in
between the oil pan and the skid plate. The oil pan will have to endure shear stress during poor
driving conditions that occurs on the forest roads, where it scrapes along the road. Therefore, a high
value for the shear stress is also desirable.

The stiffness according to Young’s modulus and the yield strength are connected and a high value is
also sought after for those material properties. A high value for the yield strength to have elastic
deformation for strong forces applied on the oil pan but also a high value for the stiffness to avoid to
large elastic deformations.

For the resistance from oxidation there were no values to base the grade on, instead CES EduPack™
rated the material’s resistance from oxidation as limited, acceptable or excellent. The resistance
presented was without any further protection or treatment. For the oil pan it is favorable to have a
material with as good a resistance as possible to minimize the cost of oxidation treatment. As seen
in Table 4, the highest grade 10 was given to the material with a resistance from oxidation rated as
excellent, grade 9 to those rated acceptable and 8 for limited.

All the grades that each material received for the different properties was then summed up to a
total score and as an end ranked 1-10 based on their score where one was the winning material. The
low alloy steel became the winning material according to the ranks, see Table 4.

Review

When reviewing the low alloy steel’s grades, its values vary from 7-10 for the different properties
meaning it is not the best performing material for all properties. To conclude that the low alloy steel

26



still is the best choice it will be evaluated against the best performing material in the categories
where the low alloys steel is not the highest graded material.

The low alloy steel has a grade 7 for the cost, see Table 4, and if compared with the best performing
in that category, which is the cast iron grey and ductile, you can see that they also perform better
than the low alloy steel in weight and has the same performance in resistance to oxidation.
However, they lack in all the durability categories almost by half which are all ranked 5 from the
specification of requirement compared to the cost and weight that are ranked 4 and 2 respectively.
The low alloy steel is a more favorable material even with a higher cost and weight.

For the weight category, the best performing materials are the aluminum alloys. They also perform
better in resistance to oxidation but have poor values in the durability categories and are also more
expensive than low alloy steel. Therefore, the low alloy steel is still a more favorable material due to
the low priority of the weight and that the resistance to oxidation can be increased with treatment.

Regarding the last two categories that the low alloy steel did not perform best in, shear strength and
resistance to oxidation, it is the stainless steel that is graded best for those. However, for the other
durability categories, it ranks lower than the low alloy steel and it has the highest cost of all the
considered materials and therefore the low alloy steel is the more favorably material choice again.

As the evaluation above and Table 4 suggests, the final choice of material is low alloy steel. This
material will be applied to all concepts without a specified material that passed through the
elimination matrix.

4.4.2.2 Manufacturing analysis
After the material analysis and the choice of low allow steel, different manufacturing processes were

examined. The manufacturing processes that were most prominent and widely used were additive
manufacturing, milling, casting and deep drawing.

Additive manufacturing

Additive manufacturing, or 3D-printing, is an up and coming field within manufacturing processes
due to its flexibility (Rexed & Skogh, 2018). It is ideal for concept confirmation through physical
prototyping (On Demand Rapid Prototyping overview, n.d.), but it takes time. The 3D-printed oil pan
presented in the degree project as an example for the report's thesis “The potentials within additive
manufacturing at Volvo Penta” by Linus Skogh and Filippa Rexed, would take three to four weeks to
produce, process and ship a done product of this nature (Rexed & Skogh, 2018).

The cost of the one unit previously mentioned would also be around 30 000 SEK, well above what is
financially defendable for this degree project. Additive manufacturing is an expensive manufacturing
process for a number of reasons including the slow speed of which the material is processed, the
need for specialized staff and the limitations of materials that can be used (Pearson, 2018).

Milling
Milling, or subtractive manufacturing, is just as additive manufacturing a manufacturing process
ideal for physical prototyping (Carter, 2017) but it's much faster. This is because removing material is
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mostly a question of how fast the routerbit can spin without tearing itself or the material. It would
however not be faster per unit than deep drawing.

The manufacturing process is, however, just as additive manufacturing, and an expensive choice due
to the large loss of material. Due to the design of an oil pan, the largest part of the material would
be cut making it an unnecessarily expensive process and this makes it an expensive process (Additive
Manufacturing & Subtractive Manufacturing | Pros & Cons, Applications, n.d.).

Casting

The advantages of casting are many. The geometries can be close to limited only by imagination, the
weight of a piece can be from a few grams to hundreds of tons and it is the best choice from a
financial standpoint since the cost will not differ with the amount of produced parts (Svensson &
Svensson, 2004). However, the disadvantages are also many as there are many kinds of molds.

For low alloy steel one-time sand molds are best suited (Svensson & Svensson, 2004) which gives the
cost no impact considering the size of the series. Instead every unit has a fixed price.

When casting, the surface finish is very rough when exiting the mold due to the use of sand molds
(Prakash, 2017). This is not an issue on the outside of this application but on the inside, it might
cause higher friction between the oil pan and the oil. This would reduce the flow speeds close to the
oil pan creating deadzones were the oil is stationary (White, 2016). The oil is supposed to work as a
coolant and a dilution medium for impurities (Hellsten & Pettersson, 2018) but if a percent of the oil
is stationary these functions will not be achieved.

The precision for which dimension can be designed when sandcasting is lower than any of the
mention manufacturing processes (Svensson & Svensson, 2004). In order to achieve desired design
properties a larger margin must be added in terms of the thickness of the finished product. This
would change the clearance of the oil pan.

The cost of casting is increased correlating to the melting temperature of the material used
according to the castingexperts that were consulted, see questionnaire in appendix M. As the chosen
material is the low allow steel, the melting temperature is between 1400°C and 1500°C (CES EduPack
software, 2018) while aluminum on top of its cheaper material cost has a melting temperature of
between 470°C and 670°C (CES EduPack software, 2018) which would make it much cheaper.

Deepdrawing

Deepdrawing has about as many drawbacks as it has advantages. This is due to its high initial cost for
machines, the large stampingtools, educating staff etc. (Daugherty, 2016). Luckily there are
companies that have all mentioned tools like for example the company that manufactures the D13
Steel oil pan, - All that is needed is the development- and production cost of the inserts for
the stamping tools. It is still a large expense but one that is reduced with the production of series, in
contrast with casting in expendable molds.

Disadvantages of deepdrawing a part is mostly in the development stage and consists of, but not
limited to; tearing due to overstretching or unintentionally using anisotropic material (Hageryd,
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Bjorklund, & Lenner, 2002). If a galvanized material is used, shedding, due to stretching the material,
can be an issue in aesthetic applications as it can create marks in the finished product (Adnan,
2009).

The precision of the manufacturing process is very high due to the small margins and high pressure.
The material used can be very thin up to about 6 mm (Hageryd, Bjorklund, & Lenner, 2002). The
process also curates the material through strain hardening when it is plastically deformed (Hageryd,
Bjorklund, & Lenner, 2002).

Choice of manufacturing process

Additive manufacturing is as mentioned a slow and expensive process therefore it is not viable for
this application. Milling, or subtractive manufacturing, suffers from the same disadvantages and
cannot be applied.

In the case of casting, it would be expensive as the melting temperature of the chosen material is
high. The lack of precision with casting would entail that the thickness be oversized which would
mean a heavier oil pan and that the clearance is diminished.

In the specification of requirements, the different wishes were all prioritized with a grade and the
one that scored the highest was clearance, second was cheap manufacturing cost. The conclusion is
that deep drawing would be the best suited manufacturing process as it provides a marginally higher
clearance for the oil pan. Its validity was also confirmed during the internal benchmarking.

4.4.2.3 Verification from expert
After the material analysis was completed and the manufacturing process was chosen, an expert in

the field of deep drawing was consulted to verify the validity of the conclusion, see questionnaire in
appendix M. She verified that the material chosen was ideal for the process and that the specific
steel grades |
_ would be ideal for deep drawing. The material properties were found in an internal
database, Tech Volvo, along with other information about the materials.

4.4.3 Pugh’s selection matrix — Concept screening
For the first iteration of the Pugh’s selection matrix, the original D16 plastic oil pan was used as an

index. This was to confirm that the concepts were better in one or several criteria. All the concepts
that continued from the elimination matrix were compared to the index on the criteria; 1, 2, 3, 5, 10,
12, 14, 15, and 17 from specification of requirements, see appendix J. These were all the wishes as
well as the demands that were beneficial if overachieved.

