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Sammanfattning 
Marknaden för tunga motorer kräver ständigt motorer som är starkare och starkare, men som 
ändå behåller en låg bränsleförbrukning. Ett resultat av att göra motorer starkare är att motor- 
och kylvattentemperaturer ökar, på grund av otillräcklig kylning (på grund av 
konstruktionsmässiga skäl, kostnader och dylikt). 
  Dessutom kräver nuvarande och framtida emmissionslagstiftning att fler och fler åtgärder 
vidtas av motortillverkare världen över. Ett sätt att tillmötesgå lagkraven är användandet av 
kyld EGR (Exhaust Gas Recirculation), vilket också leder till ökade kylvattentemperaturer. 
  Båda dessa faktorer leder också till ökade motoroljetemperaturer, med följder som ej är 
grundligt utredda. 
 
Detta examensarbete syftar till att utreda följderna av höga temperaturer på 
motoroljedegradering, med inriktning mot den grövsta degraderingsprocessen: oxidation. För 
att göra detta har ett antal motortest utförts på en 310 hk motor med EGR för att se vad som 
händer med motoroljan när den utsätts för höga temperaturer. Under dessa tester har 
oljeprover tagits för analys av viktiga oxidationsparametrar.  
  Som ett komplement till dessa motorprover har även oxidationstester utförts i 
oljelaboratorium, för att kunna jämföra motortestdata med laboratorietestdata. 
 
Ett mål med detta projekt har varit att försöka formulera en empirisk oxidationsmodell, som 
skulle kunna förutsäga oljeoxidationsnivåer i en motor, givet godtyckliga driftsparametrar. 
Denna modell skulle baseras på resultaten från motor- och labbtesterna. Detta mål uppnåddes 
inte dock, då det visade sig att motorproverna var för korta för att visa några tydliga tendenser 
i oljeoxidation. Det beslutades därför att ytterliggare och längre motorprov skulle köras, men 
dessa rymdes tyvärr inte inom tidsramen för detta examensarbete. Ett embryo till en 
oxidationsmodell har ändå föreslagits, och förslag för vidareutveckling av denna har 
presenterats. 
 
Ett annat mål med projektet var att klargöra var och i vilken utsträckning motoroljan utsätts 
för höga temperaturer i en motor, samt att diskutera vad som kan göras för att förbättra 
situationen. Huruvida en dedikerad temperaturgivare för motoroljetemperatur går att motivera 
i produktionsmotorer, och vart denna i så fall skulle sitta, diskuteras. Detta har gjorts med 
grund i resultaten från motor- och labbproverna. En intressant slutsats är att ökat flöde till 



 

 

kolvkylningen inte verkar förbättra situationen för oljan; istället verkar oljeförbrukningen 
såväl som oljans oxidering kunna öka. En annan slutsats är att införandet av en 
temperaturgivare i sumpen som standard på den nya motorgenerationen kan vara motiverat, 
då det har visats att höge motoroljetemperaturer i sumpen har stora negativa effekter på 
motoroljans oxidation, samt att oljetemperaturen i sumpen beter sig oregelbundet i 
förhållande till övriga oljetemperaturer. 
 
För att understödja arbetet i detta projekt har en grundlig litteraturstudie utförts, inkluderande 
bland annat diverse SAE- och andra tekniska rapporter, böcker samt Scaniarapporter. Ur 
dessa fakta har bland annat oxidationsförloppet i motoroljan på en kemisk nivå utretts. 
 
Av sekretesskäl har denna rapport redigerats jämfört med den interna Scaniarapporten, så till 
vida att absolutvärden på uppmätta storheter har tagits bort. Där det är möjligt har dessa 
värden ersatts med procentuella andelar av normalvärden. 
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Abstract 
The market for heavy duty engines is constantly requiring engines that should be more and 
more powerful, while still maintaining low fuel consumption. As a result of increasing engine 
power, the engine and coolant temperature increases as well due to insufficient cooling 
performance (because of design issues, cost etc.). 
  Also, emission legislations, both current and future, require more and more measures to be 
taken by engine manufacturers. One way of meeting the legislations is the use of cooled EGR 
(Exhaust Gas Recirculation), which also lead to increased coolant temperatures. 
  Both these factors also naturally lead to increased engine oil temperatures, the consequences 
of which are not thoroughly investigated. 
 
This thesis project aims to investigate effects of high temperatures on engine oil degradation, 
with focus on the greatest degradation process: oxidation. To do this several engine runs have 
been performed on a 310 hp engine with EGR to see what happens to the engine oil in a real 
engine when exposed to high temperatures. During the tests oil samples have been taken and 
analysed for important parameters. 
  As a complement to these engine tests some laboratory oxidation testing have also been 
performed, to be able to compare engine test data with laboratory tests. 
 
One goal of the project was to try to formulate an empirical oxidation model, which would be 
able to predict oil oxidation levels in an engine, given any running parameters. This model 
was to be based on the results of the engine tests and oil analysis. This goal was not achieved 
though, as it showed that the engine tests were too short to show any good tendencies in oil 
oxidation. It was therefore decided that further and longer engine tests were to be made, but 
these did not fit into the timeframe of this project. However, an embryo of an oxidation model 
has been presented, and suggestions for further development have been made. 
 
Another goal was to clarify where and to what extent the engine oil is exposed to high 
temperatures in an engine, and to discuss what can be done to improve the situation. Whether 
or not a dedicated oil temperature gauge in production engines is needed, and where that 
would be mounted, is discussed. This has been done based on the results of the engine and 
laboratory testing. One interesting finding is that increasing the flow to the piston cooling 
system does not seem to improve anything for the oil; instead the oil consumption as well as 



 

 

oil oxidation seems to be able to increase. Another conclusion is that using a sump oil 
temperature gauge as a standard part of the new engine generation might be a good idea, since 
it has been shown that high engine oil temperatures in the sump have great negative effects on 
engine oil oxidation, and that the oil temperature in the sump is behaving quite irregularly in 
relation to other oil temperatures. 
 
To support the work in this project a thorough literature survey was undertaken including 
various SAE and other technical papers, books and Scania reports. Based on these facts the 
procedures behind engine oil oxidation on a chemical level have been investigated, among 
other things. 
 
For confidentiality reasons this report has been edited in such a way that absolute values of 
measured parameters have been removed. Where possible, these values have been replaced by 
percentages of normal values. 
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1 Introduction 

1.1 Background 
High power levels in combination with extreme running conditions lead to high engine 
temperatures, which in turn lead to the engine oil in the trucks and buses of today being 
exposed to increasingly severe stress levels. 
  Tougher emission legislations lead to increased use of cooled EGR (exhaust gas 
recirculation), which highly affects the engine coolant and engine oil temperature. 
  Thus the need increases to investigate how the quality and durability of the engine oil is 
affected by locally high temperatures in bearings, oils sump and piston cooling for example. 
 
High temperatures in different locations in an engine affect the degradation of the oil to 
different extents. For example high temperatures in the oil sump are relatively low compared 
to the high temperatures in the oil canals of the piston cooling system, since the latter are 
close to 100 K warmer. However, the oil stays in the sump for a much longer time compared 
to the time it is exposed to the piston cooling. It is unclear which has the most negative impact 
on the engine oil, extreme temperatures during short periods of time or longer time periods 
with lower temperatures. 
 

1.2 Project delimitations 
This thesis project is meant to be a part of a bigger assignment to create a criterion for the 
engine oil stating the highest allowed engine oil temperatures at different locations in the 
engine, based on different running conditions. The focus has been on investigating the 
oxidation stability of the oil during extremely high temperatures, and trying to form a model 
for oil oxidation based on running conditions.  
   

1.3 Method 
This work has been divided into a number of steps: 
 

• Literature survey – A survey of existing literature such as technical SAE papers and 
books in the subject to get a basic understanding of the problem and what has been 
done previously in the same area. Also data from previous testing at Scania has been 
gathered and evaluated. 

• Engine tests – Engine tests have been performed under slightly more extreme 
conditions than ordinary engine runs to expose the engine oil to higher temperatures. 
Engine oils used in the engine tests have been provided by Infineum UK Ltd.  

• Laboratory testing – To complement the engine tests in investigating oil performance, 
laboratory tests of the same oils that were used in the engine tests have been 
performed.  
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2 Literature survey 
To reach a basic understanding of the subject an extensive literature survey has been 
performed. With help from the Scania Library Service a number of SAE papers and other 
technical papers have been found and reviewed. These papers mostly deal with previous 
investigations that have been performed in the same area, but they also describe general 
aspects in the subject as well as different oil testing procedures performed when analysing 
various properties of the oil. The formulation of the engine tests that are a part of this project 
has partly been based on these procedures. 
  In addition to this the basic mechanisms of engine oil oxidation have also been studied, to 
reach an insight into the problem on a chemical level.  
 
As a complement to the literature survey, data from field tests performed at Scania have been 
studied, to get a view of what kind of oil temperatures are reached in real trucks in real 
operation, and also how these temperatures have changed through the truck and engine 
generations. The field tests that are of interest are summer tests where trucks have been driven 
at high load in warm countries while logging data from a number of gauges on the truck.  
 
Also, since mostly oil temperatures are unavailable from field trials but engine coolant 
temperatures are available, data from test runs in engine dynos and from summer tests have 
been collected to investigate if there are any simple relationships between these two 
temperatures. The purpose of this investigation was to help examining how oil temperatures 
have developed over the years, but also what they will be like in future engines. 
 

2.1 Basic mechanisms behind oil oxidation 
Throughout the literature [1, 2] there are extensive investigations regarding the mechanisms 
of lubricant oxidation. This chapter aims to give a short explanation of these mechanisms 
based on the literature found, and also with great support from [68, 52-55]. 
 

2.1.1 Basic hydrocarbon theory 
The base of engine oils consists of hydrocarbons in various forms. For basic hydrocarbon 
theory [1] has been consulted. 
 
Carbon atoms have the ability to form up to four bonds, valencies, with other atoms, such as 
hydrogen, oxygen, nitrogen and sulphur. In pure hydrocarbons the carbon atoms link to other 
carbon atoms with one or more of the valencies, forming chains or ring structures.   
It is easily realised that the hydrocarbon chains can have multiple branches, since the carbon 
atom can link to up to four other carbon atoms which in turn also can link to up to four other 
carbon atoms and so on. When naming hydrocarbons, the prefix n- (for normal) is used for 
straight chains and iso- for branched chains. 
 
If two or more carbon atoms link to each other with a double- or triple bond, in other words 
they do not use each valency for bonding to a separate atom, the hydrocarbon is referred to as 
unsaturated. This means that the compound is relatively unstable, particularly towards 
oxidation processes commonly found in an engine. 
  If the carbon atoms bond to each other using double bonds, the resulting hydrocarbon is 
called an Olefin (or Alkene). If the bond is a triple bond, the resulting hydrocarbon is called 
an Acetylene (or Alkyne). The first names are the older common names, the names in 



Scania CV AB, Södertälje  The oil temperature’s effects on engine oil  
  degradation in trucks 
 

Marcus Eriksson Page 12 2007-06-19 

parentheses are the more internationally correct International Union of Pure and Applied 
Chemistry (IUPAC) official names. 
  In the presence of a catalyst (Fe, or other transition metals), unsaturated molecules may 
polymerise or react with each other to form long chains. 
 
As mentioned above, hydrocarbons may as well as chains also form ring structures. Like 
ordinary carbon chains, these structures may also be saturated (like cyclo-hexane) or 
unsaturated aromatic compounds and highly reactive (like those based on the benzene ring).  
 
The oxygen atom is divalent, meaning it has two valencies, and is a very important building 
block in organic chemistry, chemistry that deals with organic materials.  
  There are some common name conventions used when dealing with organic chemistry. The 
hydroxyl radical, which is very common and is formed by extraction of a hydrogen atom by 
an oxygen atom, is referred to as –O•. Aldehyde structure is referred to as –CHO, and 
carboxyl radicals are –COO•. Another important convention is the use of R for any arbitrary 
hydrocarbon compound. So, for example, writing R–CHO means any hydrocarbon containing 
an aldehyde structure. 
 
When describing hydrocarbons there are some common ways of illustrating the composition. 
Figure 1 shows one way of describing hydrocarbons when the purpose is to describe a single 
composition and not dealing with extensive reactions. 
 

 
Figure 1 Illustration of hydrocarbons [74]. 

 
When describing the reactions between hydrocarbons and other compounds, it easily requires 
quite a lot of space if the kinds of illustrations above are to be used. Therefore a simplification 
is widely used. Figure 2 explains how this works.  
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Figure 2 Simplified illustration of hydrocarbons [74]. 

 
 

2.1.2 Oxidation 
For information regarding oxidation [52-55, 68] has been consulted. This is a summary of that 
information. 
 
Oil oxidation simply is the reaction of a hydrocarbon with oxygen, as described above. This 
reaction forms radicals that can and most certainly will react with other substances in the oil, 
but aside from radicals other substances are also formed. This reaction is described in figure 
3. 
 

CH3

R

n

Energy, CO2, H2O, SOx, NOx, Alcohols, 
Ketones, Aldehydes, Soot, 
Radicals, Hydroperoxides

O2

 
Figure 3 Reaction that starts oxidation [74]. 

 
The oxidation process is a free radical process which is divided into four stages 
 

• Initiation 
• Propagation 
• Chain branching 
• Termination 

 
2.1.2.1 Initiation 
During the initiation oxygen atoms abstract hydrogen atoms from hydrocarbons, as described 
in figure 4. This reaction might be catalysed by metals and it forms an alkyl radical R• and a 
hydroperoxide radical HOO• (the dots represent the free valencies that make the compounds 
radical). 

 

CH3 CH3

+  HOO
O2, Metal

 
Figure 4 Hydrogen abstraction [74]. 

