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Abstract 
To improve the engines efficiency, it is important to understand the lube oil types and its properties that effect on the generated friction 
between the moving and stationary parts. Commercial oils such as mineral mono-grade or synthetic multi-grade oils have dissimilar 
properties and performance in the lubrication system of the spark ignition engine. 
In the present study, test model was designed and monitored to perform lube oil analysis to determine the proper lubricant type. Run test 
was performed for SI engine “Hyundai Beta β 1.6L - G4GR” that was operated with two types of oil; mineral mono-grade SAE40 and 
synthetic one SAE 10W40. In order to clarify the oil deterioration over 100 hours operation for two types; five samples were taken every 
20 hours. Oil analysis was performed for each oil type. There were several oil properties that were measured to determine the oil 
deterioration over running time such as viscosity grade, viscosity index, metal traces, total acid number and additives. Comparisons were 
applied to determine which type is the proper one which has the highest stability.  
Finally, using multi grades synthetic oil SAE10W40 is the most proper oil type compared with mono-grade SAE40 for engine “Hyundai 
Beta β 1.6L - G4GR” due to higher viscosity index, lower oxidation rate and lower moving parts friction. 
Keywords: Oil, kinematic viscosity, viscosity index, total acid no., oil oxidation, antifoaming, antioxidant, SI engine, sleeve bearing, oil 
metal analysis. 

1. Introduction

A spark-ignition engine (SI engine) is an internal combustion engine  , where the air – fuel mixture is ignited by a spark from 
a spark plug. Spark-ignition engines are commonly known as gasoline engines. On the otherwise, diesel engines are 
compression ignition engines that depends on the increasing in mixture temperature resulting from increasing in pressure 
inside the chamber during the compression stroke. The fuel temperature reaches to the self-ignition temperature. This 
combustion process doesn’t need any external spark. 

In SI engines; the operation cycle is adjusted with the engine rotation and applied load using ECU “electronic control unit”. 
Such ignition has to be adjusted with the top dead center position and thus indirectly to the valves timing.  

The four strokes of a petrol engine are shown in (Fig.1) A four-stroke spark-ignition engine follow the theory of Otto cycle. It 
consists of four strokes; intake,  compression,  firing or power, , and exhaust stroke . Each stroke consists of half turn of the 
crankshaft and hence a four-stroke cycle is completed through two turns of crank shaft.  

(Figure 0) Four stroke engine 

Engine lubricant is any one of several substances that consist of base oils enhanced with additives; anti-wear, anti-foaming, 
anti-oxidant, and detergents inhibitors. Detergent inhibitors are used to clean the contamination that deposited on the 
stationary parts and cause excessive friction with the moving parts. The main function of motor oil is to reduce or prevent 
friction  and wear on moving parts  and to clean the engine from sludge and varnish (detergents). Engine lubricating system 
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have a several components. It contains an oil sump. Gear positive displacement pump is used to pump the oil from the filter 
toward the oil the main header or gallery. The oil header feed the oil to the crank shaft bearings, connecting rod, camshaft, and 
valves mechanism. Then, the oil back to oil sump again. All lubricated parts are shown in (fig. 2 ) as below: 

(Figure 2) Lubricated moving parts in engines 

It also neutralizes acids that originate from fuel and from oxidation of the lubricant   (detergents), improves sealing of piston 
rings, and cools the engine by carrying  heat away from moving parts as shown in (fig. 3) 

(Figure 3) Motor oil lubrication for piston rings and bearings 

There are two types of engine oils; mineral and synthetic oils. Mineral oils are produced from the refinery process of 
hydrocarbons in the distillation towers from the middle trays. They are applied as hydrodynamic lubricants.  
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Synthetic oils are chemical compounds manufactured by intended chemical reaction to predetermined specifications. The base 
stock structure is planned and tailored to yield predictable properties. Higher inherent viscosity index results in superior low 
temperature fluidity combined with increased lubrication properties at high temperatures which leads to superior wear 
protection and long service life. Viscosity index is a calculated number that indicates the rate of viscosity change as the 
lubricant is heated. The synthetic oils have high viscosity grade stability, high viscosity index, high thermal oxidation 
resistance, and better low temperature properties compared to mineral oils as shown in (fig. 4) 

(Figure 4) Synthetic oil viscosity stability with temperature compared with mineral oil 

Motor oil may be composed of only a lubricant base stock in the case of non-detergent oil, or a lubricant base stock plus 
additives to improve the oil's detergency, extreme pressure performance, and ability to inhibit corrosion of engine parts. 

This study aims to determine the effect of oil type, viscosity index, and additives in decreasing the friction and wear in the 
parts of dynamical systems of SI engine.  