As criterion 1, hold specified amount of oil, is a demand from the specification of requirements, it
was assumed that the different concepts without a finalized design would be designed to hold the
specified volume. Criterion 2, weight, is connected to the finalized design of the product. Instead of
comparing the finalized weights, densities were regarded.
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Criterion 3, resistance of oxidation, was evaluated under the assumption that the oil pans that
required additional rust protection had been treated. Criterion 5, easily removable, is connected to
the finalized design and is not evaluated. However, it is interconnected with criteria 11, utilizing
existing attachment points. Considering that the existing oil pan uses 16 screws to connect to the
engineblock, see blueprint in appendix B, and the old attachment points should be utilized, there
isn't much possibility to make the oil pan more easily removable.

Criterion 10, durable, is connected to both the design, the manufacturing process chosen and the
material used. The materials durability is also a combination of various material constants. The
comparison only took the material into account. For criterion 12, height was considered. Here the
D16 plastic served as a reference level while concept 8 and 9 are considered to have the same, or
close to the clearance to the D16 plastic.

Criterion 14, cheap manufacturing cost, is hard to compare as no exact numbers have been provided
nor any quotes from manufacturers. Instead, the extrapolated values from the specification of
requirements was used, see page 17. Criterion 15, wear-resistant attachmentpoints, is connected to
the material properties and is therefore compared with data from the material analysis. For criterion
17, uncomplicated solution, existing products materials and manufacturing processes were looked at
to see if there were existing manufacturers that could be utilized to not have to create an entirely
new production chain.

As seen in Table 5 below, the index got a net worth of 0 but so did concept 2 and 9. Concept 2, as
well as 9, did however get the same number of plusses as minuses. It was concluded that this was
due to the change of material from plastic to low alloy steel.

After concept 8, altered D13 steel, scored lower than 0 it was reviewed to see if changes could be
made to the concept to make it score higher. It was concluded that height could be influenced by
utilizing solution 2, moving the refill hole upwards but that would make it too similar to concept 2.
Hence it was eliminated. Concept 9, altered D13 aluminum, was reviewed to see if any features
could be altered to give it a higher score. It was determined that utilizing solution 2, moving the refill
hole upwards, would give it a higher score on criterion 12, height. This effectively developed concept
9into 9.1.
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Table 5 - Pugh's selection mattrix, first iteration Table 6 - Pugh's selection matrix, second iteration

Pugh's selection matrix for Oil pan - Iteration 1 Pugh's selection matrix for Oil pan - Iteration 2
Criteria: Criteria:
[+] Better solution [+] Better solution
[-] Worse solution o [-] Worse solution o &
b= ~ © ) R ~ = )
[0] Equal solution - 8 8 8 [0] Equal solution 8 ] 8
o [ @ @ [ o @
o o o o o
2| &§| 85| § o §| 2| §
Criteria o o o o Criteria [*] o o
1. Hold specified amount of oil (5) 0 0 0 0 1. Hold specified amount of oil (5) 0 0 0
2. Weight (2) 0 E 4 2. Weight (2) 0 + +
3. Resistance to oxidation (5) 0 0 3. Resistance to oxidation (5) 0 + +
5. Easily removable (2) 0 0 0 0 5. Easily removable (2) 0 0 0
10. Durable (5) 0 + + + 10. Durable (5) 0 |
12. Height (5) 0 + 0 0 12. Height (5) 0 - 0
14. Cheap manufacturing cost (4) 0 - - | 14. Cheap manufacturing cost (4) 0 0
15. Wear-resistant attachmentpoints (5) 0 + + + 15. Wear-resistant attachmentpoints (5) 0 - :
17. Uncomplicated solution (3) 0 0 0 17. Uncomplicated solution (3) 0 0 0
Number of + 0 3 2 2 Number of + 0 3 2
Number of - 0 3 3 2 Number of - 0 3 2
Net worth 0 0 -1 0 Net worth 0 0 0
Ranking 1 1 2 1 Ranking 1 1 1
Further development YES |YES [NO |YES Further development YES |YES |YES

Going into the second iteration of Pugh’s for more conclusive results, see Table 6, concept two was
chosen as the index due to the superior durability. In the second iteration of Pugh’s all the concepts
received the same net worth but both concept 9.1 and D16 plastic scored worse on durability and
wear-resistant attachment points. Concept two did however score worse on both weight and
resistance to oxidation.

The decision was to put all remaining concepts through to the Kesselring’s selection matrix for a
guantitative comparison of the concepts.

4.4.4 Kesselring’s selection matrix — Concept scoring
Almost all criteria that were used during Pugh’s selection matrix were reused, the criteria where

concepts performed equally on were not reused. The criteria grading sheet, which gave each
criterion a weighted value to build the Kesselring’s matrix, can be seen below in Table 7.
Determination of which criterion that were more important than the other was based on the
weighting from the specification of requirements. The two criteria that received a weight of 0 were
changed to 1 as they still carry importance.

Table 7 - Kesselring's weighting generating matrix

Criteria 2| 3| 5| 10| 12| 14| 15| 17|Sum [Sum[%] |Given value
2| -/0,0/05/0,0/0,0/0,0/0,0/0,0| 0,50 0,02
3 -/1,0/0,0/0,0/1,0/0,5/1,0| 4,50 0,16
5/0,5/0,0/ -/0,00,0/0,0 0,000 050 0,02
10/1,0/1,0/1,0f -/0,5/1,0/1,0/1,0| 6,50 0,23

14 0,0/1,0/0,0{0,0f -/0,5/0,5| 3,00 0,11
15 0,5/1,0/0,0/0,0{0,5| -/1,0| 4,00 0,14
17 0,0/1,0/0,0(0,0/0,5/0,0f -| 2,50 0,09
Tot: 28 1

NIWIN O O|W| O

1
5
0
12| 1/1,0/1,0/0,5 -/1,0/1,0 1,0 6,50 0,23
1
1
1
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While grading the concepts in the Kesselring’s selection matrix, see Table 8 below, special
considerations and comparisons needed to be made since not all criteria had specific values to grade
after. These considerations and comparisons are explained below for each criterion.

When regarding the criterion weight it has been assumed that the D16 plastic oil pan is the lightest
and for the other two concepts their density was considered which made aluminum lighter than and
low alloy steel. The weight was also taken into regard when grading for the criterion easily
removable as a component that weighs less is easier to move around.

The criterion height regarded to approximately how much each concept has raised the clearance, no
specific values exist yet, but good assumptions can be made. No concept received the highest grade
however because of several redesigns that would yield an even higher clearance but could not be
made during this project but are still relevant for the future.

For the criterion resistance to oxidation the materials of the concepts were looked at. Since
oxidation is not an issue for the D16 plastic oil pan it received the highest grade and aluminum not
far behind due to its behavior to stop oxidation from spreading.

More criteria grades that were partly influenced by the material of the oil pan

was durable and wear-resistance attachment points which regarded the strength of the material as
mentioned previously. Cheap manufacturing cost and uncomplicated solution regarded the cost of
the materials and how much the existing line of manufacturing and distribution could be used. No
exact values exist for the cost here either, but extrapolated values from the specification of
requirements, see page 17, could be gained for the concept which gave an approximation on how to
grade the concepts.

Table 8 - Kesselring's selection matrix

Kesselring selection matrix for Oil pan

-

= ~ = o

= - 17 -

L Q. © Q.

£l e ol O ol & |0 @

dlol § (T 2 |T| 5 [T Z

. I/ o |8 § S| 2 |8 §

Criteria 20| B || 0 |G| & |G| O
2. Weight 1| 5 5| 2 2 5 5| 3 3
3. Resistance to oxidation 3] 5 15| 2 6| 5 15| 4 12
5. Easily removable 1 5 5| 4 4/ 5 5| 4 4
10. Durable 5/ 5| 25| 5| 25| 1 5 3 15
12. Height 5| 5 25| 4 20| 1 5| 4 20
14. Cheap manufacturing cost 2| 5 10| 2 4/ 5 10| 2 4
15. Wear-resistant attachmentpoints 3] 5 15| 5 15| 1 3| 2 6
17. Uncomplicated solution 2| 5 10| 3 6] 5 10| 3 6
Score 110 82 58 70
Percentage 100% 75% 53% 64%
Ranking - 1 3 2

The results from the Kesselring’s selection matrix gave concept 2 as the winning concept and when
reviewing the grades, the same conclusion is made since the Kesselring’s matrix already takes into
regard the importance of each criterion. From here on, development of the virtual prototype, which
is concept 2, will follow.
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4.5 Virtual prototype

This degree projects end product, see Figure 17, that came from concept 2 gave an oil pan with the
measurements of the D16 plastic oil pans blueprints, see appendix B, to make sure not to exceed the
allowed space in width and length, as the stated demand from the specification of requirements, see
appendix J. The details, however, were designed after the D13 steel oil pan since the final product
also will be manufactured in steel and the D13 steel oil pan is an approved and working design
today.