 
The location and rate of this attack by oxygen depends on the composition of the 
hydrocarbon, with the reactivity increasing in the following order: 
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R-CH2-H < R2CH-H < R3C-H  
 
This is related to the C-H bond strengths, the lower the bond strength the easier the hydrogen 
atom is to abstract [3]; 
 

RCH2-H 420 kJ/mol 
R2CH-H 411±3 kJ/mol 
R3C-H 396±8 kJ/mol 

 
This means that the more alkyl chains that are bound to a carbon atom, the more reactive it is 
to oxygen. 
 
2.1.2.2 Propagation 
The propagation of the oxidation is an irreversible process that has low activation energy and 
is very fast. Figure 5 describes the first step of this process. 
 

CH3

O2

CH3

OO

 
Figure 5 Oxidation propagation starts [74]. 

 
In this stage the rate of reaction depends on the structure of the radicals as follows: 
 

H3C• < R2CH• < R3C•  
 

This means that tertiary radicals react ten times faster than methyl radicals, and also that 
isoparafins react faster than n-parafins (see chapter 2.1.1 above for explanation of iso- and n- 
nomenclature). 
 
The next step is the abstraction of a hydrogen atom from another hydrocarbon or internally 
within the same molecule by a peroxy radical to form a hydroperoxide (ROOH), as shown in 
figure 6.  
 

CH3

OO

CH3

OOH
CH3 CH3+ +

 
Figure 6 Oxidation propagation and autooxidation [74]. 

 
 
 
. 
2.1.2.3 Chain branching 
In this stage the hydroperoxides are accumulated and decomposed into alkoxy and hydroxy 
radicals, which leads to an increased concentration of the latter as shown in figure 7. 
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ROOH RO   +   OH 
Figure 7 Decomposition of hydroperoxide [74]. 

 
These new radicals are very reactive and lead to nonselective reactions since they can react 
with many different kinds of materials. This process makes the chain branching autocatalytic, 
since the radicals are so reactive. 
 
As the chains keep propagating in this process, eventually they will get too heavy to stay in 
solution and become insolubles. These heavy products are called sludge [2]. 
 
2.1.2.4 Termination 
The last stage of oxidation is the termination of the process. This happens when the oxygen or 
the hydrocarbon has been depleted (or both). It can also be due to recombination of radicals 
into stable species; 
 

R• + R• -> R-R 
R• + •OH -> R-OH 

 
Figure 8 shows the rate of O2 uptake and the hydroperoxide concentration over time during 
the oxidation process. From this graph, during termination the concentration of hydroperoxide 
drops to zero and the rate of oxygen uptake becomes slower (ultimately stopping). 
 

 
Figure 8 O2 uptake and hydroperoxide concentration over time [74]. 

 

2.2 Engine oil composition 
Engine oils today are very complex compositions. Since the functions they have are ever 
increasing, there are a number of different additives that are added to the base oils. No base 



Scania CV AB, Södertälje  The oil temperature’s effects on engine oil  
  degradation in trucks 
 

Marcus Eriksson Page 16 2007-06-19 

oil alone can cope with all the tasks that it faces, and so there are specific additives to face 
specific challenges. 
 
The composition of a typical engine oil is shown in figure 9. The function of the different 
parts is explained below.  
 

 
Figure 9 Typical engine oil composition [74]. 

 

2.2.1 Base oils 
A base oil is a base stock or blend of base stocks used in an API licensed oil [55]. A base 
stock is a base oil component made by a single manufacturer as opposed to a complete engine 
oil that may consist of components from several manufacturers.  
 
A base stock is usually 80-99% of an engine oil, but they mostly do not have all the properties 
required by an engine oil and thus additives are required (see next chapter for info on 
additives) to get the wanted properties. 
  There are two types of base stocks, mineral and synthetic. Mineral base stocks are refined 
from crude oil, without adding components. Synthetic base stocks are built from chemical 
reactions and so are more precisely defined. However, most of the chemicals added still have 
their origins in petrochemical feedstocks. 
 

2.2.2 Additives 
To be able to obtain the characteristics wanted from engine oils, additives are required. 
Different additives perform different tasks, and the key to getting the right performance from 
the oil is to blend the additives in the right proportions. To get it right requires a lot of testing, 
since the additives not only affect the way the oil performs, but also the way other additives 
work. One additive might enhance the effects of another additive, but also reduce the effect of 
yet another additive. There are also additives that have more than one function, such as ZDDP 
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(Zink Dialkyl DithioPhosphate) which is both a secondary antioxidant and an antiwear agent 
[68, 54]. 
  Additives are researched by additive companies, and sold in packages to oil manufacturers 
who incorporate them into base oils. 
 
The types of additives that are used the most are: 
 

• Antirust 
• Antiwear 
• Antioxidants 
• Dispersants 
• Detergents 
• Friction Modifiers 
• Viscosity Modifiers 

 
When it comes to antioxidants, or oxidant inhibitors, naturally their function is to reduce 
oxidation. They do that by controlling viscosity increases and building up of acids and 
insolubles.  
  Insolubles are avoided because they can lead to varnish formation that can clog up oil tubes 
and canals and in the end lead to reduced or no oil flow to different parts of the engine 
ultimately resulting in engine breakdown. 
  Acids are avoided because they can lead to corrosion of metal parts in the engine which can 
also lead to engine breakdown in the long run. 
 
Essentially, there are two types of antioxidants; primary and secondary.  
  Primary antioxidants are radical traps that react with radicals to prevent the initiation step 
which results in the formation of alkyl radicals from the base hydrocarbon (i.e. start of the 
oxidation process).  
  Secondary antioxidants are peroxide decomposers that react with hydroperoxide molecules 
in a way so that they are decomposed into less harmful substances, preventing the cascade 
formation of free radicals and autocatalysis of the oxidation. 
 

2.3 Existing test methods 
Engine oils today have to pass a number of tests in order to get certified for use on the market. 
These tests consist of both full size engine tests and also laboratory bench tests that are meant 
to simulate actual engine conditions at specified locations in the engine at an accelerated pace.  
  When simulating engine tests the engine can be thought of as a chemical reactor with two 
very distinct types of oxidation zones. There is thin film oxidation which occurs at the piston 
ring/cylinder liner and basically is when a film of lubricant experiences a radical flux at ca 
280+ °C. The other one is bulk oxidation which occurs in the sump. Here the sump oil will 
experience a radical flux at a temperature of ca 155+ °C [68]. 
 
There are different certificate categories depending on which type of engine the oil is 
supposed to be used in, and also depending on which market it is meant for. In the US “The 
American Petroleum Institute” (API) is the controlling authority that issues the certificates. Its 
European counterpart is “The European Automobile Manufacturers Association” (ACEA). 
These authorities decide which types of tests are required to meet each performance category. 
The requirements differ significantly between performance categories (e.g. between heavy 
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duty diesel and passenger car specifications) and around the world, for a complete lists of 
criteria for API and ACEA certificates please refer to [69, 70]. 
  One thing that is very important when it is decided which tests that are to be included in a 
category is the test’s repeatability; with many tests it is hard to get two similar runs due to 
grave uncertainties in the test setups and therefore it is hard to get two rounds of results that 
are comparable.  
 
Also the different tests that are being performed are standardised by different organisations 
such as the “American Society for Testing and Materials” (ASTM) and “the Co-ordinating 
European Council” (CEC). 
 

2.3.1 Laboratory bench tests 
When testing oils one way to save both time and money compared to full-size engine tests is 
to use laboratory bench tests, that are, as mentioned above, small size accelerated tests that 
simulate different parts of an engine.  
 
Some tests are more commonly used (and more reliable, repeatable and believable) than 
others, of which a few are explained here [68, 53]. 
 
2.3.1.1 PDSC 
PDSC (Pressure Differential Scanning Calorimetry) is a method that is used to evaluate the 
oxidative stabilities of lubricants or individual lubricant components. The equipment consists 
of two parts, as described in figure 10. 
 

 
Figure 10 PDSC test equipment [74]. 

 
The sample pan with an oil sample and the reference pan are placed in a cell and placed under 
an O2 or air overpressure (to prevent volatilisation of the sample), heated and either held at 
constant temperature (isothermal method) or the temperature is ramped (dynamic method). 
The exotherm or endotherm reaction that is experienced by the sample is measured.  This is 
usually plotted in the form of Heat Flow as a function of Temperature or Time. In the case of 
an oxidation event, an exotherm is detected. 
 
Typical conditions are: 
(1) Isothermal Method - OXST_210C/89-20 

Sample size is 0.45-0.50 mg, Oxygen pressure 700 kPa at 200 ml/min flow rate. Sample 
heated to 210°C and held for at least 120 mins.  The induction time is measured, the longer 
the time to exotherm the more stable the analyte is. 
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(2) Dynamic Method - OXST_10C/88-18 

Sample size is 1.0-1.2 mg, oxygen pressure is 700 kPa at 100 ml/min.  Sample is heated at 
10°C/min to 230°C and held for at least 120 mins.  The induction temperature is measured, 
the higher the temperature of the exotherm the better the oxidative stability of the analyte. 

 
(3) CEC Isothermal Method - IL-085 

Sample size is 3.0+/-0.5 mg, air pressure is 690 +/- 47 kPa.  Sample equilibrated at 50°C 
for 5 mins, then heated at 40°C/min to 210°C and held for 120 mins. The oxidative 
induction time is measured. 

   
From the plot, Oxidative Induction Time (OIT) can be determined, which is used as a 
measure of stabilities of oils. 
  PDSC is a thin film oxidation method which simulates what might happen in the piston ring 
zone of an engine. 
 
2.3.1.2 TGA 
TGA (Thermogravimetric Analysis) is a thin film oxidation test that measures the mass loss 
during the ramped heating of a sample, which is usually done in an oxygen or nitrogen 
environment. The test is conducted by heating a 10 mg oil sample at 10°C/min from 25°C to 
800°C in a platinum pan. When oxidation commences, there is a very clear change in mass of 
the sample which is used to determine the oxidation temperature.  
This analytical method is specifically used on components (generally insufficient 
discrimination is observed for fully formulated lubricants). It can be a useful test for gaining 
insight into deposit-forming tendencies of components. 
 
2.3.1.3 TEOST 
TEOST (Thermo Oxidative Oil Simulation Test) is a test where oil is dribbled down a small 
rod at 285°C for 24 hours under 10 ml/min air flow. In this test the total deposit on the rod 
and filtered from the oil is measured relative to a specification limit (depends on the 
specification e.g. limit is 30mg for ILSAC GF-5 but 25mg for ILSAC GF-4, which is an older 
specification).  
 
2.3.1.4 INOx 
Infineum NitroOxidation test (INOx) is a bulk oxidation test which can simulate the oxidation 
progress in an oil sump. In this test Air/NOx mixture is blown through oil with a soluble iron 
catalyst and heated. Oil samples are taken periodically and kinematic viscosity at 40°C and 
FTIR are measured to give a continuous monitoring of viscosity increase and C=O build up 
during the test. The results are expressed as % viscosity increase over time. The C=O strength 
is a key feature of the IR spectrum which occurs at 1720 cm-1. 
 

2.3.2 Engine tests 
Aside from laboratory bench tests, oil oxidation is also measured in full-size engine tests. In 
the API CJ-4 there are two tests that are used for oxidation testing, the Mack T-12 and as a 
complement the Sequence IIIG/F [SAE paper 2006-01-3439, och API engine oil…]. The 
Mack T-12 is also required for European specifications.  
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2.3.2.1 Mack T-12 
(As specified in [4, 48]) 
Engine. Mack E-Tech V Mac III, 12-liter engine has electronically controlled unit injectors 
and cooled EGR with two turbochargers, one of which is variable geometry. This is the only 
engine in the API CJ-4 category which operates at a high EGR level of 35% in Phase 1, 
followed by 15% in Phase 2. The engine uses a 2002 cylinder head with low swirl and 15 
ppm fuel sulfur.  
Test cycle. The total test cycle is 300 hours, with the first 100 hours at 35% cooled EGR with 
retarded timing at 1800 rpm to produce a target soot level of 4.3%. This is followed by 15% 
EGR rate for 200 hours at peak-torque, at which the peak-cylinder pressure is 240 bar. This is 
designed to produce ring and liner wear at 1200 rpm. In addition, the oil gallery temperature 
is controlled at 116°C to produce oil oxidation, which can result in lead corrosion from the 
bearings. The end of test soot is 6%. 
 
Procedure Results 
At the end of the Mack T-12 lubricant procedure, the following criteria are evaluated: 

• Piston ring wear  
• Cylinder liner wear  
• Lead bearing corrosion  
• Oil consumption  

 
2.3.2.2 Sequence IIIG 
(From [5, 49])  
 
The Sequence IIIG test measures oil thickening and piston deposits during high-temperature 
conditions and provides information about valve train wear. 
  The Sequence IIIG test simulates high-speed service during relatively high ambient 
conditions. 
 
Sequence IIIG Test Equipment and Procedure. The Sequence IIIG test uses a 1996/1997 
231 CID (3,800 cc) Series II General Motors V-6 fuel-injected gasoline engine. 
 
Using unleaded gasoline, the engine runs a 10-minute initial oil-leveling procedure followed 
by a 15-minute slow ramp up to speed and load conditions. The engine then operates at 
125 bhp, 3,600 rpm, and 150 °C oil temperature for 100 hours, interrupted at 20-hour 
intervals for oil level checks. 
 
 
Sequence IIIG Test Results 
At test end: 

• All six pistons are inspected for deposits and varnish.  
• Cam lobes and lifters are measured for wear.  
• Kinematic viscosity increase (percent increase) at 40°C is compared to a new oil 

baseline every 20 hours.  
• Wear metals Cu, Pb, and Fe, are evaluated.  