2. Material and Methods

2.1. Test Model  

Test model was designed and developed to monitor and stand on the oil conditions after 100 hours continuous operation of 
the engine. The test model contains the following parts: 

 Spark ignition engine “Model: Hyundai Beta β 1.6L - G4GR”.

 Starter motor.
 Accelerator to control the RPM of engine.
 Manual drain valve connected to the drain plug of oil pan.
 10 sample bottles “100 mL”

2.2. Oil types and additives 

There are two types of oil according to society of automotive engineers (SAE). The first type is called mono-grade. It is 
defined according to their cold viscosity (for example, SAE 10W) or their hot viscosity (for example, SAE 40). So, it is 
limited in some industrial applications that have to be no change in temperature. 

The second type is multi grade synthetic oil (for example, SAE 10W40). In this type, viscosity index improver is added to 
the mono-grade. The viscosity index improver shrinks while cold to allow lower viscosity and expands while hot to allow 
higher viscosity. So, it can be used for both; low and high temperatures applications. 
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The flexibility of multi grade oil that additives allow the viscosity / temperature characteristics to be altered in order to fit 
the compromise required by the engine during cold starting and high temperature.  

For SAE 40 and 10W40; it is shown that SAE 10W40 has the properties of SAE 10W at low temperature and SAE40 at 
high temperature as shown in figure 2.1. 

Difference in viscosity grades between mono-grade SAE 10W and multi grade 10W-40 are shown in (fig. 5) and (table 1) 

(Figure 5) Mono Grade oil VS multi grade oil 

(Figure 5) Mono Grade oil VS multi grade oil 

(Table 1) Difference in viscosity grade between mono and multi grades oil 

Property 
Mono Grade 

SAE 40 
Multi Grade 
SAE 10W-40 

Unit 

Density at 15.6°C 889 872 kg/m³ 

Kinematic viscosity at (40°C) ---- 108.5 cSt 

Kinematic viscosity at (100°C) 14.8 15.4 cSt 

Viscosity index 98 181 ---- 

Flash point 230 220 ºC 

Pour Point -30 -33 ºC 

Sulfated ash 1.44 0.86 % 

TAN 0.5 0.6 ---- 

Color 2 2 ---- 
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The additives types of synthetic oil are shown in table 2.2 as below. Detergent inhibitors represent 13% of total weight of 
oil. Examples of materials that are used as additives and detergent inhibitors are listed in (table 2) 

(Table 2) Additives percentage for oil SAE 10W40 

Weight percentage parameters 
Multi Grade 
SAE 10W-40 

Unit per oil 
weight 

1 Base oil 78 % 

2 VI improver “such as polymethylcrylate” 9 % 

3 Detergent inhibitors additives 13 % 

3.1 Anti-wear additives “such as zinc” 1.8 % 

3.2 Dispersant additives “such as polymers” 9.1 % 

3.3 Antioxidant additives “Base material” 1.57 % 

3.4 Antifoaming additives “such as silicon” 0.53 % 

Both of SAE 40 and SAE 10W40 will be tested and compared with each other in the engine for 100 hours operation. 
Samples will be taken every 20 hrs. operation. Engine RPM will be kept at 2000 RPM. 

2.3. Oil Analysis  

Oil analysis will be performed for 5 samples per each oil type. The analysis will be regarding to the following parameters 
shown in (table 3) 

(Table3) Oil Analysis Parameters 

Parameters Standard 

Viscosity at 100oC (C.St) ASTM D 445 

Total acid no. TAN (KOH per g of sample) ASTM D 664 

Metal traces (ppm) 

Fe 

ASTM D 4628 
Cu 

Pb 

Anti-Wear Additives Zn 

Each parameter in table 2.3 represents a sign of oil deterioration. The decreasing in viscosity grade represents the oil 
depletion with time. Increasing in total acid number indicates the oil oxidation and depletion of antioxidant additives. Wear 
rate and friction will be indicated by the metal traces. For example, increasing in Fe traces will indicate the piston ring 
wear. Increasing in Cu and Pb will indicate the crank shaft bearings wear. Decreasing in Zn will indicate decreasing in anti-
wear additives. 
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2.4. Instruments used 

Viscometer is used to measure the viscosity. Falling ball viscometer is used. The principle of operation is to measure the 
time it takes for a ball or sphere to fall under gravity through a sample-filled tube inclined at an angle as shown in (fig. 6) 

(Figure 6) Falling ball viscometer 

Atomic absorption photometer allows the atomic absorption spectroscopy (AAS) is used for the quantitative determination 
of metal traces formed in oil as shown in (fig. 7) This instrument is based on the absorption of optical radiation (light) by 
free atoms in the gaseous state. 