Figure 18 - Prototype oil pan, rearview. Figure 19 - Prototype oil pan,
frontview.

Figure 17 - Prototype oil pan.

Figure 20 - Prototype oil pan, right side.

As concept 2 suggested, the oil pans refill hole for oil was moved to gain volume and then later use
that gained volume to increase the clearance of the oil pan from the ground, see Figure 21 and 20.
Since the refill hole is located in the region were the oil pan is almost twice as long as the bottom
part, the height gained in the long part will be almost double in the bottom. When examining the
D16 oil pan, the refill hole should be able to be moved up to 4 cm in height which would give about a

7-8 cm increase of clearance from the ground.

Figure 22 - Prototype oil pan, left side -
section.

Figure 21 - Prototype oil pan, left side.

With this increase of clearance some changes will be needed for surrounding components. The
suction tube that pumps up the oil to the engine will have to be shorter since its original design
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keeps it very close to the bottom of the D16 oil pan. The manual oil measuring stick will also need to
be shorter and probably rescaled after the new dimensions of the oil pan and finally the cable
connected from the oil sensor to the output of the oil pan will also need to be shorter.
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5. Discussion

The task of this degree projects was to develop a durable oil pan for trucks driving in rough terrain.
This task led the project to investigate the questions “how should an oil pan with better durability be
designed?” and “how does the oil pan break today?” These questions gave the final solution for the
oil pan, with a new more durable material and an increased clearance, but it also raised new
questions.

As mentioned previously, the HCT project aims to reduce products CO,-emissons from transports
which ended with the risen issues of the oil pans due to the lowered clearance. This issue first
started with the D13 oil pan, continued with the D16 and both is still an issue today. The questions
that arose from this was if the reduced CO,-emisson of the shipped cargo is large enough to not only
compensate but also be large enough to make the increased usage of oil pans, which will produce
more CO,-emissions during production, negligible or not?

Another question of interest is why a plastic oil pan was developed for the specified road conditions
with the D16 engine when the issue of clearance already existed with the D13 oil pan, which has a
higher clearance than the D16. As mentioned previously, Powertrain requested a survey on how the
oil pan breaks today which implies that the contact to customers is highly minimized for the
department and therefore, they had no knowledge of how the existing problem occurs or a chance
to solve it. Maybe this is a fault that exists when working in a large company?

Among all the solutions that were sorted out, the solution that decreases the amount of oil in the oil
pan is one example where a customer's priority hasn’t reached the developer. It has been said
amongst haulage contractors that a decreased amount of oil would not be such a severe issue if it
raises the clearance of the oil pan. The intervals for oil change would, of course, increase with the
decreased amount of oil but a planned stop is better than an unplanned stop. A raised clearance
would also, if high enough, save the haulage companies the money they would spend to purchase
new oil pans.

Several oil pans with bulges exist today, as presented in the research earlier, in trucks and buses
produced by Volvo Group but none of them has made their way to the D16 engine in Sweden. The
geometrical analysis did show a small area were bulges could exist, but more areas are needed for
the application to be defendable. This would, as said before, involve the movement and the redesign
of several components in the undercarriage which succeeded the timeframe of this degree project.
However, it is still of interest to ask why not more resources has been put in to make these redesigns
for the trucks? Compared to other customer groups, the haulage contractors that drive in very rough
terrain is a smaller one which makes them not as profitable as others, however, the loss of that
customer group could be even more, less profitable.

When looking into how the oil pan breaks, it turned out that the oil pans bottom scrapes ridges on
the road and impacts stone or debris during thaw and when the road collapses. If the fact that
enough care of the road would erase most of the situations where the oil pan gets damaged is
disregarded, is the environment only to be blamed for the damage or could human error be the
cause? In the case of human error, even a steel oil pan would take damage if entering a road of bad
conditions, not as much as a plastic one but still significant.

Some drivers still enter these roads of bad conditions and as expressed among the haulage
contractors, some companies simply can’t refuse deliveries due to the financial strain it would cause
for them. This action puts the logging industry in a superior position and the choice to disregard the
conditions of the road because if one refuses to drive, someone else will take the job.
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A different view that some haulage contractors presented was that, sometimes, the refusal that
haulage companies makes to drive may not be because of bad road conditions at all but is a way for
them to avoid non economical trips. Suddenly, a perfectly fine road when only going 1-2 km in can
be undrivable when going 5-6 km in. These issues, between the haulage contractors and logging
industries, is not something that regards Volvo trucks directly or for Volvo trucks to solve, however,
it is a subject worth discussion due to its influence it has on the cause of damage for the oil pan.

The amount of time spent to map people of interest and reach them was a factor that hit the project
and consumed more time than whished for. This caused the elimination of testing the oil pans
durability in a virtual simulation which would have been interesting to compare with the existing
D16 oil pan durability.

However, an assumption that the redesigned oil pan is superior to the D16 oil pan can be made since
steel is a more durable material than plastic SMC. The questions if the steel oil pan will hold the
forces applied during drift, however, is unanswered but, as mentioned, the assumption that it will
perform better than the plastic SMC oil pan can be made with great confidence.

To round-off the discussion, the purpose for this degree project was met and a redesign of the oil
pan, with a new more durable material and an increased clearance, was developed.

Since the developed concept is to serve as a recommendation for a larger project at Powertrain, it is
not sure that the redesigns suggested will be in the final product. However, the project’s results are
still relevant due to the facts gained from the research and customer needs analysis that Powertrain
lacks and will need when continuing the development of the oil pan.
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6. Conclusion

This chapter aims to conclusively answer questions regarding the validity of the project as well as
presenting the experience gained from this project. Lastly, recommendations for further
development will be presented.

6.1 Result and validity of project

The oil pan developed throughout the project was connected to both Volvo Group and the end user.
From the customer needs analysis, the customer’s requirements were mapped out and the
specification of requirements was generated. The most important parts of the entire project were
the customer needs analysis and the brainstorming. The customer needs analysis brought up what
mechanics, Volvo Group and customer’s thought of the issue and allowed a fairly accurate
description of the issues with the oil pan. The brainstorming allowed for out of the box thinking
which is of tremendous importance in product development.

The project resulted in an oil pan, with further confirmation, could be used by Volvo Trucks as an
alternative to the plastic oil pan for very rough conditions in conjunction with the existing skid plate.

6.2 Experience

Tremendous experience has been gained from this project, not only from the existing tools of
product development but also from the non-existing. Previous product development project have
been pretty straight forward and with teachers present at every turn, so the tools presented were
the ones used. For this project the tools were implemented into a real scenario proving that it isn’t
always straight forward, instead tools were modified or completely redesigned to fit the needs of
the project.

The limitations for what the project was to entail was from the beginning non-existent and
limitations had to be created. It gave a true sense of what can be done in a certain amount of time.

6.3 Recommendations for further development

For the oil pan developed in this degree project to be utilized in an application it needs to be
analyzed in manors excluded from this project due to either time limitations or lack of expertise. The
project has been focused on developing the geometry of the oil pan and mapping the different
needs of both producer and consumer.

Strength analysis

The oil pan needs to be fully analyzed in terms of impact resistance and wear resistance. This is to
confirm the oil pans increased durability as well as that the design is the best choice.

Thermal analysis

The oil pans material has great properties regarding leading away heat from the oil when it exits the
engine, but it needs to be confirmed through a thermal analysis. This to ensure that the oil does not
get either too hot or too cold.
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Sound and vibrations

With the harsher and harsher demands of sound generating from vehicles in cities by government
and the EU, the oil pan must be tested for sounds and vibrations. This is to ensure that the oil pan
does not add to the noise produced by the truck.

Manufacturing process

The process of deepdrawing is complicated and heavily relies on the experience of engineers. To
fully develop the manufacturing process for this part, research must be done and tests must be
conducted. The surface finish must also be considered to allow the oil to flow freely.

To ensure a smooth and cheap process good relations with manufacturers must be existing.
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Appendix D

o Volvo har vigfirhdiondegrader som dr indelode i smooth, roegh, very rough och crosscoumtry.
Lasthilarma som kar med oljesumpen som ska forbittras kar i very rough vagfarhalionden.







