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Abstract— Oil cooler cover is generally the most important 

part of the internal combustion engine. Oil cooling is the use 

of engine oil as a coolant, typically to remove surplus heat 

from an internal combustion engine. The hot engine transfers 

heat to the oil which then usually passes through a heat-

exchanger, typically a type of radiator known as oil cooler. 

The cooled oil flows back into the hot object to cool it 

continuously. Hence study and analysis is done on the Oil 

cooler cover regarding its repetitive errors or problems. The 

errors are first read out from the notes or observations given 

by the division and then actually observed. In all nearly 100 

engines were stripped and the problem of oil mixing with 

water was found. Now for this instance chemical 

composition of material plays a major role. For required 

results, the method used for analysing the chemical 

composition of the material is Optical Emission 

Spectrometer     (OES). 
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I. INTRODUCTION 

Oil cooling is commonly used to cool high-performance bus 

engines that are not liquid-cooled.  As there is already an oil 

circulation system available for lubrication, this oil is also 

piped to the cylinder head and used as a liquid coolant. 

Compared to an oil system used solely for lubrication, oil 

cooling requires additional oil capacity, a greater flow rate 

through the oil pump, and an oil cooler (or a larger cooler 

than normal). 

If air-cooling proves sufficient for much of the 

running time (such as for an aero-engine in flight), then oil 

cooling is an ideal way to cope with those times when extra 

cooling is needed (such as an aero-engine taxying before 

take-off). But if the engine is a racing engine that is always 

producing huge amounts of heat, water or liquid cooling 

may be preferable. 

Air-cooled aviation engines may be subject to 

"shock cooling" when descending from cruising altitude 

prior to landing. During descent, very less power is needed, 

so the engine is throttled back and thereby develops much 

less heat than when maintaining altitude. While descending, 

the plane's airspeed rises, substantially increasing the rate of 

air-cooling the engine. These factors may cause the cylinder 

head to crack; but the adoption of oil-cooled cylinder heads 

significantly reduces or cancels the problem as the heads are 

now "oil-warmed". 

 
Fig. 1: Oil Cooler Cover 

II. METHODOLOGY 

After testing or stripping nearly 100 diesel engines, it was 

observed that the problem of mixture of oil with water was 

major. 21 of the stripped engines were found to be defected 

with the above problem. For this problem, it was decided to 

test the material quality of oil cooler cover. The major 

advantages of oil cooling system are as follows: 

 Oil has a higher boiling point than water, so it can be 

used to cool items at a temperature of 100 °C or higher. 

However, pressurized water-cooling may also exceed 

100 °C. 

 Oil is already present as a lubricant, so no extra coolant 

tanks, pumps nor radiators are required (although all of 

these items may need to be larger than otherwise). 

 Cooling water can be corrosive to the engine and must 

contain a rust-inhibitor, whereas oil naturally helps to 

prevent corrosion. 

According to below table the respective problem of 

oil mixing with water has been observed with the following 

engines: 

 TCIC, TC- Tata Motors. 

 EURO- Leyland Motors. 

Sr. No Type of Engine Number of defects observed 

1 697 TCIC 7 

2 TC-BSII 4 

3 TC-BSIII 6 

4 EURO-I,II,III 4 

Table 1: Defects observed for mixture of oil with water 

 
Fig. 2: Corrosion in water jacket due to mixture of oil and 

water 

Now after taking into considerations the number of 

defects for the respective problem, it was decided that 

material analysis of Oil cooler Cover should be done in 

order to gain the chemical composition and the material 

properties of the given metal. 

For the material testing, the most common and 

suitable method for analyzing the chemical composition is 

Optical Emission Spectrometry (OES). 

A. Optical Emission Spectrometer (OES) 

An optical spectrometer is an instrument used to measure 

properties of light over a specific portion of the 
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electromagnetic spectrum, typically used in spectroscopic 

analysis to identify materials. The variable measured is most 

often the light's intensity but could also, for instance be the 

polarization state. The independent variable is usually the 

wavelength of the light or a unit directly proportional to the 

photon energy, such as reciprocal centimeters or electron 

volts, which has a reciprocal relationship to wavelength. 