 
Although the sequence IIIG is a gasoline engine test, it is used when evaluating diesel engine 
oils as well. This is due to the well-defined test procedure and the oil severity of the test. 
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2.3.3 Analysing methods 
When analysing oils there are a number of different analysing methods used. Depending on 
the method that is being used the results may vary, even though the same parameter is being 
analysed. This is important to bear in mind when analysed results are being compared to 
results from another test. Parameters commonly analysed when examining oil oxidation are 
Total Base Number (TBN), Total Acid Number (TAN), oxidation, nitration and the viscosity 
at 40°C and 100°C. All these factors and how they change help in understanding the oil’s 
oxidation. 
 
FTIR. One very common analysing method is the use of FTIR (Fourier Transformed Infrared 
Spectroscopy) [6, 7]. FTIR is a spectroscopic technique used to give a fingerprint for a 
specific chemical compound via the absorption frequencies of particular chemical functional 
groups in the compound e.g. C=O, C-N, O-H and can be used quantitatively for single 
compounds or simple mixtures. For a used engine oil, however, where many mixtures of 
compounds are present and peaks overlap considerably, it cannot be used quantitatively and 
the growth of the C=O stretching peak (which is found at approximately 1720 cm-1) is used 
purely to gauge the extent of oil oxidation.  
 
RULER. An analysing method that is being researched and that shows good potential is the 
RULER (Remaing Useful Life Evaluation Routine). As the name implies this is a method that 
analyses the remaining useful life of the oil, rather than just analysing how degraded it is.  
  To use RUL to determine the quality of a used oil is nothing new [50], but it has previously 
been limited to critical, large-volume systems due to the complexity and cost to perform the 
test. However, the RULER is something new [51]. This uses a small handheld device that 
analyses small oil samples by using voltammetric techiques. The speed and accuracy of the 
analyses gives this instrument a promising potential. 
 

2.4 Existing methods to model oil oxidation 
In order to model oil oxidation a literature survey was performed to find any existing methods 
to do this. This survey did not render much results, it seems that modelling oil oxidation is not 
a task that is easily carried out. An empirical approach seemingly is the way to go [8, 32, 33], 
but using this type of method naturally delivers results that gives the best match when 
compared to results from real conditions that match the ones that the model is based on. To 
get more reliable and flexible models, the number of variations in the running conditions that 
the model is based on needs to be increased. 
  Partly based on the papers mentioned above, it was decided that using an empirical model 
for this project, as was planned from the beginning, would be a good method. 
 

2.5 Previous field and engine dyno test data 
To gather background information on how engines and their oil temperatures have developed 
over the years, data was studied from previous tests performed at Scania. 
 

2.5.1 Summer tests 
When it comes to oil temperatures in field tests at Scania, the temperature in the sump is the 
most common location to measure oil temperature, if oil temperature is measured at all. 
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  Results from summer field tests in Spain with a Euro V engine fitted in an R-series Scania 
truck run in 2006 have shown that oil temperatures in the sump may very well reach above 
normal temperatures in real driving conditions [42]. In this field test, a particular route in 
southern Spain and the Sierra Nevada was chosen to test the trucks heat handling capabilities. 
A particular road with steep climb and high temperatures, and thus tough conditions for the 
engine, was used to put the truck to the extreme. At the top of this climb, the oil sump 
temperature had reached quite high temperatures. The logged results from this run showed 
that the oil temperature was still increasing when the top was reached, and showed no signs of 
levelling out. So, if the hill would have been higher, so would the oil temperature have been.  
  Also, a summer test performed in the United Arab Emirates with a truck with a 12 litre Euro 
III engine in 2005 showed similar very high maximum oil sump temperatures. In the same 
summer test another engine, a 16 litre V8 Euro 3, showed even higher maximum oil sump 
temperatures [44, 56]. 
  At the same time a summer test was performed in Spain, where a new generation 13 litre 
engine was used. This test showed additionally higher maximum oil sump temperatures. This 
test shows that in future engines, the oil temperatures are going to get higher, with probable 
sump temperatures that are considerably higher than today [45, 56]. 
 
These figures have led to the decision that during the engine tests of this project, an oil sump 
temperature that is increased by about 50% compared to normal temperatures is wanted, to 
get a little ahead of reality and to get an understanding of what will happen to the engine oil 
when exposed to these high temperatures. 
 

2.5.2 Correlation between coolant and oil temperatures 
Scania has a database where data from Electronic Control Units (ECU) in vehicles that are 
serviced at garages is saved. Since the oil temperature normally is not measured by the 
engines own ECU, but the coolant temperature is, an investigation was performed to see if 
there was some connection between oil temperatures and coolant temperatures. This was done 
because it would be interesting to investigate how oil temperatures have developed through 
different engine generations, with help from the aforementioned database. 
  Figure 11 shows the statistical engine coolant temperature distribution of three engines from 
the database [57]. The engines shown have been chosen because they represent Scania’s most 
popular engine types. The engines are: 
 

• DC1214. 12 litre, 420 hp, Euro III 
• DT1206. 12 litre, 470 hp, Euro III, TurboCompound 
• DT1203. 12 litre, 470 hp, Euro IV, TurboCompound 
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Figure 11 Statistical engine coolant temperature distribution of three engine types from the Scania 

database. 
 
The investigation was done by analysing results from Scania Standard Cycle engine dyno 
tests and also from the summer test in Spain mentioned above. These results showed that the 
oil temperature was roughly following the coolant temperature, but that there was no clear 
simple connection. The differences between the temperatures at different times during the 
tests varied too much, and also between different tests and engine types. Examples of coolant 
and oil temperatures from the engines chosen in the database above running in test cells can 
be seen in the figures below. The coolant temperature is measured after the engine (TW50) 
and the oil temperature is measured after the oil filter (TO05). 
 
Figure 12 shows the oil and coolant temperatures in a DC1214 running in engine dyno.  
 

 
Figure 12 Oil and coolant temperature in a DC1214 in engine dyno. 
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This dyno run shows a clear difference between the maxima of the two temperatures.  
  The Scania database shows that about 60% of the engines of this type have reached 
maximum water temperatures of T4°C or less, which according to the dyno run would mean 
that most of the engines have reached maximum oil temperatures of Tx1°C or less. 
 
Figure 13 shows a DT1206 running in dyno. The figure shows a difference in maximum 
temperatures. The Scania database shows that about 67% of the engines of this type have 
reached maximum water temperatures of T4°C or less, which according to the dyno run would 
mean that most of the engines have reached maximum oil temperatures of Tx2°C or less. 
 

 
Figure 13 Oil and coolant temperatures in a DT1206 in engine dyno. 

 
Figure 14 shows coolant and oil temperatures in a DT1203. The figure shows a difference in 
maximum temperatures.. According to the Scania database the majority (66%) of the engines 
with stored data had run with maximum coolant temperatures of T4°C or less, which would 
give a maximum oil temperature of Tx3°C for these engines with the temperature difference 
from the engine dyno data. 
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Figure 14 Oil and coolant temperatures in a DT1203 in engine dyno. 

 
In addition to the dyno tests, field data from the summer test in Spain mentioned in chapter 
2.5.1 above have also been analysed. They show that the difference between water 
temperature and oil temperature depends on load conditions, and that there is no uniform 
relation between the two temperatures. Figures 15 - 17 below show examples of oil (TO05) 
and coolant (TW50) temperatures during different parts of this test. They also show the 
engine speed and load for reference. Also shown is the oil sump temperature (TO51) as it is 
interesting to see that this temperature varies quite independently of the coolant temperature, 
and seemingly independent of the engine speed and load as well.  
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Figure 15 Engine data from idling test during summer test. 
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Figure 16 Engine data from hill test in summer test. 
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Figure 17 Engine data from test when engine was shut down after a short driving period during summer 

test.  
 

2.5.3 Conclusions 
The results presented above suggest that the oil temperature follows the water temperature, 
albeit with a bit of damping and elasticity. It seems though as if it cannot be deduced without 
a doubt that the oil temperature follows the water temperature with a fixed temperature 
difference regardless of other circumstances like load and engine speed. This, in conjunction 
with the fact that oil temperatures have not specifically been measured in a great extent in 
engine field tests, makes it hard to come to any clear conclusions regarding the oil 
temperatures of previous engine generations, especially in sump.  
  However, based on the results from the dyno runs and the Scania database presented above, 
the oil temperatures of recent engine generations seem to have been fairly constant over the 
generations. The new engine generation presents an issue that needs to be dealt with in the oil 
temperature that is higher than previously. The new generation shows mean sump oil 
temperatures (TO51) that are notably higher than before. 
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3 Preparations of the engine 
A large part of this project has been the engine runs that were performed to investigate the 
engine oils’ oxidative resistance during high temperatures, and also where in the engine high 
temperatures and the most dramatic oxidative oil degeneration occurs. The engine that has 
been used for the engine tests is a Scania DC1213, a 380 hp 12 litre inline 6 engine equipped 
with an EGR (Exhaust Gas Recirculation) system, capable of meeting Euro 4 emission 
legislations. Which gauges that were to be used was discussed with personnel at Scania, both 
developers and mechanical staff. 
 

3.1 Gauges on the engine 
The investigation aimed to clarify how the engine oil is affected by high temperatures and 
where these effects occur when the engine is operated at severe conditions. To do this the 
engine was fitted with a number of temperature gauges to give a good picture of what 
temperatures are actually reached in the engine during the runs. The gauges that were fitted 
were: 
 

1. TO05  Oil temperature after oil filter 
2. TO51, TX01  Oil temperature in oil sump + Extra temperature gauge in  

sump 
3. TX03  Temperature before oil cooler 
4. TX04  Temperature after oil cooler 
5. TX05  At the auxiliary drive shaft 
6. TX06  Oil return from turbo charger  
7. TX07  Oil temperature in the air compressor  
8. TX08  Oil temperature after piston cooling  

 
In addition an electronic oil level gauge, designated UX01, has been mounted in the oil sump 
for continous measuring of the oil level and oil consumption. This gauge is used since the 
engine was run with less amount of oil than normal, which led to the oil level not reaching the 
oil dipstick which therefore could not be used for oil level measurements. As the engine tests 
were to be tougher on the oil than normal running conditions (see chapter 4 below for 
description of the tests), the oil level was expected to decrease more than usual and therefore 
it was important to keep track of it. 
  When calculating the total oil consumption a certain percentage of the fuel consumption 
based on experiences from Scania Standard Cycle tests in engine dynos have been assumed.  
   
In addition to these gauges a number of standard gauges have been mounted to the engine. 
These were used by the staff operating the engine dyno to check the engine status. These 
consisted of: 
 

1. NM00 Engine speed 
2. MD12 Load (effective) 
3. QG40 Blow-by 
 
4. PO06  Oil pressure before filter 
5. PO07  Oil pressure after filter 
 
6. TG11,TG12  Exhaust temperature before turbine (one gauge per inlet hole from  

the exhaust manifold) 
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7. TG28  Exhaust temperature after EGR cooler  
8. TG31-36 Exhaust temperature of cylinder 1-6 
 
9. PG21  Exhaust back pressure (static) 
10. PG23  Exhaust back pressure (total) 
11. PG51  Pressure to the exhaust braking cylinder  
12. RG28  CO2 content, exhaust 
13. RG49  CO2 content, inlet pipe 
14. RG64  EGR-rate 
 
15. TL15  Temperature of intake air 
16. TL21  Air temperature after compressor  
17. TL23  Air temperature after intercooler  
18. TL26  Air temperature in front of  ac condenser 
19. TL31  Air temperature inlet port cylinder 1  
20. PL17  Intake vacuum 
21. PL21   Air pressure after compressor, static  
22. PL27   Air pressure after intercooler  
23. PL30   Air pressure engine inlet  
24. PL90   Crankcase pressure  
 
25. TW50 Coolant outlet temperature 
26. TW54 Coolant intake temperature 
 
27. QB52  Fuel consumption 
28. TB01  Fuel temperature (supply) 
29. TB06  Fuel temperature (reflow) 
30. TB09  Fuel temperature after filter  
31. PB08  Fuel pressure before filter  

 

3.2 Gauge fitting on the engine 
Since the engine that has been used is a production engine there were no ports for external 
gauges (gauges aside from those used by the engines own control unit). Therefore it was 
necessary to make some modifications to be able to mount the gauges that have been used. 
These modifications have been performed by experienced mechanical personnel in a 
workshop at Scania. Below is a description of the mounting of the gauges that required larger 
modifications. 
 

3.2.1 TO05 and TX04 
Temperature gauges for oil temperature after the oil cooler (before the filter) and after the 
filter were fitted in the oil filter lid, as the oil passes this on its way both to and from the filter. 
This was done by welding threaded attachments onto the lid. Figure 18 shows the location of 
these gauges. 
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Figure 18 Location of gauges TO05 and TX04 

 

3.2.2 TO51 and TX01  
To measure the oil temperature in the oil sump two temperature gauges have been fitted in the 
lower end of the oil sump. These are shown in figure 19.  These are attached as described 
above by welding threaded attachments onto the sump. 
 

 
Figure 19 Oil sump with holes for gauges. 

 
Since the purpose of the investigation was to investigate how the oil was affected by high 
temperatures, cooling of the oil in the oil sump was not wanted. [9] suggests through 
development of an engine heat flow model and comparing it to test results from reality that 
the oil sump is the single largest heat sink in an engine. To avoid that, the sump was insulated 
by manufacturing a box from a 1 mm aluminium sheet that was riveted together and mounted 
on the outside of the sump. The space between the sump and the box was then filled with 
insulation foam. Figure 20 through 24 shows this work. To get the foam as evenly distributed 
as possible a number of holes were drilled into the box from where the foam was filled into 
the box. This can be seen in figure 23. The excess foam on the outside of the box was 
removed when it had hardened. 
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Figure 20 The aluminium box for insulation of the oil sump is taking shape.  