Fran skadan som skapar ISckaget, hur lang tid tar det innan felet marks av?

o Beror pd hur alvarfig skadon dr, alt fran direkt til ndgra dagar senare
Hur lange ar fordonet funktionsdugligt efter skada?
o Antingen stop direkt eler flera manader om oljon firlls pd efter hand
Vid reparation, blir detaljen som ny och har fortfarande samma forvantade livslangd ?
o Ofika beroende pd hur olivardig skada dr
Behdvs speciella verktyg eller material for reparationen ?
o Mej stondaord verktyg som finns | normal verkstod rocker

Vid utbyte, finns detaljen att tillgd och hur Iangt tid tar det att f3 delen?

o Beror pd tillgang men bor ga pa ndgon dog/ndgra dogar, sumpen dr en standard komponent

Vid utbyte, vad hander med den trasiga detaljen?

o Kan logas eller sd sldngs/dtervinns sumpen beroende pd hur alvarlig skadan dr
Vid lackage | cljesumpen — vad ar den vanligaste stilltiden|reparationstiden) far fordonet?

o Byte tor cirka 2 timmar medans logning tar cirko 3 timmar

Lennart Cider (HCT).
Hur startade HCT projektet?

o April 2007 stortode projektet, Lennart och Lena kom in i projektet for ott det fonns ett behov ott
witveckia/effektivisera lostbiloma hos Vol
Vilka &r involverade | HCT projektet?
o Det finns valdigt manga aktrer inom HCT projektet och alla har sing drivirafter inom oliko
omrdden. Dessa omraden skulie kunna sorteras ner till:
LASTBILAR {Violwo, Parator, Wabco, S5AB, EXTE._ )
VAGAR [Trafikwerket, REV - Riksfareningen enskilda wigar, Kommuner...]

PRODUCENTER/TILI VERKARE [SCA, Storoenso, __]
TRANSPORT (D8 Schenker, DHI__)
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Hur ar staten/regeringen inblandad i HCT projektet?

o De styr vig sing myndigheter sdsom Troftkverket, Transportsstyrelsen, Riksdogens trafikutskott (VD
Anders Akesson, kan prota med, halso fran Lennart, viktig spelare i HCT)










Appendix E

Volvo Trucks. Driving Progress

FAKTABLAD

Vagfarhallanden

Rough 10ad conditions. oy 10ugh.

Lastvagnen dr optimerad for att passa den typ av vigar diér den kommer att
anvindas. Genom att utryttja parametem Vagftchallanden (Road Conditions)
underiattas specdikationen av ramtjockdek, hjulupphingning och andra
egenskaper.

Smooth road conditions (RC-SMOOT)
Fir fiantrafik pa valunderhalina och mindre valunderhalina viigar.

Rough road conditions (RC-ROUGH)
Fur kiirming pa daligt underhalina vagar och hardpackad sand eller grus samt
andra ytor av god eller dalig kvalitet.

Dessa fordon &r robusta och byggda for langvangt bruk under svéra
forhallanden.
Very rough (RC-VROUG)
Vigfurhalandena anses vara Very Rough ndr mer &n 5 % av den totala kijr-
stréickan forsiggar p& mycket daliga vigar eller 1 terrang.

WVOLVO

Yoive Tusk Cerparatisn

20120006 SWE Varsion 01
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Appendix F

Questionnaire — Mechanics from Volvo

Bellow follows imterviews and meatings with mechanics Voblvo in chronological order.

Frageformular - Mekaniker fran Volvo

Medan fdljer intervjuer och méten med mekaniker fran Volvo i kronologisk ordning.

Patrik Oscarsson (mekaniker YB)
Ga ipenom oljesumpens funktioner och delsystem.

o Inuti olfesumpen sd finns det ofjo som vio en pump, pumpas upp Gl moton, olion posseror genom
ett filter innan det kommer upp Gl motomn. Det finns en offetryckssensor/oljemdngdssensor som
sitter kopplod till motom i sumpen, det finns acksa hal far pafylining somt tamning ov ofja och en
witgang med en matsticka for monuell mitning av oljenivan

Vilka slags skador 3r det som sker pa oljesumpen?

o Haor mest erforenhet fron stalsumpar dar det skett korrosionsskodor frostskodor) men detta sker
mest i siutet av hela lasthifens livscykel 56 Gr inget alvarfigt fel. PG plostsumpen dr det nog mest hél
rokt igenom och sprickor men sprickor Gt nog inte ko vanfigt

Vilka skador gar att reparera och vilka gar inte att reparera pa oljesumpen?

o Man logor nog helst inte plostsumpar utan man byter ut dem. Platsumpar gar déremot att laga pa
olikn sétt och i omgdngar, allt beror pd hur offvarfig skadon &r. inbuktningar skofle man t ex kunng
trycka ut igen men det gdr bara ott gdng 0 manga ganger innan man utmattat moterialet § ett
specifikt omride s& pass mycket att det gdr hal. sprickor skufle man sdkerfigen kunna svetsa

Hur lang tid tar det att reparera/byta ut en skadad oljesump?

o Vildigt osdker, gissode pd samma som Emil P so. Se Emils frigor. Det han kon sago med sakerhet Gr
att det tar ldngre tid att byta ut oljesump pd en lasthil med luftfjadring dn blodfjadring da det &r
mer soker i wigen vid luftfiddring

Finns det ndgat mer som ni skulle vilja Sndra med oljesumpen?

o Man skulle kunnag ba en ofjesump med liknande uiseende som ndgra ov Volvos bussar dar
olfesumpen sitter bredvid motom och dr en torrsump istallet, dd har man en ofjetonk bredvid och en
pump som pumpar in ofjan | motorn

o Silen som gdr fridn botten i sumpen upp till motorn skofle kanske kunno varo kortore sd sumpen
skulfe kunma Bl mindre och dirmed &ka avstdndet melan mark och oljesump

Vilka andra problem férekommer med oljesumpen?

o Utmatining vid ovioppningshalet pga ov for hart atskrnvod oviappningsplugg
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=

Uimatining vid skruvfasteno pga vibrationer

Ytterligare diskussion med Patrick gav foljande information

=1

=1

kontoktinfo i kontaktformuldr
ska dterkomma med kontoktinformation til en verkstadsgubbe dir dem tagit ov sumpen sd man
kon se motorns undersido samt de komponenter som kopplar ihop motom och sumpen

Tomas Gatenberg {Mekaniker motorlabbet)

Ga igenom oljesumpens funktioner och delsystem.

o

Gatt igenom waldigt noga, se skriven produkispecifikation

Hur fungerar oljesensom i lasthilarna, visar den oljetryck eller oljemangd? Mar far foraren vaming

om minskad oljemangd/oljetryck?

=3

Offesensor visar temperatur och oljenivd. informationen lagros kontinuerfigt sa den ska kunnag
skicko varningar ndr som till féraren samt att motomn hinner reglera sig och satta igang eventuelo
sakerhetssystem

Vilka slags forandringar hade du vilja géra med oljesumpen?

Om ndgot skulle dndras s@ sko de var att dka velymen pd sumpen for att oka serviceintervallen, just
nu servas iosthilarma var 10 000 mil. Man sko ohsolut inte dndra konstruktionen pd det sattet ot
bredare istillet sd samma volym erhdfls, ffans i LUsA och kollas privasump.

Man skulle kanske kunna vrida pa dogen sump och monters den amvant, man kan enkelt montero
om sugriret for det finns redon fisten fir det pa allo motorer

Ytterligare diskussion med Thomas gav foljande information

=

Kolla pd oluminiumsumpen som finns idog (VN16), pd en amerikansk lasthil finns en sump som Gr
exgkt som D16 i Sverige, méjligtvis lite bredare, som man skolle kunna anvinda direkt. Den sitter
baro omvint pa den amerikanska men den ska ga att montera direkt pd den svenskao lastbilen
Det finns ett sdkerhetssystem som dr kopplat till offjesumpen och det dr fiaderskruvfarbonden. Om
ett dvertryck byggs upp i motorn (biubay] och sumpen si will man siippa ut det trycket pd den kalla
sidan ov motorn vilket dr nere vid sumpen pd den bakre delen [smalo delen av sumpen i wart foll].
54 fidrarma dr dimensionerode pd det sdttet ott ndr trycket dverskrider sitt max [Tomas gissor pa
cirka 0,5-0,6 bar] sa sidgpper sumpen fran motorn i det némnda fastet och trycket slapps ot, sen
stings det igen.