A spectrometer is used in spectroscopy for 

producing spectral lines and measuring their wavelengths 

and intensities. 

The spectrometer uses a prism or a grating to 

spread the light from a distant object into a spectrum. This 

allows astronomers to detect many of the chemical elements 

by their characteristic spectral fingerprints. If the object is 

glowing by itself, it will show spectral lines caused by the 

glowing gas itself. These lines are named for the elements 

which cause them, such as the hydrogen alpha, beta, and 

gamma lines. Chemical compounds may also be identified 

by absorption. Typically these are dark bands in specific 

locations in the spectrum caused by energy being absorbed 

as light from other objects passes through a gas cloud. Much 

of our knowledge of the chemical makeup of the universe 

comes from spectra. 

Optical emission spectrometers (OES) and the 

measuring principal of the atomic emission is the ideal 

method and provide the perfect instrumentation for metal 

analysis in all different industrial businesses and 

environments. Metal producing industries like foundries, 

steel- copper-aluminium plants and all kinds of fabricators 

in the automotive, aviation, and home appliance industry, as 

well as inspection companies, contract laboratories and 

metal recyclers use optical emission spectrometers for 

process and quality control. 

 
Fig. 3: Working of Optical Emission Spectrometer 

Principle of Optical Emission Spectrometry (OES) 

and the order is as follows: 

 Optical emission spectrometry involves applying 

electrical energy in the form of spark generated 

between an electrode and a metal sample, whereby the 

vaporized atoms are brought to a high energy state 

within a so-called “discharge plasma”. 

 These excited atoms and ions in the discharge plasma 

create a unique emission spectrum specific to each 

element, as shown above. 

 Sample material is vaporized with the testing probe by 

an arc spark discharge. 

 
Fig. 4: Diffraction Grating in OES 

Therefore, the light generated by the discharge can 

be said to be a collection of the spectral lines generated by 

the elements in the sample. This light is split by a diffraction 

grating to extract the emission spectrum for the target 

elements. The intensity of each emission spectrum depends 

on the concentration of the element in the sample. Detectors 

measure the presence or absence of the spectrum extracted 

for each element and the intensity of the spectrum to 

perform qualitative and quantitative analysis of the 

elements. 

 
Fig. 5: Steps involved in OES 

B. Advantages of OES 

The advantages of OES are as follows: 

 Fast, robust, precise, stable and reliable technology. 

 Easy sample preparation. 

 Low capital investment and operating costs. 

 Range is from trace (sub-ppm) to alloy concentration 

levels. 

 Unmatched technique for fast analysis of  C, N, O, P 

and S in steels. 

A successful use of Optical Emission Spectrometer 

(OES) test for carrying out the chemical composition of the 

metal was done on the Oil cooler cover. The results that 

were obtained after the chemical composition OES test are 

as follows: 

 Type of Material: Aluminium Alloy 

 Part Name: Oil Cooler Cover 

Elements 
Specified 

Composition (%) 

Spectromax 

Observation (%) 
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Si 8.5 – 10.5 10.27 

Fe Max (1.2) 0.89 

Cu 2 – 4 3.14 

Mn Max (0.5) 0.29 

Mg 0.5 - 1.5 0.15 

Zn Max (1.0) 0.68 

V - - 

Ni Max (1.0) 0.055 

Sn - - 

Ti Max 0.2 0.033 

Al Remainder Remainder 

Table 2: Chemical Composition after OES test 

 Material Grade: LM26 

 Note: % of indicated elements is approximate. 

From the above table it is observed that the grade 

of the material except Mg (0.15%), matches the percentage 

of other elements within specified limits to that of grade 

LM26. Here it can be seen that the percentage of magnesium 

(Mg) is much lesser than that to be expected. 

Properties of LM26 are as follows: 

 Machinability: The machinability of LM26 is slightly 

superior to that of LM13. Ordinary steel tools wear 

rather quickly, but carbide tip tools with large rake 

angles, relatively low cutting speed give good results. 

 Corrosion Resistance: Resistance to atmospheric 

corrosion is fairly good, is of practical significance for 

an alloy which is used solely for different parts of I.C. 

Engines which includes oil cooler cover, piston etc. 