 

 
Figure 21 The aluminium box for insulation of the oil sump bent to its final shape.  

 

 
Figure 22 The aluminium box for insulation of the oil sump riveted together. 
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Figure 23 Filling of the insulation foam between the box and the sump.  

 

 
Figure 24 The insulated sump mounted on the engine.  

 

3.2.3 TX03  
The gauge for measuring oil temperature before the oil cooler was mounted in a drilled hole 
in the inlet pipe to the cooler, as shown in figure 25.  
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Figure 25 Gauge for oil temperature before oil cooler. 

 

3.2.4 TX06 
The temperature gauge for oil temperature after the turbo was fitted in the opposite direction 
of the oil flow in the pipe, right below the turbine, in an attachment that has been welded on 
to the oil return flow pipe. This is shown in figure 26. 
 

 
Figure 26 Gauge mounted in the oil return pipe from the turbo.  

 
 

3.2.5 TX07 
A temperature gauge for oil was mounted in the brake air compressor, as the oil temperature 
can rise here as well. This was fitted by drilling a hole in the outside wall of the crankcase and 
mounting the gauge here, as shown in figure 27. 
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Figure 27 Oil temperature gauge in the brake air compressor.  

 

3.2.6 TX08 
[9] concludes that the biggest heat source into the oil is the piston undercrown, where oil is 
used to cool the piston. Because of this, the temperature of the oil after the piston cooling was 
measured. To measure oil temperature after the piston cooling required some time consuming 
work to be done. 
  It became clear early on in the process that the pistons of the chosen engine did not have the 
type of cooling system required to do this kind of measurement. Since measuring of the oil 
temperature is only being done in one cylinder (cylinder number 5) the piston in this cylinder 
has therefore been replaced. The piston type originally fitted in the engine has an open look 
on the underside which does not allow easy collection of the oil that has just cooled the 
piston. The piston cooling type which is required to collect the oil after the cooling consists of 
oil channels on the underside of the piston, with one inlet and one outlet orifice, see figure 28. 
 

 
Figure 28 Underside of piston with inlet and outlet orifices for piston cooling. 

 
Figure 29 shows the same piston from above. Here both the inlet and the outlet orifices can be 
seen. It can also be seen that the piston has an opening which in this case is unwanted, since 
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the oil can leak out from here instead of coming out of the outlet orifice. This is also shown in 
detail in figure 30. To cure this problem small metal plates are welded over these openings to 
get as much of the oil as possible to come out of the outlet orifice, se figure 31. 
 

 
Figure 29 Piston with inlet and outlet orifices for piston cooling seen from above. 

 

 
Figure 30 Underside of piston with unwanted opening. 
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Figure 31 Metal plate welded over the unwanted opening. 

 
 
This kind of piston is required since to be able to measure oil temperature after the piston 
cooling a small cup is mounted in the bottom of the cylinder liner under the outlet orifice on 
the piston. This cup collects the hot oil before it flows on down to the sump. In this cup a 
thermocouple is mounted that measure the temperature after the piston cooling. Figure 32 
through 34 show how this looks. 
 

 
Figure 32 Cup that captures the oil after the oil cooling. 

 

 
Figure 33 Cup that captures the oil test mounted in the cylinder liner, cylinder liner removed from the 

engine.  
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Figure 34 Cup, cylinder, piston rod and piston fitted in the engine. Picture taken from the crankcase. 

  
Once the cup had been mounted in the engine the wire for the thermocouple was pulled 
through an inspection hatch for the camshaft at the current cylinder. The location of the hatch 
can be seen in figures 35 and 36. 
 

 
Figure 35 Inspection hatch for the camshaft with the wire for the thermocouple at the piston cooling.  
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Figure 36 Cable for the thermocouple at the piston cooling coming out from behind the brake air 

compressor.  
 
Since this cup requires some space underneath the piston this requires one side of the piston 
rod to be machined to avoid contact with the cup. Figure 37 shows the resulting look of the 
piston rod after this had been done. Here it can be seen that the rod is asymmetric to allow 
passage of the cup. 
 

 
Figure 37 The piston rod machined to allow passage of the thermocouple cup. 

 
Also some machining of the piston skirt was required to allow space for the cup when the 
piston reaches its lowest position. This is shown in figure 38, but can also be glimpsed in 
figure 33 above. 
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Figure 38 Space in the piston skirt for the oil collecting cup.  

 
Also the look of the combustion chamber and the distance between the top of the piston and 
the top piston ring differs between the two piston types. All these changes may interfere 
slightly with the engines combustion performance, but since the purpose of this investigation 
was not to make a thorough investigation of the combustion process this was considered less 
important. The look of the combustion chamber is shown in figure 39 and 40. The area that 
differs between the pistons is marked in these figures.  
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Figure 39 The engine’s original piston. 

 

 
Figure 40 The replacement piston. 

 

3.2.7 Oil level gauge in sump 
The oil level gauge that has been used is a prototype gauge under development at Scania, see 
figure 41. This was mounted in the bottom of the sump, next to the oil plug. This gauge is fed 
with 5 volts and it delivers a voltage between 0 and 5 volts depending on the measured oil 
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level. When the engine is filled with oil the gauge is calibrated by noting the voltage level at a 
number of known oil levels.  
 

 
Figure 41 The oil level gauge. 
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4 Engine runs 
The engine runs were divided into 5 tests, which were formed to give differences in the 
severity of the running conditions for the engine oils. During the runs two different oils were 
used, both supplied by Infineum UK Ltd [68]. The oils were formulated to give different 
oxidation performances. They are referred to as low oxidation performance (LOP) and high 
oxidation performance (HOP). During the tests the oils were run under similar conditions to 
compare the differences when it comes to oxidation. 
  The setup of the five engine runs was done as follows: 
 

• Test A 
o Normal sump temperature 
o Normal coolant temperature 
o LOP 
o Run as a reference test 

• Test B1 
o Raised coolant temperature  
o Higher oil temperature through removing of the oil cooler and replacing it with 

a dummy 
o Run with LOP 

• Test B2 
o The same as B1 above but with HOP 

• Test C1 
o The same as B1, but with LOP and with piston cooling nozzles with about 

20% higher flow. 
• Test C2 

o The same as C1, but with HOP 
 
Common for all the tests: 

• They were all run without cooling fan, since the coolant temperature was controlled by 
the engine dyno systems.  

• At certain intervals oil samples were taken for analysis at the oil lab at Scania. 
• To estimate the oil consumption the oil filter and oil centrifugal cleaner were weighed 

as well as the remaining oil in the sump after each test. 
• Before each test the engine was “flushed” with fresh oil so to ensure that there was 

only fresh oil in it at the start of the tests. 
• All tests were run on full load, and at maximum power (meaning that the engine was 

giving all that it had). 
• Based on discussions with personnel at Scania an engine speed was chosen that was 

supposed to give low soot values which was wanted so that the oil samples would not 
be affected by soot more than necessary. 

 
Parameters of the taken oil samples that were investigated were: 
 

• Wear metals: Mo, Cr, Pb, Fe, Cu, Na, Al, Si, Sn - ”Rotating Disc Electrode” (RDE)  
(ASTM D6595-00) 

• Additives: Ca, Mg, P, S, Zn - ”Rotating Disc Electrode” (RDE)  (ASTM D6595-00) 
• Viscosity at 40 and 100 - ASTM D446-04  
• TBN (Total Base Number) - ASTM D4739-02 
• Fuel dilution - GC-FID (ASTM D3524-04) 
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• Soot - DIN 51452 (FTIR) 
• Oxidation - DIN 51453 (FTIR) 
• Nitration - DIN 51453 (FTIR) 
• Water content - PerkinElmer-method (FTIR) 

 

4.1 Results 
Before the engine tests were commenced, a full load curve run for the engine was done to 
verify its performance. The engine was run for five minutes at each evaluated speed, for 
everything to be able to stabilise. Figure 42 shows temperature and load results from this run. 
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Figure 42 Temperature and load results from initial full load run of the engine. 

 
The results of the engine tests and the analysis of the oil samples are discussed below. 

4.1.1 Test A 
Test A showed unsurprisingly quite normal oil temperatures, see figure 43. This was the test 
that was run under close to normal conditions, with the Low Oxidation Performance (LOP) 
oil. 
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Figure 43 Oil temperatures during test A. 

 
This was the test that was closest to normal running conditions, so it was expected that this 
test would show these kinds of results. The analysis results from the oil samples, however, 
showed something that was not expected; the soot levels were surprisingly high. But since 
this was something entirely unexpected, it was not discovered until well into the second test 
(B1), so there was no time to attend to this issue between the tests. Figure 44 shows the soot 
levels during the test. 
 

Time into the test [h]

S
oo

t D
IN

 [%
]

Soot

 
Figure 44 Soot levels in test A. 

 
Once these high soot levels were discovered, the reason for them was investigated since the 
particular rpm chosen was picked because it was supposed to give low soot. More about this 
below (chap 4.1.2.4). 
 
As expected since the temperatures are not very high in this test, the oxidation levels are low 
as well. Figure 45 shows the oxidation index and Total Base Number (TBN) levels during the 
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tests. The oxidation index is a measure of the amount of oxidation compared to fresh oil 
measured using FTIR where the C=O (carbonyl) peak is analysed to determine oxidation 
level. Here 0 equals the fresh oil. TBN is a measure of the acid neutralisation capability of an 
oil. Oxidation can form weak acids so having sufficient TBN in the oil can help minimise the 
impact of this. Two TBN values were available from the oil analysis (TBN-ep and TBN-bp), 
both are based on an ASTM method [71], the difference lying in how the results are 
interpreted. The TBN-ep values are from the ASTM standardised interpretation, but 
sometimes this method is not enough to get any values from the analysis. This is where the 
TBN-bp values are a great help, since this interpretation method often can give TBN values 
when the -ep method cannot. TBN-bp values are shown here.  
  It can be seen that the oil did not show any measurable levels of oxidation until about 
halfway into the test, although the TBN value decreased earlier. This shows that it is 
important to not just analyse one of these values but both when examining the oxidation 
levels. 
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Figure 45 Oxidation and TBN levels in test A. 

 

4.1.2 Test B1 
As it was unknown what kind of temperatures would be reached through the measures used in 
this test because it had not been done before, it was very interesting to get the results. This test 
was run without oil cooler, with increased coolant temperature and with LOP oil. 
  Engine test B1 provided a bit more of a challenge for the engine oil compared to test A, as 
the test had to be aborted before full time. It was aborted because the torque that the engine 
could deliver was reduced drastically and varied very much. This was thought to be because 
the oil viscosity increased greatly and thus the oil’s ability to lubricate the engine was 
reduced. Figure 46 shows the maximum available torque over time, test B1 begins at the 
small gap in the graph. 
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Figure 46 Engine maximum load over time. 

 
The change in oil viscosity was noticed when the engine’s oil centrifugal cleaner was 
examined after the test was aborted. It was then noticed that there was no liquid oil in the 
cleaner, only a thick, syrup-like, “goo” that was clogging up the oil system. This thick oil 
substance was also filling up the oil sump, and was sticking all over the engine crankcase, 
making a thorough cleaning of the engine necessary. Figure 47 and 48 illustrates the thickness 
of the oil in the sump. It can be seen that the oil is so thick that pulling an object through it 
creates a trace where the oil does not flow back. In these pictures the oil looks a bit grey, like 
it would have high water content. This is probably just reflected light from the flash of the 
camera, since the oil did not look this grey in reality. 
   

  
Figure 47 The oil in the sump after test B1 was aborted. 
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Figure 48 The oil smeared all over the crank case. 

 
It was suggested [59] that the high oxidation and increase in viscosity that it caused was 
because of the high temperatures reached in the piston cooling, where the temperature reached 
way beyond normal levels. This suggestion was based on an investigation made previously at 
Scania [43] where oil samples were placed in an oven at different temperatures for a certain 
time. The results from this investigation showed that when the samples were exposed to these 
kinds of temperatures, the viscosity was increased so much that it became almost solid, much 
like what happened in this engine test. 
 
4.1.2.1 Oil pressure data 
The test data from the pressure gauges was analysed for decreases in oil pressure to determine 
how severe this oil-clogging was for the function of the lubrication system and whether or not 
it clogged up other parts of the system as well. Figure 49 shows the oil pressure before and 
after the oil filter, these were the only oil pressure gauges available in this test, and it also 
shows the difference between them. It shows data from both test A and B1. The step in the 
pressure level that can be seen is where the test changed from A to B1. 
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Figure 49 Oil pressures during the test. 

 
In this figure it can be seen that the oil pressure difference had almost not changed at all over 
the oil filter until at the end of the test, indicating that there was no problem with the filter 
until then. However, it is important to bear in mind that the oil filter incorporates an additional 
bypass oil pipe that opens up when the pressure gets too high. So the filter might be clogged 
up and the oil would still be allowed to flow past it. The same goes for the oil centrifugal 
cleaner. The dramatic pressure increase at the end of the curves clearly suggests that the oil 
was too thick to be flowing freely in the oil pipes and that the oil filter and the bypass pipes 
were clogged. The small decrease in the pressure difference at the end of the test suggests that 
more oil was flowing past the filter than through it. 
  Further inspection of the oil filter showed that the oil filter indeed was filled with very thick 
oil that was stopping up the flow through the filter, so the conclusion was drawn that at least 
during the later part of the test much of the oil was flowing past the filter without being 
filtered. 
  The large difference in oil pressure that can be seen between the tests was suggested to be 
because of the rise in the oil temperature. This was confirmed when examining a previous 
investigation at Scania of oil pumping capabilities versus oil temperature [56], which showed 
that the oil pressure drops as the temperature rises, due to viscosity decrease. 
 