Pd oluminizm och plost har du en gommitdtning som sitter i ett spdr i sumpen, det &r inte
detsomma pd en pldtsump. Ddr r det en bred titning istdllet som har smad “gummipluggar” som
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ska dras igenom hal som finns lGngs Gverkonten pd sumpen, detta fér o tdtningen sk kunno
CEentreros

o De kolvarng som roterar vid forbranning/expansion som sitter pd vevaxeln nuddor ej oljan

o Fick med en 2D ritning pa den oluminiumsumpen vi sig idog, det va en D16

Tomas Gatenberg (Mekaniker motorlabbet)

Forberedonde mate infor métet med geometrignsvarg Antonio Lo Sala

Oscor & Mong fragonfkommentarer
o Vil begransningar finns det far utbuktningar hos ofjetrdget pga andra komponenter?
o Vilko begransningar finns det fir utbuktningar hos ofjetrdget pga monteringskrov (krov pd
wirymme wid montering?

Tomas Gatenberg frogor/kommentarar
o Oljefilter, brinslefilter, vattenavskiljarfilter for briinsle, fiste till lodd luftrér frdn turbo och frdmre
motorfaste or kemponenter som kan storas ov vibukiningoma
o Man behdver kunna sig hal pd oljefiltren underifrin och skrowa ov dem men det ska finnas plats att
mentera av dem trots utbukiningor. Oljefiftren sitter cirka 80 mm fran motorblocket och gangan &r
20 mm
Owrigt/slutsats frdn motet
o Spedifikationer fir oljemangder finns i separat mapp
o Se hilder pd komponenter i separat mapp
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Appendix |

Questionnaire — Component & geometry engineers at Volvo

Bellow follows interviews and meetings with component & geometry engineers at Violve in
chronological order.

Frageformulir - Komponent och geometriingenjérer hos Volvo

Nedan foljer intervjuer och moten med komponent och geometriingenjirer hos Volveo i kronologisk
ordning.

Mattias Blondell & Magnus Nilsson (Komponentansvarig respektive Project managing
engineer)
Mona & Oscor frigor/kommentarer
o Frigor som stilldes kom fran frageformular £1
Mattias & Magnus fragor/kommentarer
o Wiharen lag kunskap om hur sjdlva skodoma uppstar och frdgar dérmed om en genomgdende
undersdokning hos somitliga kunder for att byggo upp statistik kring hur vanligt problemet med
oljesumparng ar
o Depd Powertrain som arbetar med olfesumpen vill forsakn tillverka den i aluminium men har
frogetecken kring materiahwal pgo de problem som uppstatt kring olfesumpen. Ddrav Gnskas en
undersakning om hur sumpen gar sdnder

Owrigt/slutsats frin matet

Frageformuldr #1 - Mattias Blondell & Magnus Nilsson

Hur tillverkas cljesumpen for D13,/D16 i de olika materialen som anvands idag?

Har Volvo nagra krav/Gnskemal pa vilken tillverkningsmetod som den framtida ofjesumpen fér D16
ska tillverkas pa?

o Det finns inga krav pa tifverkningsmetoden. Detta pd grund ov blondade faoktorer
1 Vol tillverkar dem inte sjghva vitket innebdr ot de inte har investerat i storo maskiner
eller verktyg utan det stdr leverantdren fir



2 I dogsidget sitter det tre oliko sumpar pd D13 uton ait orsoko nogro problem da somtiiga
sumpar anpassots fior perfekt passform
o Detendo Volve dnskar dr en mer robust sump som klorar ov sing utmaningar

Har Volve nagra krav/6nskemal pa vilket material den framtida oljesumpen for D16 ska tillverkas i?
o Somma svar som tidigore frago. Volve har inge krav widver relotivt sjalvidara som till exempel att
den inte fir géras | miljoforiigo material. De flesta moterial vi kommer rira oss runt ar helt okej

Har nagra stresstester utfirts pa oljesumpama i 013 ech D167 Om ja, hur fungerar dessa tester och
vad har man fatt for resultat?

o -

Har nagra simuleringar (FEM) gjorts pa sumparmna i D13 och D16? Vem har gjort dessa och kan vi
komma i kontakt med dessa?

o Jodet har det gjorts men vi soknar ett nomn pd wem som har giort den
Finns det nagra riktvirden pa max/min oljetryck i oljesumpen?
o Offetrycket i oljan i sumpen dr waldigt naro atmosfarstryck, ddremot sa har den oljeblondode huften
som & ovanfar sumpen trycksott. Sumpen ska siippa pd kall-sidan vid cirko 25-35 kPa afltsd 0.25-
0.35 ATM vilket ar relativt [ite. Men det verkor skruviforbanden to hand om
Finns det nagra riktvirden pa oljesumpens dimensioner, storlek och vikt?
o Inuldget siger Mattios, ontogligen for att han inte vet, git de yitre dimensionerna far varo i
enlfighet med den existerande ofjfesumpens ytire dimensioner
Finns det ett volymminimum som oljesumpen far ha i storlek? Alitsa hur lite far maxvolymen vara pa
mangd olja i oljesumpen?
o -
Finns det nagon produktspecifikation/lravspecifikation for D13 samt D16 i de olika materialen som
vi kan fa?
o Wi fick ritningar men inga kravspecifikationer
Finns det nagra skaderapporter gallande oljesumpen som vi kan fa?
o Protus, men det beddmer Muattios varg wardeldst
Finns det nagra andra problem med oljesumpen §n det som uppstar ndr den kolliderar med ting pa
vigen?
o Nej
Har ni haft kontakt med andra foretag med liknande problem med oljesumpen som ni har och bytt
information mellan varandra? Isafall, kan vi fa ta del av den informationen?

o MNej

Vad fér slags farbattringar har gjorts fér att minimera skadoma pa oljesumpen i dagsldget utdver
hasplaten?

o Inga
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Ar det Volvo trucks som tillverkar samtliga sumpar eller 3r det ett externt firetag?

om externt faretog:

Uteslutande externa foretag vad kostar det att tillverka D13 samt D16 oljesumpen i de olika materialen idag?
o De siffroma soknas for det dr externa faretog

Uteslutande externa foretag vad kostar det att kipa in D13 samt D16 oljesumpen i de olika materialen idag?

om Volvo trocks:
wad kostar det att tillverka 013 samt D16 oljesurnpen i de olika materialen idag?
s -

Gentemot vad oljesumpama kostar idag ide olika materialen, hur mycket mer far en nykonstruktion
kosta? Allts3, vad ar takkostnaden?

o -
Finns det nagot mer som ni skulle vilja 3ndra med oljesumpen idag?

o Mej

Frageformular #2 - Mattias Blondell & Magnus Nilsson

Max- och min volym pa olja i oljesumpen ndr den nyligen dr pafylld, alltsa hur manga liver? Har fatt
siffror fran Tomas Gatenberg enligt bild nedan, stimmer dessa?

o -

D13 sumpen far en dkning pa 33 96,-, i kostnad nar det gar fran plast till stal. Ar det imligt
att anta att 16 sumpen borde f3 en prisGkning pa 3396_- ocksa?

o -
Hur mycket extra kostar en D132 oljesump i plat jmfart med en i plast?

o D13 sumpen far en dkning pa 33 _ i kostnad nar det gar fran plast till stal
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Vid en tidigare mejlkonversation ska en kravspecifikation fir D13 plastsump ha bifogats men det
gjordes ej, kan vi fa denna?

Enlizt Thomas Gatenberg (Mekaniker motorlabbet) ska oljesumpen sldppa pa den kalla sidan vid
dvertryck | motorn och sump. Vi har fatt en gissad siffra fran Thomas men skulle gima vilja ha en
exakt siffra pa det trycket

o -

Har nagra simuleringar gjort i FEM far nagon av oljesumpama och skulle vi i 5a fall kunna fa tillgang
till dessa eller namn pa den som utfart dem?

o -

Antonio La Sala (Geometriansvarig)

Mdatet med Antonio Lo Sola handlode om att s2 vilka mdjligheter det finns med konceptens
konstruktion.

Oscar & Mona fragor/kommentarer

o Wisode upp koncept dir stbuktningar har logts till och pafyliningshdlet har fiyttots somt den
omernikonsko sLmpen
Vil begrinsningar finns det for utbuktningar hos ofjetrdget pgo andra komponenter?
wirymme wid montering?

o Slutfigen, wvem har sista ordet gallande dimensionema pa oljetraget konstruktion? Antonio, Mattios
eller ndgon annan?