Magnesium (%) – As observed above it is seen that 

the percentage of expected magnesium is less than that of 

0.35%. As it is known that magnesium is non-ferrous, so it 

imbibes the property of oxidation, which helps to form a 

layer on aluminium alloy and stops further corrosion. The 

presence of iron, nickel, copper and cobalt strongly activates 

corrosion. Greater than a very small percentage, these 

metals precipitate as intermetallic compounds and 

precipitate locales function as active cathodic sites that 

reduce water causing loss of magnesium. Controlling the 

quantity of these metals improves corrosion resistance. As 

cobalt is absent in LM26 this will reduce the cause of 

corrosion to some extent. Magnesium being a non-ferrous 

material it is water and oil resistant as well. It restricts the 

process of corrosion if required percentage is present in the 

aluminium alloy. Hence the required percentage of 

magnesium will definitely eradicate the frequent failure of 

mixture of water and oil.  

III. CONCLUSION 

During the course of the project the causes and analysis of 

frequent failures of reconditioned engines was done. 

Failures of oil cooler cover due to corrosion were found. 

Due to this, the problem of Mixture of oil with water was 

found. This ultimately leads to failure in cooling system as 

well. 

Due to this, failure in cooling system of engine 

occurs, it gets over heated and the engines fail prematurely. 

To find the material specifications it was decided to find the 

metallurgical analysis through reverse engineering and 

adopted the suitable OES test for testing the metal. 

Accordingly it was decided to increase the magnesium 

percentage (%). The previous magnesium percentage 

observed was 0.15%. Hence there is a need to increase the 

quantity between (0.5 – 1.5) %. If this change is 

implemented the problem of oil mixing with water and 

corrosion will be eradicated soon. 

ACKNOWLEDGEMENTS 

The author thanks to the institute NBN Sinhgad School of 

Engineering, Pune of Mechanical Engineering Department, 

Maharashtra State Road Transport Corporation (MSRTC) 

for providing us proper guidance and support in completing 

this project. 

REFERENCES 

[1] Ananta U. Kumbhar, Sanjay R. Kumbhar, Vijay S. 

Diwate “Design and Failure Analysis of Four Stroke 

Six Cylinder Diesel Engine Crankshaft” Issn (Print): 

2393-8374, (Online): 2394-0697, VOL-3, ISSUE-6, 

2016. 

[2] Naresh Kr. Raghuwanshil, Ajay Pandey, R. K. Mandloi 

“Failure Analysis of Internal Combustion Engine 

Valves” International Journal of Innovative Research in 

Science, Engineering and Technology Vol. 1, Issue 2, 

December 2012.   

[3] Nilesh Dimbale, Ashok Bhujbal, Rahul Hanabar, S. H. 

Gawande, L.G.Navale, Ganesh Daphal “Dynamic 

Vibration Analysis for Multi-Cylinder Diesel Engine of 

SL90 Type” Modern Education Society’s College Of 

Engineering, Pune-411001. Maharashtra, India. 

International Journal of Science and Advanced 

Technology (ISSN 2221-8386) Volume 1 No 2 April 

2011. 

[4] R. C. Singh, Roop Lal, Ranganath M S, Rajiv 

Chaudhary Associate Professor, Assistant Professor, 

Mechanical Engineering, Delhi Technological 

University, Delhi, India “Failure of Piston in IC 

Engines” International Journal Of Modern Engineering 

Research (IJMER). 

[5] K. Habib and A. Husain “Failure analysis of a broken 

diesel engine” Materials Application Department, 

KISR, PO Box 24885 Safat, 13109 Kuwait (Received 3 

February 1993; revised 16 November 1993). 

[6] Gideon Daka Finuma “Analysis of Cylinder Head 

Gasket Sealing Under Engine Operation Conditions” 

OACETT 10 Four Seasons Place, Suite 404 Toronto, 

ON M9B 6H7. 

[7] C. Blawert, N. Hort and K.U. Kainer Center for 

Magnesium Technology, Institute for Materials 

Research, GKSS-Research Centre Geesthacht GmbH, 

Max - Planck-Str. 1, 21502 Geesthacht, Germany. 