4.1.2.2 Oil temperature data 
Figure 50 shows the oil temperature during the whole test period at the different locations 
where it was measured in the engine.  
 



Scania CV AB, Södertälje  The oil temperature’s effects on engine oil  
  degradation in trucks 
 

Marcus Eriksson Page 49 2007-06-19 

Time into the test [h]

Te
m

pe
ra

tu
re

 [°
C

]

TO05, Oil temperature after filter

TO51, Oil temperature in sump

TX01, Extra sump temp

TX03, Temperature before oil cooler

TX04, Temperature after oil cooler

TX05, Temperature at auxiliary drive shaft

TX06, Temperature at oil return after turbo

TX07, Temperature in crankcase of brake
compressor
TX08, Temperature after piston cooling

 
Figure 50 Oil temperatures during test B1 

 
The dips in temperature in this figure are because of the engine inspections that were done a 
few times during the test, when the engine had to be stopped for short periods because of 
alarms going off caused by the high temperatures. 
  As can be seen, the oil temperature after the turbocharger is the second highest temperature 
during the test. The temperatures reached here are much higher than recommended for the 
turbo. This led to the question of whether or not the bearings in the turbo were up for these 
kinds of challenges. After discussion with turbo technicians at Scania it was decided that the 
turbo was to be replaced and inspected, since it was more or less certain from the oil 
temperatures that the turbo was on the verge of breaking down. There is an oil temperature 
limit for the oil inlet of the turbo that has been set up by Scania for the turbo to be functioning 
properly, and the temperature reached here greatly exceeds that limit.  
 
4.1.2.3 Loss in engine torque 
The loss in engine torque in this test was an issue that was thoroughly discussed after the test. 
One theory was that since the turbo was exposed to higher temperatures than it was designed 
for, it might not have got the lubrication it needed to be able to work properly and charge the 
intake air enough because of high wear and damage in the bearings. But after consulting 
personnel at Scania [60], it was found that this could not have been the case since the drop in 
intake air charge has to be much greater in order to affect the engine torque. This is due to the 
high lambda values (air/fuel ratio) that are used in diesel engines, which gives quite high 
margins before the available oxygen is not enough for the amount of fuel. It was suggested in 
this discussion, based on the fact that the engine showed a much greater amount of soot than 
expected, that the fuel injectors might have been a bit sealed by coke. This theory was also 
supported by the fact that the amount of injected fuel per work stroke decreased at about the 
same time that the torque decreased. Still it was decided after consulting turbo charger 
personnel at Scania [61] that the turbo should be replaced and the old unit examined to see 
how severe the damages were, since it had not been tested for these high temperatures before. 
After the turbo had been examined it was found that the damage to the bearings in the turbo 
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was less severe than expected and that it probably would have been able to continue working 
properly for the rest of the tests. This conclusion was reassuring since the whole point of the 
tests was to run the engine at high temperatures. 
  Also, the engine was cleaned by running it with engine oil mixed with 30% diesel, and after 
this a test run was performed to see how the engine performed. This test run showed similar 
results to the test run that was performed before the engine tests started, see figure 51. This 
further supported the theory of coked injectors, since the engine cleaning process easily might 
have cleaned the injectors and thus restored the engine’s performance. Worth mentioning here 
is that in this performance test the engine still used the old turbo charger, and that the 
difference in oil temperatures is because the oil cooler is removed as part of the configuration 
for the B1 and subsequent tests. 
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Figure 51 Temperature and load results from second full load curve run of the engine. 

 
  Further discussions with Scania personnel [62, 63] led to another simple but interesting 
theory that suggested that since the fuel temperature got higher (fuel temperatures for the 
supply and reflow lines during the test are shown in figure 52) during test B1, its volume 
increased as well. This may have led to a reduced amount of fuel being injected at each 
injection. The construction of the injectors (HPI-injectors) may play a part since the amount 
of fuel injected is controlled by timing fuel and if the fuel’s density is decreased significantly 
this may affect the function of the injectors. 
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Figure 52 Fuel temperatures over time 

 
Another theory that came up in the same discussion was that since the fuel injectors are 
lubricated with the engine oil they are probably slowed down by the poor oil quality and 
therefore cannot deliver the amount of fuel they are supposed to. 
  The poor oil quality probably also led to bad lubrication of the whole engine, which caused 
the torque to be reduced. 
 
4.1.2.4 Oil analysis 
During this engine test a few oil samples were taken for analysis at Scania’s oil laboratory. 
The oil analysis showed that the oil indeed was very oxidised as suggested above. It also 
showed that there were significant amounts of bearing materials in the oil towards the end of 
the test, suggesting that the bearings had been worn more than usual. This is not very 
surprising since the oil quality was reduced a lot during the test. It must be noted though that 
the analysis results of the last oil sample were very uncertain because of the poor oil quality 
when this sample was taken. They were good pointers though, and could still give a good 
understanding of what happened. Bearing material levels are shown in figure 53. The high 
levels initiated a discussion of whether or not running the engine at full load should be 
continued for the rest of the tests. 
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Figure 53 Bearing material levels during test B1. 

 
Figure 54 shows how the oxidation increased during the test and also the TBN decrease. It 
can be seen that the oxidation literally rockets to very high levels in the last sample. Even 
though the results are not very precise, this is exceptionally high. This proves that somewhere 
along the way a break point has been reached where the oil can no longer deal with the 
oxidation. The fact that the TBN has reached zero when the last sample was taken further 
proves that the oil’s protection against oxidation has been depleted. 
  The level and rate of oxidation is a bit higher than both expected and even wanted, so 
obviously this test has been run with temperatures that are a bit too high for the test to be 
viable for the full scheduled test length. 
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Figure 54 Oxidation and TBN levels during test B1. 

 
As mentioned above the oil samples also showed high soot levels, like they did in test A 
(figure 55 shows the soot levels during test B1). This was a bit confusing, since it was 
investigated before the engine tests were begun which rpm that should be chosen in order to 
get low soot levels. Further discussion with additional personnel at Scania [60] after this test 
led to the finding that the chosen engine speed in fact is quite a bad choice if low soot levels 
are wanted. Instead, it was suggested that the engine speed should be lowered about 8-10%. 
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Figure 55 Soot levels during test B1. 

 
4.1.2.5 Conclusions 
From the results discussed above it was decided that the test B1 was not successful and 
therefore should be rerun from the beginning, with the engine running at a lowered engine 
speed, and with an aim for 5-8% lowered sump temperatures. Also the load was reduced to 75 
%, in order to save the bearings of the engine. These parameters replaced the previous ones 
for the rest of the tests. 
  In order to reach the desired sump temperature, the water temperature was lowered. The 
correct water temperature was found by running the engine with Scania reference oil and 
increasing the water temperature until the right oil sump temperature was reached. Then the 
engine was flushed with fresh oil of the LOP type, and the test B1 was restarted. 
 
It can also be concluded that there are no simple explanations to why the engine torque 
dropped. It seems like it was simply a result of many small factors that worked together. None 
of the theories presented above regarding this manner have neither been confirmed nor 
denied. 
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4.1.3 Test B1 – second run 
The second run of test B1, henceforth called test B1-2, was completed successfully. The 
engine ran smoothly and no incidents were reported. This test was run with the oil 
temperature in sump controlled, 75% load and at a lowered engine speed. These parameters 
were kept for the rest of the tests in the series. This test also was run with LOP oil. 
 
4.1.3.1 Oil temperature data 
The oil temperature in the sump was kept stable at a fixed temperature, which resulted in 
piston cooling temperatures that were about 10-13% higher than this temperature. Figure 56 
shows oil temperatures during the test. As can be seen the oil temperatures were much more 
stable in this test, except for the small dips when the engine had to be stopped for oil 
sampling. 
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Figure 56 Oil temperatures and oil level during test B1-2. 

 
Figure 56 also shows the oil level in the sump, measured by the electronic oil level gauge. 
When comparing the oil level decrease with what was expected it was suspected that there 
was some kind of failure in the gauge since the oil level decrease shown was much lower than 
the calculated decrease. When the remaining oil in the sump was weighed together with the 
oil in the filter and centrifugal cleaner, it showed that the actual decrease in oil amount 
divided with the measured volume decrease gave a density of 0.91 kg/l. A figure of between 
0.85 and 0.9 kg/l is commonly used as density for engine oil [59]. This confirmed that the oil 
level was working as it should. When this was discussed with engine dyno personnel at 
Scania [63] it was suggested that the oil consumption that was originally expected indeed is 
probable in a Scania Standard Cycle test, from where this consumption figure had been 
collected. But since this engine is running a little different from an engine in a Scania 
Standard Cycle test, the oil consumption should indeed be lower. This is considered proven 
by this engine test. One must remember when looking at the oil consumption that a certain 
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amount of oil is removed in the oil samples, which reduces the actual oil consumption of the 
engine slightly. 
  Also shown in figure 56 is the coolant inlet temperature, which was used to control the oil 
temperature in the sump. An automated function was used to monitor the oil sump 
temperature and to regulate the coolant temperature according to this. As can be seen the 
water temperature had to be varied more than one might expect in order to keep the sump 
temperature at a constant level. 
 
4.1.3.2 Oil pressure data 
The oil pressure data showed something peculiar; the oil pressure was dropping steadily 
during the test, see figure 57. 
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Figure 57 Oil pressure during test B1-2. 

 
To have a drop in oil pressure during engine tests is normal, but a pressure drop of this size is 
common in Scania Standard Cycle tests, not in tests that last for a significantly shorter time 
period as this test did. Discussions [56, 59, 64] led to the suspicion that there were some 
faulty gaskets that were leaking in the oil system. It was suggested that they were not able to 
withstand the high oil temperatures reached during the previous engine run and therefore were 
broken. When discussing this with engine dyno personnel [63], it was revealed that the 
gaskets had already been inspected and replaced when the engine was being cleaned between 
tests B1 and B1-2. After test B1-2 the oil pump was removed and inspected again, without 
finding anything out of the ordinary. It was therefore decided that the remaining tests were to 
be continued as planned and the oil pressure was to be monitored carefully, should the oil 
pressure drop again. 
 
4.1.3.3 Oil analysis 
The oil analysis from test B1-2 showed that the change in engine rpm had the desired effect 
on soot levels, as seen in figure 58.  
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Figure 58 Soot levels during test B1-2. 

 
When it comes to oxidation, the levels are a bit higher than in test A, but far from as high as 
in test B1. This is what was expected and wanted, and so it was found that the new running 
conditions (see chapter 4.1.2.5 above) gave satisfactory results. Figure 59 shows the oxidation 
and TBN during test B1-2. It can be seen that already after about half of the test the oxidation 
index level had passed the oxidation index level at the end of test A (5%). 
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Figure 59 Oxidation and TBN during test B1-2. 

 
The levels of bearing materials in the oil were also very low during this test, showing that the 
oil retained its lubricating ability throughout the test. Figure 60 shows the bearing material 
levels during B1-2. The decrease in material levels that can be seen towards the end of the test 
lies within the uncertainties of the analysis, and the bearing materials can therefore be 
regarded as being on a constant level in these samples. 
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Figure 60 Bearing material levels during B1-2. 

4.1.3.4 Conclusions 
From the results of the oil analysis and the oil temperature gauges it was concluded that the 
new running conditions that were specified after the failed test B1 gave satisfactory results. 
The engine was exposing the oil to higher temperatures than normal, but not high enough for 
the oil to oxidise completely which would render it virtually useless, as seen in test B1.  
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4.1.4 Test B2 
Test B2 was formulated the same way as B1/B1-2, but with the high oxidation performance 
oil. Due to a misunderstanding from the personnel running the engine dyno, the engine was 
run longer than the planned time period. So the data presented for this test is for this 
somewhat prolonged period. 
 
4.1.4.1 Oil temperature data 
During test B2, almost the same oil temperatures were reached at all of the gauge positions as 
in test B1-2, see figure 61.  
 

Time into the test [h]

Te
m

pe
ra

tu
re

 [°
C

]

O
il 

le
ve

l [
ltr

]

TO05, Oil temperature after filter

TO51, Oil temperature in sump

TX01, Extra sump temp

TX03, Temperature before oil cooler

TX04, Temperature after oil cooler

TX05, Temperature at auxiliary drive shaft

TX06, Temperature at oil return after turbo

TX07, Temperature in crankcase of brake
compressor
TX08, Temperature after piston cooling

TW54, Engine coolant inlet temperature

UX01, Oil level gauge

 
Figure 61 Oil temperatures and oil level during test B2. 

 
In this figure the oil level is shown as well, which correlates well with the measured 
remaining oil amount at the end of the test. This oil consumption includes the oil that was 
removed in the oil samples as well. 
 
4.1.4.2 Oil pressure data 
During this test the oil pressure was stable on the same level where it levelled out during the 
later part of the previous test, indicating no further problems with the oil pump. It was still a 
bit puzzling that the oil pressure dropped in the previous test, with no obvious faults with the 
pump or the engine itself. But since the oil pressure had not dropped to critical levels, the tests 
were continued with the oil pressure under extra supervision. Figure 62 shows the oil pressure 
during test B2. 
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Figure 62 Oil pressure levels during test B2. 

 
4.1.4.3 Oil analysis 
The oil analysis of this test showed something quite odd and unexpected. The oxidation index 
levels were higher than in the B1-2 test. This was odd because the oil used in test B2 was the 
oil that was supposed to have better oxidation performance and therefore should show lower 
oxidation index. When looking at the TBN values they show expected behaviour since the B2 
test show higher TBN values. So these two results were in conflict with each other. Another 
way of comparing oxidation between the tests is to look at the rate of oxidation, i.e. the 
inclination of the curves. This gives an apprehension of the performance of the oils, and 
should differ in that the LOP oil should oxidise faster. This does however not seem to be the 
case here since both curves have about the same inclination. Discussions [65] suggested that 
the expected behaviour of the oxidation index might not show until after a longer running 
period. This theory was also supported in later discussions, when it also was suggested that it 
might be that the repeatability of the tests is poor [54], and that this might lead to that the 
results have bad accuracy. 
  Figure 63 shows a comparison of TBN values and oxidation indexes for tests B1-2 and B2. 
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Figure 63 TBN and oxidation index for tests B1-2 and B2. 