Antonio Lo Salo fragorfkommentarer

o De omrdden pd sumpen som dr belt off imit &r den smalare bokre delen som ligger kring frommeein,
man har redan upptickt skropningar pd sdnket narmast framaxeln som indikerar gt mer utrymme
antogligen kommer behévas. Pa den bredare delen langst fram pd sumpen finns en inbuktning pa
ena hamet som antagligen kommer dkas Gnny mer pga rir som sidr i

o De omrdden pd sumpen som gar det komplicerat far uthuktningaor ér infastningar, olfjefiltren ach
brinslefiitren. Pa vissa lastbilar dven CVV-raret ddr luft kommer ot

o De omraden dir det kan finnas space att utnyttja & en bit langst fram pa sumpen vid s@nket och pa

o Wisso omrdden kan komma att @ndras vio Powertrain sdsom Mngre oljefilter och onnoviunda
oljesensor

o Man behéver ocksd to varo pd matorrarelse under kéirning men det dr en roterande rarelse

o GTO [Group trucks opergtion] samt Vodvo Perta med flera anwdnder i vissa foll somma oljesump
men har ondro geometriska krav vilket man kanske behdver to hansyn &ill

o Pdfyliningshalets skang/rar ar flexibel 50 geometriskn fordndringar till dess plots ar majligt. Det

fabriker. De fd utrymme som ar kvar kommer inte ge en tillrackligt stor fordndring pa frigang for att
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rifttfirdiga en sa pass komplicerod /asning med dndrad tilfverkningsprocess. 54 ldnge sumpen haler
motomns infastningspunkters dimensioner i ifngd och bredd sa ska det inte vorg ndgra problem vid
montering ov motorn
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Appendix K

QOuestionnaire — Haulage contractors & drivers

Below follows interviews and meetings with customers from haulage contractors, previous and
current truckdrivers chronoclogical order.

Frageformuldr - Akerier & Firare

Medan faljer intervjuer och maten med akeridgare, fire detta samt nuvarande lasthilsfarare i
kronclogisk ordning.

Marina Thyberg (Thybergs Akeri)

Hur fungerar oljesensom i lasthilarna, visar den oljetryck eller oljemangd? Nar far firaren vaming

om minskad oljemangd/oljetnyck?

o oljesensom vamar féraren ndr offermdngden bérjor bl for g, a8 om det blir ett hal och ofjon bdgor
lidcka wt varnas firaren vildigt snabbt men om det & en mindre spricka kon det to en [dngre tid da
oljan inte rinner ut sa snabbt. DG mirker oftast faroren ett oljeldckoge ndr man kifver ur lasthilen

Kir mi nagra 13iters lasthilar fran Voho med plast samt platsump?
o  Kir 013 i plast, visste inte att det fonns § plat
Har ni haft n3gra problem med sumparna pa 13-liters?
o Inte alls i samma mingd, det G ndstintill bora sumpen pd 16-liters som gar sander
Hur Iinge har ni haft problem med sumpama pa 16-liters?
o Sedon 2012 vilket vor dret da dem kSpte in lastbilorno med plastsump
Vad fdr slags problem har det varit med sumparna?

o Sumpama har sprockit pgo direkt kontakt med mark eller saker ovanfor mark, detto har warit nar
de kir i skogar. Vid minsta lila stat sa blidos en sprickbildning direkt. Hor odksa biivit hal

Har ni ndgensin fatt motorhaveri pga. trasig sump |oljelidage)?

o Nejwi har aldrig fott motorhaveri pga ofjelackoge men det ar for att vi har sa observanta forare
som reagerar och stannar ach ondersiker sumpen sd fort en warming ges att oljemangden gar mer.
om de kir pd ndgot 54 stonnar de ocksd och undersdker sumpen. De hor varit foll dir de behivts
bérgas till verkstad for att de inte ricker med att fyllo pd oljan ach kira sjik tll verkstoden

Vad hander fore, under och efter skada?
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o O féraren noterar ott hindret pd viigen som inte gadr att ondviko eller farffytto sd farsaker de kiro
vidare och hoppas pd det bista. Om de kdnner av ot det sidr i 53 gdr de ut och undersdker sumpen
med en gang. Det finns inte utrymme ott vinda férens lastplatsen

Hur arbetar ni for att firbygga skador vid riskfyllda vagar?

o Vid vilkdnda vigar som har riskfyld vaglag for sumpen sa skickor akeriet andra lastbilar, med

nommalhdjd som inte ingdr § HCT — projektet
Hur upptacker ni skadoma?

o Antingen marker foraren det direkt genom att de kanner sloget mot sumpen, hor knoppast att de
kiir pd hinder. om det biir smdsprickor 5@ marker de oljelGckaget nir de kfiver ot or lasthilen fr
av/pd lastning eller sa uppticks skodan fér att ofjesensom vamar foraren om Idg offeniva

Har ni skidplate (hasplat) under era sumpar pa era 16-liters?

o Jovihar haft hasplat under sumpama men inte IGngre, wi tog bort dem for det gav mer problem &n
nytio

Har det blivit battre eller sdmre med skidplate?

o Det blev sdmre med haspldten far det fastnode smasten meflan sumpen och haspidten som kag och
nitode mot sumpen. Vi war tvungna oft varo voksomma pd detta och skruva loss haspldten emelian
at fir att ta bort smidstenan

| vilka slags terranger kor ni i {langst?)?
o Wikir ju rundvirkesbilar s vi kir ingst 2 till 3 km i skogen. Resterande strickor ki wi pd stirme
vdgar [asfalt)
Vid villkea tillfdllenf/omraden gar sumpen sénder mest?
o Skogswigar
Hur lang stopptid far ni ungefar vid skadad sump [uppticker skada->kdrduglig lastbil)?

o De gdrsom snobbast 1 dog och som ldngst 3 dagar innan wi kir igen. Det som tar tid ar att

kira in och byta sd tor det barg ndgro timmar
Vad skulle vara idealldsningen fdr er?

o Ett materiol som tdf smalar, alitsd som bara budklas till vid kollision istdllet for ott spricka eller gd

hal direkt
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o Om man kan liso sd sumpen inte gdr vnder drivaxeln wton satt ovenfdr sa skolle det inte waro
ndgon risk far kolfision
Finns det nagot mer ni skulle vilja dndra med sumpen?
o Nej
Vilka slags kostmader far ni sta for vid skada pa sumpen?
o Det biir knstnoder pga av stillestdnd, vi far ocksd betala fér en ny sump som ligger pa crkol N
Yeterligare diskussion med Marina gav foljande information
o De kir kasthilorng frdn 74 tons-projektet som har medium chassi, detto innebdr att de var g till
ott borja med och har bivit @nnw lagre pgo ytterligare sankning som bidraget till problemet med
sumpana. De kommer ef kopa in fler medivm chassin tills en lasning med sumparna har skett
o Nir losthilsfdrorma kér den 2 - 3 km strickon ute pd skogsvidgama eller riskfyfida vigar generelit sa
har de iblond forsakt hajo med luftfjadringen for ott undviko kollision. Detto orsakar dock
problematik med styrming och viktfardelning som &r en sakerhetsfraga
o Om det dyker upp sten eller knode pd wiigen som inte gir ott kringgad sa forsaker farorma flytto pa
objekten men ibland kan de waro berghdllor som sticker upp och de kon de inte hocko bort

Christer Nilsson (Holger-Nilssons Akeri)
K&r ni nagra 13diters lasthilar fran Volvo med plast samt platsump?
& Kir D13 fortforande i plast
Har ni haft nagra problem med sumparna pa 13-liters?
o Nej
Hur ldnge har ni haft problem med sumpama pa 16-iters?
o Kirde frsta D16 inom HCT-projektet 2008 som var blodfjidrode sd dar birjade problemen. Kor inte

Vad fdr slags problem har det varit med sumparna?

o Det harvarit enbart sprickbildningar, inga hal, som har uppstatt far att sumpen staper/skropar i
vilgen pga av tidllosning. Detto sker fromfaralit pd waron och hdsten, sa under vintern &r det aldrig
problem och pd sommaren dr det lite problem baro

o Sprickbildningarna har ocksd uppstatt nar fromaxedn skrapar § och grus/sten flyger aver och triffar
fromsidan pd sumpen. Vi har kdrt sénder cirka 4-5 sumpar
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o Detdr oftost skodor pd fromsidan

Har ni nagonsin fatt motorhaveri pga. trasig sump |oljelickage)?
o Nej

Hur arbetar ni for att forbygga skador vid niskfyllda vagar?

o Omvivet med oss ott den wig vi sko kano ut pd ar riskfylld for det varit kraftigt regnedder s kor vi
heit enkelt inte farens vi eller andra hinner grusa wagen. Men om vi redan pabarjat karmingen sa
finns det inget atternativ dn att kiro igenom och hoppas v tar oss from. Wi kir pd oliko wagor hela
tiden sd kon ej férutspa problemvdgar

Hur upptacker ni skadoma?

o Vihérnar det skrapar i och dd gdr vi ut och undersdker direkt

o Det gdr aldrig s ingt att oljesensom hinner varna for Idg offeniva
Vad hander under och efter skada?

