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Abstract

Heave earth moving machineries are used in open cat mines to excavate coal, ore, overburden
materials etc. And for obvious reason these heavy machines are considered to be the back bone
of the mining industries. In this case the unintended failure of these machines ultimately results
in serious production loss. In order to prevent such types of failures, the industries generally opt
for different predictive maintenance tools. Although there are many different methods are there
but Atomic Emission Spectroscopic (AES) analysis is considered to be one of the important
method among them. In this work the AES analysis of engine oil collected from a Caterpillar 777
100-ton haul truck will be done. The oil for the same has been collected at five different hours of
operation of the engines and the particle count in ppm has been obtained as result.

Introduction

Since past few decades Atomic Emission Spectroscopic Analysis is considered to be one of the
most useful condition monitoring tools. This method is considered to be one of the most cost
efficient methods for predicting sudden failure of machines [1]. Among all other condition
monitoring method, used lubricating oil analysis is the important one [2-4]. In this method the
amount of different wear particle that are carried by the lubricating oil is counted. This wear
particle also known as wear debris providesuseful information about the equipment. Wear debris
analysis using AES technology enable us to predict the chances of failure as well the health
condition of the oil. This method has already proved its importance in many industries due to its
reliable as well as cost effective results [5-8]. In present scenario oil condition monitoring using
AES technology has proved its superiority as compared to other predictive maintenance tool to to
identify wear mechanism and wear modes present in a machine [9-13].

Condition monitoring of used lubricating oil provides us the parts per million (ppm) values of the
metallic particle present in the lubricating oil. From this ppm value of different metallic particles
the prediction of wear rate can be performed. For example, the abrupt change in the value of
Nickel (Ni), Chromium (Cr) along with Iron (Fe) indicated the abnormal wear on bearing
material. Change in Al indicates the wear on piston, only Fe indicated the corrosion is various
parts and so on [14, 15].

Methodology
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Atomic emission spectroscopy (AES) is a chemical analysis method which makes use of the
strength of light emitted from a flame, plasma, arc, or spark at a specific wavelength to
determine the amount of a metallic particle in terms of ppm in a sample [16]. In this method the
sample of used lubricating oil is subjected to a high amount of energy and thermal environment
which will finally excite the atoms present in the suspended metallic particles. The source used
for providing this energy can be an electrical arc, a flame, or more recently plasma.The emission
spectrum of an element exposed to such a power source consists of a collection of the allowable
emission wavelengths, normally called emission lines. Because of the discrete nature of the
emitted wavelengths, this emission spectrum can be used as a unique function for qualitative
identity of the element. Atomic emission using electrical arcs has been extensively used in
qualitative analysis. Emission techniques can also be used to determine how many different types
of metallic particle and in what quantity is present in a sample. For a "quantitative" analysis, the
intensity of light emitted on the wavelength of the element to be determined is measured. The
intensity of emission at this wavelength will be greater as the number of atoms of the analyzed
element increases.

Figure 1: Atomic Emission Spectroscopy Setup

Figure 1 is showing the Atomic Emission Spectroscopy set up used in lubricating oil analysis.
The gap in between the rod and the carbon electrode disc is subjected to high temperature
electric arc. Due to this high temperature a small portion of the oil sample vaporize and form
plasma. At this high temperature the metallic particle present in this plasma emits some specific
wavelengths light which then received by the optical sensors. The responses from the optical
sensor are further amplified to produce the result.

Source of the metal particle
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In order to interpret an oil analysis report accurately it is vitally important to know where the
various elements come from. The table below is containing information about various metal and
its sources.

Table 1: General element and contamination sources [17]

Metal Found in

Iron Particles “Cylinder liners, crankshafts, etc.”

Chromium Particles “Cylinder liners, rings, shafts, etc.”

Nickel Particles “Anti-friction bearings, gears, etc.”

MolybdenumParticles “Piston rings, synchro rings, etc.”

