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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 CO2-
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 ÅF 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 större kvantiteter kunde 
transporteras av samtliga lastbilar som körs i Sverige, vilket skulle reducera utsläppen av CO2 relativt 
varje ton gods som transporterats. För att uppnå målet har många olika företag, universitet, 
forskningsinstitut samt regeringen involverats för att erhålla den nödvändiga kunskapen och 
kapitalet. 

En modifiering utförd för att utöka lastbilens kapacitet var att sänka chassit för att öka lastvolymen. 
Denna reduktion av frigång satte oljetråget för nära marken vilket orsakade, de oönskade 
konsekvenserna, stötar och skrapningar under körtid. För att lösa det här problemet etablerades ett 
examensarbete av High Capacity Transport avdelningen hos ÅF tillsammans med Volvo Trucks med 
målet att konstruera ett mer tåligt oljetråg. 

Genomförandet inkluderade flertalet produktutvecklingsverktyg såsom en kundundersökning för att 
etablera oljetrågets krav, en intern- och extern marknadsundersökning för att samla information om 
det existerande oljetråget samt inspiration inför konceptgenereringsprocessen. De koncepten 
utvärderades och betygsattes senare baserat på de tidigare ställda kraven och detta resulterade i ett 
omkonstruerat oljetråg som, med vidare bekräftelse, kan vara en fungerade lösning 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.  
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Figure 3 - D16 Plastic oil pan, 

reproduced with permission from 
Volvo group. 

 
Figure 4 - D13 Deep drawn steel oil 

pan, reproduced with permission from 
Volvo group. 

 
Figure 5 – D16 Protective skid plate, 

reproduced with permission from 
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.   
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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?  
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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 CO2-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.  
 

 
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.  
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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.   
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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 
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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 2018TM  
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 2018TM. 

 
CES EduPackTM 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 EduPackTM 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 EduPackTM.  
 
CES EduPackTM 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 
EduPackTM is continually developed based on feedback from the global user community.  
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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 ÅF 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. 
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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 
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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, 
reproduced with permission from 

Volvo group. 

 
Figure 4 - D13 Deep drawn steel oil 

pan, reproduced with permission from 
Volvo group. 

 
Figure 11 - Volvo bus oil pan for 15X, 

reproduced with permission from Volvo 
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, I and K.   
  
4.1.3.1 Supervisors and staff from ÅF & Volvo 
Meetings and interviews were held with the supervisor from ÅF, 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 ÅF 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 I. 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.    
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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.   
  

1 
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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 XXXXX and XXXXXX without the engineering cost, see questionnaire in appendix K. The haulage 
company that also operates a workshop bills their customers XXXXXX 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 I, 
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 ÅF 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 ÅF, 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 I, 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 I, 
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.  
  

 
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.  
 

 
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 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 

 

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 EduPackTM, several material families were 
screened out based on common sense. The materials cataloged in CES EduPackTM are categorized 
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 
capabilities. Left were metalcomposities and the only listed material in CES EduPackTM database were 
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 EduPackTM (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) 

 
 
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 

 
 
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 EduPackTM 
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 
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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, XXXXXXXX. 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 (Hågeryd, 
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Björklund, & 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 (Hågeryd, Björklund, & Lenner, 2002). The 
process also curates the material through strain hardening when it is plastically deformed (Hågeryd, 
Björklund, & 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 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
XXXXXXXXXXXX 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 
9 into 9.1.  
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Table 5 - Pugh's selection matrix, first iteration 

 

Table 6 - Pugh's selection matrix, second iteration 

 

 
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 
quantitative 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 
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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 

 

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 17 - Prototype oil pan. 

       

 
Figure 18 - Prototype oil pan, rearview. 

 

         

 
Figure 19 - Prototype oil pan, 

frontview. 

 

 
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 21 - Prototype oil pan, left side. 

 

 
Figure 22 - Prototype oil pan, left side - 

section. 

 

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 CO2-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 CO2-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 CO2-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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