o ©m vi kan kiiro vidare sd gar vi det, alle skodor som skett hor vi kunnat reparera tillfdllige med
plast-inpaddning. Det &r som ett jGttegummi som man tacker aver halet med

Har ni skidplate [hasplat) under era sumpar pa era 16-liters?
o Haft haspidten pa provbilen
Har det blivit battre eller samre med skidplate?
o sdmre, hor den inte lingre
| vilka slags terranger kar ni i {langst?)?
o Mest gruswigar vi kar pd, en liten bit ar skogsvagar
Vid vilka tillfillen/omraden gar sumpen sGnder mest?
o Skogswigar for att skogstraktomn dror sénder wigen efter tjiillossning
Hur Iang stopptid far ni ungefar vid skadad sump [upptacker skada->kirduglig lasthil)?
o Om man hinner bestdlla en oljesump innan 16 pd en vardag 53 far verkstaden oftast in den 6l nasta

dag och kan fixa bilen s& 1-2 dygn innan den dr kirduglig igen. Har kunnat lagat provisoriskt tills
verkstaden fdr in en ny sump

Vad skulle vara ideallGsningen fdr er?
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o ANt hdjo upp sumpen, gdra den mindre efler plottare. Just nu servor de sin bil vid 2000 mil vilket de
kommer upp pd 2 manader. Om det intervallet skulle dkas pga minskod olfemdngd tills sag 1
manod s hode inte det warit ndgot stéme problem

Finns det ndgot mer ni skulle vilja Sndra med sumpen?

o mmfﬂiumgnﬁrkhﬁMRgﬁth M&tﬂkﬁgtfalsﬁﬂaﬂ,h’am
observation

Vilka slags kostnader far ni sta far vid skada pa sumpen?
o -fﬁ'jﬁknsumpenphsﬂﬂimﬁidndl verkstodskostnoader

Ytterligare diskussion med Christer gav féljande information

Torbjdrn Bennedsved (akeridgare, kirt forr, verkstad)

K&r i ndgra 13iters lastbilar fran Violvo med plast samt platsump?
o  Kir D13 plast (64-ton)

Har ni haft ndgra problem med sumparna pa 13-liters?
o Nej

Hur linge har ni haft problem med sumpama pa 16-fiters?

o Serinte problemen med sumparna som ett stime problem fér baro blvit en skoda en gdng. Men har
manga kunder il wvdr werkstod som kommer in afta och dr tvangna och byta, dess kunder kir D13

plastsumpar [notera att de da ér vanlig frigang!!). Problemen bérjode far kundema far 4-5 ar
sedan

Vad fir slags problem har det varit med sumparna?
o Viharskrapot | sumpen en gang bara, gav en 7—8 om ldng spricka som var harfin § tjockleken. Vdra
kunder far problem oftast wid tjdlossning och det ar enbart sprickor de kommit in med, aldrig hal
Har ni ndgonsin fatt motorhaveri pga. trasig sump |oljelidage)?
o Nej

Vad hander under och efter skada?
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o Vihar bora skodat wir sump en gang och dd va de oljebldta precis vid sprickan som widr mekaniker
upptickte vid veckounderhallet, en grej som ingar i HCT projektet ar ott skicka doto om lasthilen
vilket inkluderar veckounderhall. Alltsd mirkte inte war forore av skadan

o Maon kan loppa ihop sprickor provisoriskt med plaost-inpaddning tills man byter ot sumpen hos en
verkstad

Hur arbetar ni for att férbyega skador vid riskfyllda wdgar?

o Vihdjer lasthilarna till max vid daligt viglag, skogsldge far fjadringen, och enligt mig sd kan man
s0m en erforen farare fretspad att om bérjon av skogsvigen dr dalig s0 kommer resten varg det
ocksd. Om det &r fir daligt wiglog sd kir vi helt enkelt inte. se vidore diskussion kring detto dmnet
Id@ngre ner

Hur upptacker ni skadoma?
o Viupptackte pga war veckokolN med mekonikem. Sen gar vi en doglig check dir vi monweilt kollar
olfenivdn pd wirg lasthilar det forsta vi gor pd morgonen
Har ni skidplate (hasplat) under era sumpar pa era 16-liters?
o Har kart med haspldt men gar det inte langre
Har det blivit battre eller samre med skidplate?

o Sdmre, det kommer grus emeNan och det tar fdr lang tid att to bort haspldten fdr att rensa gruset
och tar for lang tid vid av/pafylining av oljo samt byte av ofjefiiter. Vi karde aldrig pd nagot sd va
aldrig att haspidten slog | ndgot ach fick en inbudkding

| vilka slags terr@nger kr ni i {ldngst?)?
o Mestadels & asfolt/byvayg [grusvdg) och valdigt Ften del ar skogswag. Skillnoden mellan byvagen
och skogswigen dr ott man hywlar och skdter bywagen konstant
Wid vilka tillfdllen/omraden gar sumpen snder mest?
o Skogswigen
Hur lang stopptid far ni ungefar vid skadad sump (uppticker skada->kirduglig lasthil)?

o For varo kunder Gr 1-2 dygn. Om man kommer in tidigt pd morgonen sa hinner man fa sumpen till

eftermiddagen. Sjaha bytet tor inte mer an 3 h
Vad skulle vara ideallG=sningen fir er?

o Det bisto hade warit att garo sumpen mer hailbor, annat material dar inbuktningar sker istallet fér

sprickor
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Finns det nagot mer ni skulle vilja ndra med sumpen?

o Man kan ju andro om sumpen som uppenbarligen inte haller for viglaget ska kosta sa mycket att
ersatta? Chassit or ju foktiskt gonsko biligt [s5g 2 000 000 kr] men reservdelar, reparationer och
service dr far dyrt. Volvo borde géra det billigare eler chossit dyrore och ha mer hallbara
komponenter

Vilka slags kostmader far ni sta for vid skada pd sumpen?

Yeterligare diskussion med Torbjorn gav foljande information

o Ndr det giller viaglaget pa skogsvigorna sa ar det faktiskt skogsbologen som ansvaror for att det
ska halla en viss standard/kGrkiass. Detto star t om i kontrokten som akerierna skriver med
skogsbolagen. Alitsd sko skogsbologen bestilla grus far ott gruso vagarna, § manga fall levererar de
akeriet som kar timret ot dem gruset. Men ofto dr det sa ott dem inte skater detto och man
kommer ut till skogswagen och det dr aldeles for dalig.
1 vissa foll mérker man det direkt och § andra fall kir man igenom skogswagen, 03 km, och kommer
till upphdmtningspiatsen fGr timret men nekar ott kiro. Detto dr dock ndgot som inte alla farore
har modet nog att géra men i virt dkeri far féroma bro bockning fran mig § sodana foll. D3 bryter
dock skogsbologen avtalet och bestiller dkare fran andro faretag. Andra dkerier bar inte ekonomin
att neka sodang kunder,fontrakt, samtidigt har man knoppast rad att kiro sdnder sing sumpar
heller far det dr sa dyrt att byto

Per Hiidik [fiirare) (Kor Scania idag)

K&r ni nagra 13diters lasthilar fran Volvo med plast samt platsump?

o Mej
Har ni haft n3gra problem med sumparna pa 13-iters?
o MNej
Hur linge har ni haft problem med sumparma pa 16-iters?

o Inte haft nogra problem pa egna bilar. Kérde sénder en sump pd en provbil som vi kirde ot Lena,
den skropode § ryggen pd vigen och det blev en spricka

Vad fdr slags problem har det varit med sumparna?
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o Inte haft ndgra problem med egna sumpar. Kdrde sénder en sump pd Lenas provbil baro. Andra
akerier har problem med sina sumpar, ot de gar sander

Har ni nagensin fatt motorhaveri pga. trasig sump [oljelidage)?
o Nej
Vad hander fire, under och efter skada?

o Hort ott andra g sénder sing sumpar. Tror det hander fidr att vigen brister i stunden fran
ingenstons, vigen kan se bra vt alitsd men gdr tyvdr sdnder vid en punkt poa lostbilen

Hur arbetar ni for att férbyega skador vid riskfyllda vdgar?