 
As seen in this figure test B2, which was run with the HOP oil, shows higher TBN values than 
test B1-2. This is to be expected since TBN is a way of measuring how much oxidation the oil 
can deal with and test B2 with high oxidation performance oil should therefore show higher 
TBN values. It might be that the length of the tests is too short for the oxidation levels to end 
up on the expected levels.  
  These results also contradicts the results from bench testing of the two oils used in this test, 
where the oils were exposed to similar tests (Cummins M11 EGR and Mack T10, figure 64 
and 65, both tests are part of the API CI-4 and ACEA E7 specifications) and showed results in 
relation to each other that differed from test B2. 
 

 
Figure 64 TBN - TAN crossover in Cummins M11 EGR engine bench test [74]. 
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Figure 65 TBN - TAN crossover in Mack T-10 EGR engine bench test [74]. 

 
4.1.4.4 Conclusions 
In order to verify the results from tests B1-2 and B2, it was decided that as a first step test B1-
2 would be rerun after the test series, to see if the same results would appear once more. This 
would also give an idea of the repeatability of the tests. 
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4.1.5 Test C2 
Due to oil supply problems in the engine lab because of unexpectedly high consumption of 
LOP oil the order of the tests C1 and C2 had to be swapped. This test together with C1 was 
the test that used the increased flow to the piston cooling system, to see what difference that 
would make for the temperature and oxidation of the oil. This was because it had been 
suggested [59] that the piston cooling system temperatures may play a big part in oil 
oxidation, even bigger than sump temperatures. This test used the HOP oil. 
 
4.1.5.1 Oil temperature data 
The oil temperatures in this test were on the same levels as in the previous test, making it 
even more interesting to see what difference in oxidation the increased flow to the piston 
cooling system would make. Figure 66 shows the temperatures during test C2. It also shows 
the oil level during the test. This, however, does not correlate with the weighed amount of oil 
remaining after the test. It was decided that the consumption from the weighed amount was 
the figure that was to be trusted, since it was a procedure that was carried out in the same way 
after each test and the electronic level gauge was a bit unstable. Comparing the consumption 
figure with test B2, the oil consumption had increased, a notable difference that seems to be 
because of the increased flow to the piston cooling. 
  The oil temperature after the piston cooling reaches a maximum which is only slightly lower 
than in test B2. The increased flow does therefore not seem to affect the temperature 
considerably. 
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Figure 66 Oil temperatures and levels during test C2. 

 
4.1.5.2 Oil pressure data 
Compared to test B2, a slight but notable drop in oil pressure could be seen. This was 
suggested [56] to be because of the new piston cooling nozzles that give a reduced pressure 
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because of the higher flow rate. Figure 67 shows the oil pressure levels in these tests (B2 and 
C2).  
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Figure 67 Oil pressure levels during tests B2 and C2. 

 
4.1.5.3 Oil analysis results 
The oil analysis showed interestingly that the oxidation and TBN values in test C2 did not 
differ considerably from the B2 test. Figure 68 shows oxidation index and TBN values for 
tests B2 and C2. 
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Figure 68 Oxidation index and TBN values for tests B2 and C2. 

 
The differences in the levels and change rates that can be seen between the tests are so small 
that they can be regarded as within the error margins, especially since the engine runs are not 
exactly the same due to inevitable engine variations. 
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4.1.5.4 Conclusions  
From the results in this test, it seems that increasing the flow to the piston cooling system 
does not have any considerable effect on the oil oxidation. However, it might be that the 
length of the tests is too short for any effects to show. If the tests would be longer, perhaps the 
oxidation levels would differ more.  
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4.1.6 Test C1 
This test also used increased flow to the piston cooling system, but was run with the LOP oil. 
Much like test C2 did, this test showed results similar to its low piston cooling flow 
counterpart; B1-2. 
 
4.1.6.1 Oil temperature data 
The oil temperatures were on the same levels during this test as they were during the previous 
tests. Figure 69 shows the temperatures and oil levels during these tests. 
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Figure 69 Oil temperatures and levels during test C1. 

 
Again, the electronic gauge showed values that differed from the weighed values. This 
indicated that the electronic gauge was getting unreliable despite recalibration before the 
beginning of this test, and that the weighed value was more reliable. 
 
4.1.6.2 Oil pressure data 
The oil pressure showed similar results to test C2. The pressure remained on virtually the 
same levels throughout the test. In both tests the oil pressure was lower than in the tests with 
the piston cooling nozzles that had lower flow. Figure 70 shows the oil pressure levels during 
tests C1 and C2. 
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Figure 70 oil pressure levels during tests C1 and C2. 

 
4.1.6.3 Oil analysis results 
Like in test C2, the difference in TBN compared to with lower piston cooling flow is not very 
big, figure 71. It is however more clear than in the C2 test. The oxidation index differences 
are greater, showing that higher flow seems to reduce oxidation slightly with this type of oil. 
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Figure 71 Oxidation index and TBN values during tests C1 and B1-2. 

 
Comparing tests C1 and C2, the same tendencies can be seen as in the comparison of tests 
B1-2 and B2. The high oxidation performance oil shows higher oxidation index values than 
the low oxidation performance oil. Figure 72 shows TBN and oxidation index values for tests 
C1 and C2. 
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Figure 72 Oxidation index and TBN for tests C1 and C2. 

 
When looking at the change rates in these tests, the same results can be seen as in the 
comparison of tests B1-2 and B2, the change rates are almost the same in both tests. The 
results from these comparisons were further discussed [52, 54] and it was suggested that since 
the same sort of results showed from both comparisons, the accuracy of the tests was quite 
good. However, it was strongly suggested that the length of the tests was insufficient for the 
analysis to show results that indicated real behaviour of the oil. The oils simply did not have 
enough time to oxidise enough. It was also suggested that the unexpected oxidation index 
levels were because of chemical reactions that did not lead to harmful oxidation of the oil but 
which still were causing carbonyl peak increases. In the same way, the decrease in TBN did 
not necessarily mean that the oil was degrading to the extent suggested by the TBN drop 
because of possible other chemical processes that might lead to TBN depletion. 
 
4.1.6.4 Conclusions 
This last scheduled engine test combined with the previous ones led to the conclusion that to 
be able to get satisfactory results from this type of investigation the engine tests need to be 
prolonged, and with slightly increased severity without being too severe. It has been shown 
with the results from the B1 test that choosing a good level of severity is quite a balancing act 
since the difference in oil temperature compared to the subsequent tests is not that high. Still 
the B1 test presented far too severe conditions. 
 
It was decided that the best way to proceed was to extend the engine test series with 
additional tests which were to be run at slightly increased temperatures and for longer periods. 
However, due to lack of time within this project, these tests were to be run independently and 
the results will not be presented in detail in this report. 
 

4.1.7 Extra B1 test 
As decided after test B2 was finished, the B1-2 test was repeated in order to verify the results 
and repeatability of the tests, called B1-3.  
  This test showed similar temperature results as in previous tests, indicating that the 
repeatability is acceptable. However, the oil consumption was nearly halved compared to test 
B1-2, contradicting good repeatability. The reason for this could not be explained, since the 
test was performed in exactly the same way as previously. Unfortunately, the electronic oil 
level gauge failed when this test was started, so there were no results from this device 
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available to compare with. Figure 73 shows a diagram that compares the oil consumption over 
the tests. 
 

 
Figure 73 Oil consumption over the tests. 

 
The oil analysis results showed nothing that would explain the lowered oil consumption. 
There was a theory [63, 66] that suggested that there would be a great increase in diesel 
amounts in the oil, but the oil analysis showed no signs of this. The reduced consumption 
remained a mystery, since there was nothing mechanical in the engine that had changed.  
  The oxidation index and TBN show values quite similar to the B1-2 test, further indicating 
acceptable repeatability of the tests, see figure 74. In this figure the results of tests B2 and C1 
have also been added for reference. 
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Figure 74 Comparison of oxidation index and TBN values in tests B1-2, B1-3 and B2. 

 
Mentionable here is that the difference in oxidation index levels and change rates between 
tests B1-3 and B1-2 is about the same as the difference between tests B1-2 and C1, all of 
which were run with the same (LOP) oil. This again puts in question the repeatability of the 
tests. It shows that the spread in results is considerable between tests. More importantly it also 
puts in question the finding after test C1 that increased piston cooling flow seemed to 
decrease oxidation with this type of oil. 
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4.1.8 Additional prolonged engine test 
As concluded after test C1, additional engine runs were to be run. At the time of this being 
written, about one third of the first test had been completed running with the High Oxidation 
Performance oil. One clear tendency that has been observed is that the injected fuel quantity 
and with that the maximum available engine load drops with time. When the engine is 
stopped regular intervals for oil samples to be taken, these parameter values go up again. The 
reason for this unexpected behaviour is not clear, but it has been suggested [63] that it occurs 
because of thermal expansion of the valve train when the engine is running at high 
temperatures for longer time periods, which would affect the injection quantity since the 
injectors are controlled by this mechanism. This explanation seems likely, and may also to a 
certain extent explain what happened at the B1 test when the injection quantity and maximum 
engine load dropped. Figure 75 shows the injection quantity and engine load over time in this 
extra test. 
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Figure 75 Engine load and injected fuel quantity over time during first 100 hours in additional 300h 

engine test, HOP oil. 
 
During earlier engine tests in the series, weak tendencies were shown for the same behaviour 
that has been shown here, but not to this great extent. This might be showing that the 
materials in the valve train are exposed to abnormal thermal stress in these tests which 
eventually may lead to material strength phenomena like plasticization.  
 

4.2 Infineum lab test results and discussion 
The analysis of the oils performed by Infineum consisted of both bench testing of unused oils 
as well as additional analysis of the used oil samples from the engine tests. These tests were 
performed to show the difference in performance of the two oils in unused state, and also to 
be able to confirm or correlate to the engine test results. 
 



Scania CV AB, Södertälje  The oil temperature’s effects on engine oil  
  degradation in trucks 
 

Marcus Eriksson Page 70 2007-06-19 

4.2.1 Bench testing 
The bench testing consisted of two tests, isothermal Pressurised Differential Scanning 
Calorimetry (PDSC) which is a thin film test and Infineum NitroOxidation (INOx) test which 
is a bulk oxidation test, see chapter 2.3.1 for test descriptions. These tests were performed to 
try to mimic the combination of piston ring and sump oxidation through thin film and bulk 
oxidation tests. 
 
The PDSC results from the bench testing showed that the oils show much greater difference 
in oxidation performance than indicated by the engine tests. The method used is isothermal 
PDSC, where the oils have been held at 210°C until oxidation induction is detected. The 
results are presented in figure 76. 
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Figure 76 PDSC results for fresh oils. 

 
The results from this test are a clear indication of what has already been suggested: the engine 
tests were too short to show discrimination between the oils and to show any real trends. 
However, the PDSC test is a hot surface test, simulating to a certain extent what happens with 
the oil in the piston cooling area. As it has been shown with the C tests that the piston cooling 
does not seem to affect the oil oxidation a great deal since the oxidation rate is almost the 
same for both oils in both test types when looking at TBN values (see chap 4.4 below), these 
results may only have limited application in this case. Another way of looking at it is that 
based on the large difference between the oils’ oxidation levels that has been shown in the 
PDSC test, and the little difference that can be seen between the levels in the engine tests with 
normal and increased piston cooling flow, this may further prove that the piston cooling has 
less impact on engine oil oxidation than expected.  
 
The INOx bench test results showed that neither the viscosity nor the carbonyl peak area did 
change for the HOP oil, as they did for the LOP oil. Figures 77 and 78 show the results from 
these tests. 
  These results show that there is quite a big difference in the oxidation handling capabilities 
of these two oils. This once again suggests that the engine tests, which do not show these 
kinds of tendencies, were too short.  
  The dramatic viscosity and peak area increase that can be seen for the LOP oil in figures 77 
and 78 can be related to the results of test B1, where the viscosity and the oxidation index 
(which is directly dependent of the peak area increase) also increased dramatically. As the 
INOx test is a bulk oxidation test, simulating sump conditions, it might be fairly safe to 
conclude that the high oxidation and viscosity results of test B1 were due to high sump 
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oxidation, which along with the PDSC results in a way supports the already presented theory 
that high sump temperatures are more severe for engine oil oxidation than high piston cooling 
temperatures. This theory was also supported in discussions with Infineum [54, 68] 
 

 
Figure 77 Viscosity at 40°C during INOx bench test [74]. 

 

 
Figure 78 Carbonyl peak area increase during INOx bench test [74]. 

 

4.2.2 Oil sample analysis 
The oil sample analysis done by Infineum showed additional support to the theory suggested 
after test B2 was completed that the engine tests were too short. The TAN values did just 
barely start to increase as each engine test was finished, see figure 79. 
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Figure 79 TAN and TBN for all the scheduled engine tests. 

 
Since the TAN/TBN crossover point is often used as a point where the oil no longer can 
provide satisfactory oxidative protection [10], these results show that there is still a long way 
to go before any clear tendencies can be seen regarding oxidation and oil degeneration in 
these tests. 
  Also, PDSC testing has been performed on the used oil samples from the engine tests to 
further analyse the level of oxidation. For this analysis the test procedure had to be modified 
to run under a lowered temperature. This modification was necessary in order to get 
comparable results from the two oils, since running PDSC under 210°C conditions gave 
induction times that were too short to be measured when testing the used LOP oil samples. 
This is because of what is shown in figure 76 above, that the LOP oil does not seem to have 
much oxidation capability for this type of test to begin with. The new test temperature was 
determined by using dynamic PDSC on the last sample of test A. The results from the used oil 
PDSC tests are shown in figure 80. 
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Figure 80 Isothermal 180°C PDSC results for the used oil samples from the engine tests [74]. 