(Figure 7) Atomic absorption spectroscopy 
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3.Results and Discussion

During 100 hours of engine operation; 5 samples were taken during an equal time interval “every 20 
hours”. The test results are as below: 

 3.1. Mono-grade SAE 40 metal traces

The produced metal traces represent the friction in engine moving parts. From (fig.8); it is shown that 
there is an increasing in Fe traces over the running hours. Moreover, there are significant increasing in 
Cu and Pb metal traces over the running time. It means that, there are erosion in piston rings and sever 
wear in the sleeve bearings of the crank shaft.  

Also, it is noticed that the rate of the produced metal traces increases over time. It is caused by the oil 
filter blockage and less oil produced from the oil pump toward the bearings. 

Figure 8. Metal traces increasing over time for SAE 40 

 3.2. Mono-grade SAE 40 viscosity and TAN change

From (fig.9); it is shown that both of viscosity grade and total acid numbers were increased over the 
running time. Generally, the oil viscosity grade depends on the size of the molecules and the degree of 
polymerization. As increasing the traces and oil contamination; polymerization continues to such an 
extent that solid material – sludge and varnish forms in the oil. Thence, the viscosity grade increases 
over time. 

Because oil oxidation results in the formation of carboxylic acids, it stands to reason that the acidity of 
an oil that has undergone appreciable oxidation will increase. Thence, the total acid number increases 
over the running hours. 
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Figure 9. Viscosity and TAN change over time for SAE40 

 3.3. Multi grade synthetic SAE 10W40 metal traces

From (fig.10); it is shown that there are increasing in Fe, Cu, and Pb traces over the running hours. 
But, it is less than the produced traces in mono-grade oil due to the existence of anti-wear additives 
(zinc). Also, it is noticed that Zn additives were slightly decreased over the running hours but it is not 
significant. 

(Figure 10) Metal traces increasing over time for SAE 10W40 

 3.4. Multi-grade Synthetic SAE 10W40 viscosity and TAN change

From (fig.11) ; it is shown that both of viscosity grade and total acid no. are almost constant for each 
sample. This is due to the synthetic oil properties and improvers. Where, it has high viscosity index 
and anti-wear additives. 
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(Figure 11) Viscosity and TAN change over time for SAE10W40 

 3.5. Comparison between oil types

From (fig. 12), it is shown the produced metal traces in case of mono grade oil are higher than the 
produced in case of multi grade synthetic oil. This is due to several reasons: 

 Using anti-wear additives decrease the moving parts friction

 Higher viscosity index decrease the  oil changing with temperature

 Stability in viscosity over the running hours keep the oil properties

From (fig. 13); as changing in the oil viscosity grade over the running hours; the oil temperature 
increases in mono-grade oil compared with the multi grade oil.  Hence, the rate of oxidation increases 
in the mono-grade as the temperature rises. So, the total acid no. of the mono-grade increases to 2.3 
while the synthetic increases to 0.8. 
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(Figure 12) Comparison between oil types according to metal traces 

(Figure 13) Comparison between oil types according to TAN 

Finally, using multi grades synthetic oil SAE10W40 is the most proper one compared with mono-
grade SAE40 for engine “Hyundai Beta β 1.6L - G4GR” due to higher viscosity stability with 
temperature, lower oxidation rate and lower moving parts friction. 
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4. Conclusion

Oils are used to lubricate and cool the internal combustion engine parts thought the lubrication system. 
Oil such as mineral mono-grade SAE 10W or synthetic SAE10W-40 have dissimilar characteristics and 
performance for the same engine depending on dissimilarity in kinematic viscosity, viscosity index and 
oil additives.  

Higher viscosity index of SAE10W40 make the oil fit for high and low temperatures services. Also, SAE 
10W40 has an anti-wear additives that decrease the wear in moving parts. Both of mono-grade SAE 40 
and multi-grade SAE 10W40 were tested for four stroke spark ignition engine “Model: Hyundai Beta β 
1.6L - G4GR”.  

In order to clarify the oil deterioration with engine operation; five samples were taken every 20 hrs along 
100 hrs of engine operation. Oil analysis was performed for each type regarding to viscosity grade, metal 
traces, total acid no. and additives in ppm. The produced metal traces indicate the importance of the anti-
wear additives. The total acid number is an indication of the oxidation rate and hot spots in oil. 

Finally, it is concluded that the multi grades synthetic oil SAE10W40 has lower total acid no. and 
metal traces compared with mono-grade SAE40. It means that it has lower oxidation rate and higher 
stability in viscosity with temperature rising, and lower wear in moving parts. So, multi grades 
synthetic oil SAE10W40 is the most proper one for engine “Hyundai Beta β 1.6L - G4GR”. 
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