o Vihdler hela tiden igdng en bro dicleg med de som skéter ovverkningen (skogsbologen) om
skogswagarna tillstand. Om det behdver grusas nogonstans sa foor dem det
o Vihar ocksd en funktion pd war lastbil dér luftfjadringen kon dndra s3 bilen hor 3 kiriGgen. Ett
normalldge [osfaltskdming, stondardfrigdng), ett mellonidge, cirks 1 dm dver normall@get] och ett
hagt lage (skogskdrning, flera dm dver normalidget)
o Vihar odksd ett front skydd pd lastbilen som egentligen dr till fér annot men har en extrafunktion
som vir ldgsta punkt. 53 om det skrapar i eller stéter i s vet wi att wi sko hdjo bilen sd inte sumpen
eller onnat som finns i underredet slar i
Hur upptacker ni skadoma?
o Maon kan horo ndr det skrapar i
Har ni skidplate (hasplat) under era sumpar pd era 16-liters?
o Vihade hasplat pa den provbilen vi kirde ot Lena, men inte pd egna bilar
Har det blivit bdttre eller sdmre med skidplate?
o Det giller att ha koll pa gruset som somias melion sump och haspldt Det ar bittre med
rrﬁ_ - - ﬁl L 3
| vilka slags terranger kor ni i {langst?)?
o Skogswigen dr den kortaste strickan, for oss snittar den stradkon mellon 5—6 km
Vad skulle vara ideall@=ningen fir er?
o Luftfiadring som ger oliko korldgen

Yiterligare diskussion med Per gav foljande information
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vidgorna kon varo daliga ibland men stondordvigamna, det tillstand dem &r i som mest alftsd, dr jog
néjd med

Mdnga andra akerier och férave klagar pd att skegsbolagen/owverkorna inte fixor vigama ndr det

dr fr dilig. Per tror ibland att det kanske inte Gr skogsbologen som dr skurkoma wtan det kan vara
s ot ett dkeri hdmtat virke pd en vig dir de barg kir 200 m skogswig. Sen ndr ndsta himtning ska
ske nagra km in pa samma wag, helt pidtsligt &r inte wigen tilrdddigt bra. Detta & nogot akerierng
kan “skyia pa” far att slippa kiro oekonomisko turer. Langre och lngsommare striackor Gr mindre

anskwarda dn korta ldngsamma strackor

Anders Eklund [akeridgare, kirt firr)

Telefonintervju hélls med Anders Eklund dar bade Emil P och Lennart C satt med och diskuterade.
Fragoma stilldes alkt eftersom och var ej planerade men baserade sig pa vad vi fragar tidigare
akerier och firare. Féljande kommentarer kom fran Ander Eklund.

= ]

Det ar tjalossning just ny men farore ovgjorde att wagen vor tillrackligt kdrdugliq och karde in pa
skogswagen. De vo flertal bilar som kdrde och den bilen som senare fick en sondrig sump korde sist
di den tidigare brukar kira fast och de ville undvika stopp fér resterande fordon.

vidl vid timmerplatsen (lastplatsen) noteror firaren att det lacker lite olja frdn under lasthilen och
konstoterar gtt ett mindre hal hor uppstatt vid eng hémet pd framsidan ow sumpen. Forforna ska av
rutin kontrollera sumpen vid timmerplatserna men filjer inte alltid upp pd detta. De ovbryter
pdiastning och kir bilen till verkstod.

Det som antogligen har hant, enfigt Anders, ar ott pgo tjgllossningen hor foraren kart en sten som
gjort hal pa sumpen. Det kon ha fGrekommit skropningar men foraren har varken hart eNer kdnt
nigot under bilfdrden, det var ett vildigt fitet hal sa det var ite oljo som Idckt ut 53 oljesensam har
inte hunnit varna fir idg oljemingd da oljemdngden war okej. Det kan ocksd ba varit sd ott ett av
fordonen innon drogit upp § marken ndr det kit och blettot sen sten, detto dr spekulationer. Dem
kirde utan haspidtsskydd.

Anders tycker frig@ngen dr alldeles for log, den maste hajas. Detta problem har uppstatt tidigare
hos deras lasthilar. Hon fareshir @ndring pa utseendet, kanske man kan garo bredare och minsko

ofjan.

Eftersiker odsd en applikation ddr man som farore kan hija lastbilen med luftfjddringen efter eget
behov [Gver 4,5 m). Det sko dock ocksd finnas en stark indikation far fararen i hytten att den kor i

70



for hisgt Idge, detta i form av tex en stork biinkande orange lompa sd man inte av misstog kar ot
med far hag hijd pd de alimdnng vigarna.
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Appendix L

Bachelor Thesis Project at
AF, Automotive R&D

1 Title: Development of a new oil pan for heavy
duty truck engines

Background

The gil pan on heavy duty truck engines is mounted at an exposed position undemeath the
engine block. Trucks driving in harsh environments can easily damage the skid plate and oil
pan, which can lead to oil leakage and therefore truck downtime.

2 Objective
The task is to develop a durable oil pan for trucks driving in rough terain.
3 Methods

Perform a pre study to evaluate how to design the oil pan to be durable when driving in rough
terrain. This can be dene using litterateur, interview or benchmarking. Generate and evaluate
concepts of how the oil pan can be designed. Investigate material selection and manufacturing
processes.

4 Deliverables
A report induding:

a} Benchmark study
b) A proposal for redesign of the oil pan

=1 Contact

Per Axel Ohlsson, per-zxel.oblsson@afronsult.com +46105050597
Please submit your application at: www.afronsule.com/fjobb

Bachelor Programs: Mechanical engineering, Product Development,

RF iz an engineering and design company within the fields of energy, industry and infrastructure. W,
sustainable solutions for the next generation throwgh talented people and technology. We are hased
Europe and our business and clients are found all over the world,

RF Making Future.
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Appendix M

Questionnaire — Material & manufacturing engineers

Below follows interviews and meetings with material- and manufacturing engineers in chronological
order.

Frageformular - Material- och tillverkningsingenjorer

Nedan foljer intervjuer och moten med material- och tillverkningsingenjdrer | kronologisk ordning.

Kenneth Eliasson (Gjutexpert)
Samtal med Kenneth fér biond annat materialfdrsiog vid gjuten ofesump
Vilka material gjuter ni i och vilka skulle passa att tillverka en oljesump av?
o I5kdvde har vi hag tillverkning ov gjutjdrn och lite segjdm. De bada gjuts § runt 14001500 grader
Celsius och gar absolut att tillverka oljesumpar av
o Aluminium skulle ocksd g ott gjuta i, dir gdr temperoturemna bora upp till 700800 groder Celsius
Skulle de g3 att tillverka en oljesump i nagot slags stal?
o Wi tillverkar inte ndgot i stdl dd wira ugnar inte kioror ov de termperaturerna som krivs for ot smiita
stal. Temperaturen fiar ott gjuta stal fgger nog kanske pd drka 1800—2000 groder Celsius
Ytterligare diskussions med Kenneth gav foljande information
o  Skillnoden meNan ot gjuta § aluminium jEmfart med stal @ att, férutom temperoturskillnaden, stal i sig
ar diyrare

Anette Nilsson (platpressningsexpert)
Somtal med Anette fir bland annot materialfdrsiog vid en platpressod oljesump

Hur Idmpar sig de tre olika materialen jm, stal och aluminium fir platpressning? Ar det nagon av dem
som dr direkt olamplig? Om ja, varfar?
o Jag har aldrig hart tolas om eller jobbat med pressning i jarn
o Rekommenderar en piat [stal) med hag formbarhet, VSCR 140 material efler VSCR 140 EF
vi har hittills borg tagit fram ett firtal verktyg far pressning i Aluminivm. Fér ot kontrollers om en
artikel gr tilfverkningsbar i ett moterial brukar vi garg en FEM berakning - formningssimulering. Det wi
har sett dr ot sarskild aterfjadring & swdrore att berakna for aluminium
D& sumpen kommer ta en del stag samt skrapningar under motom mot mark sa undrar vi om det 5rsa

att ni tror att aluminium, | ett pressat format, inte skulle klara av de potentiella deformationerna pa
grund av dess skira natur?

o -

Ar det ndgon av de olika materialen jim, stal och aluminium som Sr dyrare att pressa om
materialkostnader forbises?
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Kostnoden ffr att to fram pressverktyg kan bii stdme far aluminium i och med swdrigheterna med att
beridkna aterfjadringen

Vad vet du om materialkostnademna for jirn, plat och aluminium?

o -
Yrterligare diskussions med Anette gav filjande information
Vid pressming ov sd fi ortikiar tdnker jog ott, for stal och oluminium, det skulle varo mest [dmpligt att
antingen Quintus-pressa eller goro ett dragwerktyyg fdr att formo artiklorna och sedon loserskdro ot
klippkant och hdl. ©m artikeln inte gdr att dra § ett steg, sd skulle jog forsdka onvanda samma stomme
och ha uthytharo stal far en ondra pressnings operation frestrike) - § somndd med leverantsr
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