 
These results show that the HOP oil in both tests (B2 and C2) apparently had quite a lot of 
oxidation capability left, compared to the LOP oil in tests B1-2 and C1. These results show 
once more that the engine tests apparently were too short to show real oxidation tendencies. 
Although the results are not very linear for the HOP oil (which is due to less well calibrated 
test conditions during the lower temperature test than under the 210°C test), they still give a 
fairly good idea of the trends. The fact that the LOP oils almost reach zero at the end of the 
plots is a further indication that multiple parameters should be investigated when analysing oil 
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oxidation, since this shows that one parameter might show low, almost unmeasurable values, 
while another parameter might not even have started to change (TAN/TBN values). 
 

4.3 Engine test conclusions 
When looking at the oil temperatures in test B1 (the failed first B test), it can be noted that the 
temperature after the piston cooling was constantly about 10-13% above the temperature in 
the sump, up until the point when the engine started losing torque. At this point the difference 
between these temperatures decreased as the sump temperature increased faster than the 
piston cooling temperature. The sump temperature increase at the later part of the test 
indicates that at this point the oil’s viscosity and the amount of sludge was so high so that the 
turbulence in the sump was reduced drastically. This would lead to less circulation of the oil 
in the system and less cooling of the oil since the sump was insulated. 
  Regarding the oil analysis results for this test it can be seen that the oil seems to have the 
ability to cope with the oxidation levels at these high temperatures for only a limited time. 
After that the antioxidants get depleted and the oil oxidises very fast which creates the sludge 
that was the result of this test. 
 
Test B2 shows an example of how difficult it might be to define a test that gives comparable 
results over a series of tests, since the analysis results were so distant from what was 
expected. The test must be very well defined, and even then may still show unexpected 
irregular results. 
 
The oxidation level in test C2 (which was run before C1), combined with the fact that the oil 
consumption increased and the temperatures remained unchanged, suggests that increased 
piston cooling flow should be carefully considered before being implemented. Increased flow 
to the piston cooling does not seem to be an unambiguous efficient way to save the oil’s life, 
based on oxidation, TBN and temperatures. 
 
The results from all of the engine tests show that the length of this type of tests should be 
increased to be able to get satisfactory results from them. This should allow for the analysis 
results to show more stabilised trends. 
  Another overall result that should be noted is that the return flow from the turbo shows the 
second highest oil temperature. This might propose a problem in the future, if not as a turbo 
design and material issue then possibly as an oil thermal degradation issue. Further 
investigations of how big impact the turbo has on oil oxidation should be considered. 
 

4.4 Engine test discussion   
To show an example of what kind of tendencies that are wanted in the analysis results from 
these engine tests, Scania LDF results for both of the oils in this test have been used to form 
illustrating plots of TBN and TAN values. These test results were used as a reference to see 
approximately how far from TAN/TBN crossover the engine tests were. The TBN-ep values 
at the end of the engine tests were compared with the LDF test for the same oil to get an 
apprehension of how far into an LDF test this would equal. 
  The Scania Long Drain Field (LDF) test is a test which has been run since 1996 by Scania to 
meet market demands for extended oil drain intervals. It is a test which has become known by 
oil companies as a very hard test to pass, which requires very well formulated oils [46]. In 
these tests, customer vehicles that are run in traffic slightly above average in oil severity are 
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evaluated for about 2*120 000 km (extended oil drain interval), with oil samples being taken 
5-6 times during this time. 
  Figures 81 and 82 show LDF TBN and TAN results for both oils. 
 

 
Figure 81 LDF TBN and TAN values for the HOP oil. 

 

 
Figure 82 LDF TBN and TAN values for the LOP oil. 
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In these plots the TAN/TBN crossover can be clearly seen. Taking the TBN values at the end 
of the engine tests into account, simple calculation gives that the length of the engine tests 
would have to be multiplied with about 3.9 in order to reach crossover for the HOP oil. The 
same procedure for the LOP oil tests gives that the test length needs to be multiplied with 
about 2.8. Although it is not needed to reach the crossover point to see tendencies in TBN and 
TAN values, this still gives a hint that the engine tests were too short to show noticeable 
results. Also important to bear in mind here is that during the LDF trials there were oil refills 
in the engines, as opposed to the engine tests in this project where no refills are performed 
during the tests. This would most certainly affect the time until crossover. 
  Another noticeable point is that the HOP oil, which is supposed to have better oxidation 
performance, shows earlier crossover than the LOP oil. This, however, is most probably 
because the two oils have been running in different engine types. The HOP oil has been 
running in a DT1211 Euro 4 engine with EGR, and the LOP oil in a DSC1205 Euro 2. As the 
Euro 4 engine is equipped with EGR, which is causing more severe conditions for the engine 
oil, this may well explain the difference in time until crossover [54, 59]. 
 
One important conclusion to be drawn is that the engine tests performed in this project were 
too short to show any good tendencies in oil oxidation. When performing these kinds of tests, 
although they are more severe than usual they should be running for longer time periods, 
preferably with increased severity. Perhaps also raising the coolant temp slightly might be a 
good approach. This temperature should be between the temperature for the failed original B1 
test and the completed subsequent tests. But, as the temperature apparently is a bit more risky 
to alter, the time period should be the first parameter one should change and see what results 
this would render.  
  The small difference between the temperatures and the big difference in result between the 
failed and the completed tests is a good indication of how difficult it might be to formulate 
engine tests that give satisfactory results. 
 
An important lesson to be learned is that in contradiction to what has been previously 
assumed the oxidation index does not seem to be the best parameter to evaluate when 
examining oxidation and comparing different oils and tests. Instead, multiple parameters 
should be evaluated, and weighed against each other in order to determine the level of 
oxidation of any given oil sample [53]. The parameters included in such an analysis could 
include: 

• % viscosity increase, since the viscosity is affected by oxidation as shown in these 
engine tests. 

• Carbonyl peak as indicated by FTIR analysis, since this parameter is used when 
determining the oxidation index of an oil. 

• TAN, total acid number, which is an indication of the number of acidic species 
present in the oil. Oxidation is a great source of acidity in the oil. 

• TBN, total base number, which indicates how much additional acidity the oil can 
handle. With increased oxidation, this number decreases. 

• Presence of Pb, Cu, Fe and other wear metals, since these are a product of a worn 
engine that may be because of degraded oil. And metals in the oil may also catalyse 
the oxidation process which will further accelerate the oxidation process. 

 
When looking at the viscosity change in these tests, two values were available from the oil 
analysis; viscosity at 40°C and at 100°C. Figures 83 and 84 show viscosity values for tests 
B1-2 thru C1. 
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Figure 83 Viscosity at 40°C. 
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Figure 84 Viscosity at 100°C. 

 
Looking at the 40°C values, only test B2 shows a good trend, the rest of the curves show more 
erratic behaviour. This further supports the conclusion that the tests should have been longer 
in time, since a clear change in viscosity would be a good sign of oxidation in the oil. This 
especially applies in this case where the soot levels are low, with soot normally being a great 
source of viscosity increase. The 100°C values are not varying much at all, further indicating 
no good trends from these engine tests. 
 
Also, another conclusion is that comparing absolute values of oxidation index should be 
avoided. Instead, the incline of the curves should be compared, i.e. the rate of change of 
oxidation index. This would give a better comparison between the oils. Such a comparison is 
shown in figures 85 and 86. Here the two different oils are compared in both engine test types 
(B and C, raised temperatures with normal and increased piston cooling flow, respectively), 
and linear trendlines are added to further illustrate the rates of change. 
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 Figure 85 Oxidation index and TBN-bp for the B tests. 
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Figure 86 Oxidation index and TBN-bp for the C tests. 

 
What can be seen in this comparison is that during the B tests (figure 85) the oxidation indices 
for both oils change with about the same rate, as indicated by the incline of the trendlines. The 
TBN values seem to change with exactly the same rate in both oils. 
  For the C tests it can be seen that the oxidation index increases faster for the HOP oil, and 
that like in the B tests the TBN values decrease with the same rate. This would mean that the 
HOP oil’s oxidation performance is equal to, or even worse than, the LOP oil. This however 
contradicts the results from the extensive bench testing that has been performed with these 
two oils, which has been far more extensive than the two tests presented in this report (chapter 
4.2.1 above).  
  These results further support two things that have been suggested earlier:  



Scania CV AB, Södertälje  The oil temperature’s effects on engine oil  
  degradation in trucks 
 

Marcus Eriksson Page 78 2007-06-19 

• More parameters than just oxidation index and TBN should be examined when 
evaluating the thermal degradation and –oxidation performance of engine oils. 

• These engine tests have been too short to show any real tendencies in oxidation 
parameters. The small differences that can be seen might well just be run-to-run 
variations.  

 
The results for the additional prolonged test indicate that the materials in the valvetrain are 
not suited for the kinds of high temperatures that are reached in these tests. This might be a 
serious issue, if the same materials will continue to be used in future engine versions and the 
problem is not realised.  
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5 Oxidation model 
One of the goals with this project was to find a way to form an empirical model that would be 
able to predict oil oxidation levels (indicated by oxidation index). This model would be based 
on the results of the engine tests and oil analyses.  
  The idea was to use the software Matlab [72] to create a small program that takes running 
time and oil temperature after the oil filter (TX04) into account, and calculates the oxidation 
index level (or any other parameter) based on data from the engine tests and lab analyses. The 
base for such a program was formed with help from personnel at Scania [67] (see Appendix B 
for Matlab code). An example of what the result could look like is given in figure 87. In this 
figure the data points with time, temperature and oxidation index level are plotted (small 
circles) from the data of the analysed oil samples from the engine tests with the LOP oil. 
From this, a surface has been adapted that can be used to interpolate (and extrapolate, albeit 
with a less degree of accuracy) oxidation index levels given time and temperature. The small 
black lines from the data points indicate how far off the calculated surface is from the given 
data.  
 

 
Figure 87 Early Matlab model of oxidation index. 

 
Naturally, with more data the model would be more accurate. However, the work with the 
model was discontinued after it had been concluded that more factors need to be taken into 
account and that the engine tests were too short to show real oxidation tendencies. Instead, the 
goal of the project was shifted towards leading a discussion on how a model should be further 
developed, among other things. Perhaps the work with this model could be continued when 
additional prolonged engine tests have been completed. These tests are performed outside the 
timeframe of this project though, as mentioned above, and the results are not presented in any 
detail within this report. 
 
The complexity of an oxidation model would probably have to be increased compared to the 
type presented here. This is because, as stated above, the oxidation index alone does not give 
an unambiguous view of the oil’s oxidation status. 
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6 Conclusions 
Looking at the sump temperatures in the engine tests of this investigation, it can be seen that 
unlike in the previously examined engine tests it does not vary compared to the temperature 
after the filter. Since the sump in the engine tests of this project was insulated, this is a good 
verification of the results from the aforementioned SAE paper [9], which concludes that the 
sump is the single largest heat sink in the oil system. 
 
It can also be concluded that in order to keep track of oil temperatures in engines, it might not 
be sufficient to just keep track of engine coolant temperatures and assume a standard offset 
for the oil temperatures. This is supported by the facts that oil sump temperatures do not 
always follow the coolant temperature variations and that the sump temperature seems to have 
a large impact on oil degradation thru high temperature oxidation. Therefore, based on the 
results in this report, an oil temperature gauge positioned in the sump should at least be 
considered for future production engines. The input from such a gauge should be used by the 
engines ECU as one of the parameters that decide when the engine power should be lowered 
to decrease temperature. 
 
When looking at what sites in the engine that are the most severe for the engine oil in terms of 
exposure to high temperatures some conclusions can be drawn: 
 
1. High temperatures in the sump seem to be the largest cause of thermal degradation of the 
oil, primarily based on the results from the failed B1 test. The laboratory bench tests supports 
this theory further. The piston cooling is seemingly less severe when it comes to total engine 
oil oxidation. This is important to bear in mind, especially since with a normal non-insulated 
sump this temperature seems to vary independently of engine coolant temperature and thus is 
not under control outside a laboratory or experimental environment. With the forthcoming 
new engine generation, which incorporates higher coolant temperatures, the engine oil 
temperatures are increased as well. This presents an issue that will probably need to be dealt 
with. 
 
2. The piston cooling, although important as a source of heat flow into the oil, does not seem 
to have as great effect on the high temperature oxidation as originally expected. When 
increasing the flow to the piston cooling the mean temperature of the oil return flow was only 
slightly lowered, but the oil pressure was lowered as well and more importantly the oil 
consumption was increased. However, the small temperature decrease contradicts results from 
previous engine tests done at Scania [47], where increased piston cooling flow at the same 
engine speed in a D12 engine reduced the temperature of the oil return flow to a greater 
extent, see figure 88. Also, this report showed that the rate of oxidation was clearly increased 
with increased piston cooling flow, something that can not be clearly seen in the engine runs 
in this project. 
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Figure 88 Comparison of piston cooling return flow temperatures over different engine speeds and engine 

coolant temperatures. DL = increased flow, D12 = normal flow [75]. 
 
Another interesting point in the same report is the fact that the piston cooling return oil 
temperature ramp increases as power output is increased, for decreased engine speeds, see 
figure 89. The explanation for this behaviour is that with lower engine speeds there is less oil 
available since the oil pump’s pumping ability is engine speed dependant.  
 

 
Figure 89 Piston cooling return flow temperature at different engine speeds and loads, D12 engine [75]. 

 
Based on the data in this figure and keeping the oil’s thermal oxidative health in mind, the 
thought of using an oil pump with variable displacement that can provide the engine with 
more oil at low speeds might not be a bad idea. It has been shown in the literature that this 
sort of oil pump could possibly also be able to lower fuel consumption [73]. 
  Figures 68 and 71 show that the oil oxidation was not affected to a great extent by increasing 
the piston cooling flow, neither improved nor made worse, although the tests with the Low 
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Oxidation Performance (LOP) oil show clearer differentiation between the different nozzles. 
This result is contradicted though by the fact that the extra B1 test, B1-3, showed almost the 
same differentiation although it was run with the same oil and same circumstances as test 
B1-2. Taking all this information into account though, using higher flow to the piston cooling 
should be carefully considered before being implemented since the benefits are not very clear. 
 
3. The turbocharger is a significant source of heat flow into the engine oil. When the engine 
gets hot, the turbocharger gets hotter and the cooling medium for this is the engine oil. 
Although the turbochargers used in the type of engine that has been used in this project are 
not tested for the high oil temperatures it is exposed to here, it does seem to be able to cope 
with 15-25% higher temperatures with retained performance. 
  A comparison could be made between the high oil temperatures from the turbo in the hot 
original B1 engine test and the oil temperatures at the outlet of a compound unit in a 
turbocompound engine. An investigation done at Scania has shown that doubled oil 
temperatures (in °C) may be reached in the outlet oil from a compound unit in normal engine 
operation, compared to the compound oil inlet temperature. These high oil temperatures have 
led to significant oxidative wear on the oil in these engines, with shortened oil change 
intervals as a result. Seeing the temperatures that may be reached in the turbo, in comparison 
with the problems that occur with the high temperatures that are reached in a compound, it 
might be a good idea to oversee the abilities to lower the oil temperatures in the turbo. One 
way might be through the use of higher oil flow through the turbo, by changing the design so 
that higher flow is allowed. This would require extensive cooperation from the turbo 
manufacturers, making this an issue that would require additional thorough investigations to 
motivate this design change. 
 
When running engine tests formulated in a way that has not been tested before, it is important 
to be able to run the same tests multiple times to ensure the repeatability of the tests and the 
validity of the results. As seen with the oil consumption in the B1-3 test, although everything 
seems to be the same, some results may vary greatly between runs. 
 
Creating a model that relatively accurately can model oil oxidation is not a task that is easily 
undertaken, since many parameters have to be included in the equation, such as % viscosity 
increase, carbonyl peak, TAN, TBN and presence of Pb, Cu and Sn in the oil, and their 
relative importance to oxidation has to be evaluated. Time and temperature are also important 
factors. It might also be possible that engine type has significance in the context. The data 
acquired through the engine tests of this project is not quite enough to be able to develop this 
type of model, as stated above, due to the lack of visible trends in the different parameters. 
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7 Recommendations for continued work 
For continued engine tests with the same purpose as in this project, it is very clear that the 
length and severity of the tests should be increased. Another way of performing the engine 
tests is to run at the same conditions as in the original B1 test, but with closer supervision and 
more oil samples taken, to get a good resolution of the analysis results. This would enable 
shorter tests to give useful results, and would also help give a good understanding of what 
happens in the oil at these temperatures. It may lead to further understanding of what 
components in the engine that are the most severe to the oil. Regardless of how the tests are 
formulated though, the results from this project need to be verified with longer tests and more 
of them. 
 
To investigate the relative importance of the different parameters that play a part in oil 
oxidation, a statistical test planning might be used. Using this method, it should be possible to 
sort out which parameters are the most important by running different engine tests or 
laboratory tests (or both), where the oil as far as possible is exposed to only one parameter or 
a controlled combination at a time. Since there are quite a few parameters, there will be a 
large number of possible combinations to try, making this a lengthy process, especially since 
every test takes a certain amount of time to complete. Even if the method is refined by 
exclusion of some combinations that obviously are pointless to try, the process will be quite 
time consuming. But the results may be worth it if they can be used to form a good general 
model with different constant coefficients for each parameter. 
  To get a good accuracy of an empirical oil oxidation model such as the one suggested in this 
report, it should be provided with much base data. One way of accomplishing this would be to 
form a database, where information is gathered and stored from tests done at Scania and from 
customer vehicles when they are serviced. The information stored should contain engine type, 
running hours and load of the engine, information on oil refills, and oil type used. It should 
also include results from lab analyses regarding oxidation relative parameters such as TBN, 
TAN, viscosity increase, Pb, Cu and Sn rates. The oxidation model should then regularly be 
updated against this database, which should render models for different oils and possibly 
different engine types with fairly high accuracy. 
  This model could also be used in the engines’ control units (ECU) to continuously determine 
the Remaining Useful Life (RUL) of the engine oil, based on each individual engine’s 
running conditions. The model stored in the ECU would also be updated at each service, by 
connecting it to the Scania database, to continuously improve its’ accuracy. This type of use 
of the model would be good for production engines if no additional sump temperature gauge 
is implemented, since the need for such a gauge would be eliminated even though oil 
temperature is an important factor. But since this type of model takes time to develop, a sump 
oil temperature gauge would be a good, fast solution. 
  With time, this sort of database could become a useful tool to determine accurate oil change 
intervals for each individual vehicle/engine, which could help improving both economical and 
environmental effects since less oil would have to be used when each oil batch is used to its’ 
maximum. This would lead to that engines would not have to operate with oil that is too 
degraded and engine wear would be reduced. 
 
When performing various engine field tests it is recommended to measure oil temperatures to 
a greater extent than today if the current trend with increasing engine temperatures will 
continue. This is because it does not seem to be sufficient to just monitor coolant temperature 
and assume an oil temperature offset based on this. This is especially important regarding 
sump temperature.  
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  When it comes to the increasing oil temperatures in the sump with new engine types, one 
way to handle the problem might be to equip the oil sump with some sort of cooling flanges, 
on the inside or outside, or both. This might be a good way of taking advantage of the fact 
that it has been shown above that the sump very effectively cools the engine oil. Internal 
flanges may also help increase the oil turbulence in the sump, which could make the 
temperature distribute more evenly. It might even be motivated to present a sump oil 
temperature gauge as a standard part of the new engine generation. To incorporate it as a part 
of a sump oil level gauge should be a very easy and affordable solution as all that should be 
needed is a small thermocouple. The sump oil temperature input should be used by the 
engine’s ECU as one of the parameters that decide when the power output should be lowered 
to lower the engine temperature. 
 
The valvetrain seems to be a location in the engine where high temperatures for long time 
periods might present a serious problem, since it has been indicated (test B1-3) that the 
injected fuel quantity seems to be temperature-dependent because of thermal expansion in the 
valvetrain parts. One easy way of controlling this issue might be to use a closed loop feedback 
system to the ECU that states the injection quantity, and compares it to what it should be, and 
then regulates the injectors to keep the right injection quantity. 
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Appendix B 
clc 
close all 
%Matriser med mätdata från motorprov. Kolumn 1 = Oljetemp, 2 = driftstid, 
3 = ox. Index, 4 = ox. (carbonyl) peak, 5 = TBN osv. Kopieras med fördel 
rakt av från excel och klistras in i koden. Se upp med kommatecken, matlab 
har punkt ”.” som decimalavskiljare! 
dataA = [ 
]; 
  
dataB1 = [ 
]; 
  
dataB12 = [ 
]; 
  
dataB13 = [ 
] 
  
dataB2 = [ 
]; 
  
dataC1 = [   
]; 
  
dataC2 = [ 
]; 
  
%********************************LOP olja******************************** 
alldata = [ dataA; dataB1; dataB12; dataB13; dataC1 ]; 
XY = alldata(:,1:2); 
X = XY(:,1); %Här blir X tilldelad värden i första kolumnerna i matriserna 
ovan, dvs temperaturer 
Y = XY(:,2); %Här blir Y tilldelad värden i andra kolumnerna i matriserna 
ovan, dvs tider (i timmar) 
Z = alldata(:,3); %Z tilldelas värden i den kolumn som specificeras 
(3,4...) i detta fall är kolumn 3 oxidationsindex, 4 ox. peak, 5 TBN-bp.  
%Fler kolumner kan läggas till i matriserna ovan, om någon annan parameter 
ska analyseras. Isf ska denna kolumns nummer anges i denna parentes% 
n = size(XY,1); 
  
% ekvation för ett plan: z = c1 + c2*x + c3*y 
% Minstakvadratekvationen: A'Ac = A'b 
% Givet x och y så är z = c1 + c2*x + c3*y = [ 1 x y ] * c 
  
% för högre ordning: 
% z = c1 + c2*x + c3*y   + c4*x2 + c5*xy + c6*y2 
% Givet x och y så är z = [ 1 x y x2 xy y2 ] * c 
A = [ ones(n,1), X, Y, X.^2, X.*Y, Y.^2 ]; 
b = Z; 
c = (A'*A)\(A'*b); 
Zp = A*c; 
px = []; py = []; pz = []; 
pn = 10; pm = 10; % pn måste vara lika pm 
xg = [ 0:pn ] / pn * (max(XY(:,1))-min(XY(:,1))) + min(XY(:,1)); 
yg = [ 0:pm ] / pm * (max(XY(:,2))-min(XY(:,2))) + min(XY(:,2)); 
  
for i = 0:pn 
   for j = 0:pm 
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       % linjer med konstant x. Punkt nr j+1, linje nr i+1 
       px(j+1,i+1) = xg(i+1); 
       py(j+1,i+1) = yg(j+1); 
       % linjer med konstant y. Punkt nr i+1, linje nr n+1 + j+1 
       px(i+1,pn+j+2) = xg(i+1); 
       py(i+1,pn+j+2) = yg(j+1); 
   end 
end 
for i = 1:size(px,1) 
    for j = 1:size(px,2) 
        x = px(i,j); 
        y = py(i,j); 
        % Här beräknar vi z för ett givet (x,y) 
        z = [1,x,y,x.^2,x.*y,y.^2] * c; 
        pz(i,j) = z; 
    end 
end 
 
  
%********************************HOP olja******************************** 
alldata2 = [ dataB2; dataC2]; 
XY2 = alldata2(:,1:2); 
X2 = XY2(:,1); %Här blir X tilldelad värden i första kolumnerna i 
matriserna ovan, dvs temperaturer 
Y2 = XY2(:,2); %Här blir Y tilldelad värden i andra kolumnerna i matriserna 
ovan, dvs tider (i timmar) 
Z2 = alldata2(:,3); %Z tilldelas värden i den kolumn som specificeras 
(3,4...) i detta fall är kolumn 3 oxidationsindex, 4 ox. peak.  
%Fler kolumner kan läggas till i matriserna ovan, om någon annan parameter 
ska analyseras. Isf ska denna kolumns nummer anges i denna parentes% 
n2 = size(XY2,1); 
  
A2 = [ ones(n2,1), X2, Y2, X2.^2, X2.*Y2, Y2.^2 ]; 
b2 = Z2; 
c2 = (A2'*A2)\(A2'*b2); 
Zp2 = A2*c2; 
px2 = []; py2 = []; pz2 = []; 
pn = 10; pm = 10; % pn måste vara lika pm 
xg2 = [ 0:pn ] / pn * (max(XY2(:,1))-min(XY2(:,1))) + min(XY2(:,1)); 
yg2 = [ 0:pm ] / pm * (max(XY2(:,2))-min(XY2(:,2))) + min(XY2(:,2)); 
  
for i = 0:pn 
   for j = 0:pm 
       % linjer med konstant x. Punkt nr j+1, linje nr i+1 
       px2(j+1,i+1) = xg2(i+1); 
       py2(j+1,i+1) = yg2(j+1); 
       % linjer med konstant y. Punkt nr i+1, linje nr n+1 + j+1 
       px2(i+1,pn+j+2) = xg2(i+1); 
       py2(i+1,pn+j+2) = yg2(j+1); 
   end 
end 
for i = 1:size(px2,1) 
    for j = 1:size(px2,2) 
        x2 = px2(i,j); 
        y2 = py2(i,j); 
        % Här beräknar vi z för ett givet (x,y) 
        z2 = [1,x2,y2,x2.^2,x2.*y2,y2.^2] * c2; 
        pz2(i,j) = z2; 
    end 
end 
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plot3(px,py,pz, 'g-',X,Y,Z,'bo',[X,X]',[Y,Y]',[Z,Zp]','k-') 
xlabel('Temperature [°C]'); ylabel('Time [hrs]'); zlabel('Oxidation index 
[%]'); 
grid on 
figure 
plot3(px2,py2,pz2, 'g-',X2,Y2,Z2,'bo',[X2,X2]',[Y2,Y2]',[Z2,Zp2]','k-') 
xlabel('Temperature [°C]'); ylabel('Time [hrs]'); zlabel('Analysed 
parameter'); 
grid on 
figure 
plot3(px,py,pz, 'g',X,Y,Z,'bo',[X,X]',[Y,Y]',[Z,Zp]','k-',px2,py2,pz2, 
'r',X2,Y2,Z2,'kx',[X2,X2]',[Y2,Y2]',[Z2,Zp2]','y:') 
  
%***Plotta bara datapunkterna, och "surfa" ytorna:  
% plot3(X,Y,Z,'bo',[X,X]',[Y,Y]',[Z,Zp]','k-
',X2,Y2,Z2,'kx',[X2,X2]',[Y2,Y2]',[Z2,Zp2]','y:') 
% hold on 
% surf(px,py,pz) 
% hold on 
% surf(px2,py2,pz2) 
xlabel('Temperature [°C]'); ylabel('Time [hrs]'); zlabel('Analysed 
parameter'); 
grid on 
  
 
 
 
 
 
 