VanadiumParticles “Turbine blades, valves, etc.”

ManganeseParticles “Shafts, valves, etc.”

TitaniumParticles “Turbine components, springs etc.”

AluminiumParticles “Pistons, plain bearings, etc.”

CopperParticles “Plain bearings, bushes, etc.”

TinParticles “Plain bearings, piston flashing etc.”

MagnesiumParticles “Oil additives”

CalciumParticles “Qil additives”

ZincParticles “Qil additives”

Phosphorus Particles “Qil additives”

SulphurParticles “Oil additives”

BariumParticles “Qil additives”

BoronParticles “Qil additives”

Lithium Particles “Greases”

Sodium Particles “Internal coolant leak, oil additives, etc.”

Silicon Particles “Dirt entry, oil additives, etc.”

Experimental Results

In this work the lubricating of a Caterpillar 777 100-ton haul truck has been collected at five
different operating hours i.e. at 2606™ hour, 2801™ hour, 3092™ hour, 3606 hour and 4157™
hour. The operating hours mentioned in this article are the total run time of the engine till the
collection of the lubricating oil and certainly do not indicate the total run time of the lubricating
oil. The results obtained from the AES analysis are tabulated in table 2.

Hours | Fe Cr Pb Cu Sn Al Ni
2606 9.1 0 1.2 3 0 0.5 0.2
2801 7.5 0.2 0 2.7 0 0 0
3092 9.1 0.3 1.1 2.4 0 1.1 0
3606 22.9 4.4 0.3 4 0 0 2
4157 6.4 0.3 1.9 2.9 0 0 0

Hours |Ag | Si B INa  |[Mg |ca |Ba
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2606 0 7.6 59.9 4.1 15.5 2909 0
2801 0 8 58.4 83.4 15.6 2899 0
3092 0 6.4 9.1 14 43.5 2965 0
3606 0 3.8 12.2 6.5 411 1793 0
4157 0 4.7 2.1 4.5 10.4 1736 0
Hours Zn Mo Ti Mn Cd
2606 954 1269 1.4 0.6 0 0.6 0.9
2801 1148 1298 1.2 0 0.8 0 0.6
3092 1087 1313 1.1 0 0.7 0 0.8
3606 1091 1211 3 0 0.1 0 0
4157 1120 1151 70.4 0 0.5 0 0.8

Discussion

It has been seen from the Table 2 that the wear particle concentration at different hours are
having many different and diversified value. So it is not possible to plot all the data in a same
graph, otherwise many data will not be visible. In order to minimize this problem in Figure 2 the
wear particle concentration data for Iron (Fe), Chromium (Cr), Lead (Pb), Copper (Cu),
Aluminum (Al), Nickel (Ni), and Silicon (Si), have been plotted. The main reason behind
selecting all these element in a single graph is their value is ranging in between 0 ppm to 25 ppm.
For the same reason Figure 3 has been plotted against Boron (B), Sodium (Na), and
Molybdenum (Mo). It can be observed from Table 2 that value of these elements are ranging up

to 84ppm.
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Figure 2: Wear Particle concentration of Fe, Cr, Pb, Cu, Al, Ni, Si.
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Figure 3: Wear Particle concentration of B, Na, Mo, Mg.

Figure 4 is consisting of the data of Titanium (Ti), Vanadium (V), Manganese (Mn), Cadmium
(Cd) wear particle concentration. Although it has been seen from the graph that the value of the
above material is very less which can be ignored, But Manganese is one the most important
alloying element for steel as well as of many aluminum alloy. So it is important to monitor the
ppm value of Manganese. Wear particle concentration data for Tin (Sn), Barium (Ba), and Silver
(Ag) has not been plotted as there is no particle found in any of the hours. It has been seen that at
the fourth sampling hours i.e. at 3606™ hours the wear particle concentration of many element
which include Fe, Cr, Cu, Ni, Mg is maximum and abnormal. From the table 1 it can be conclude
that there must be some abnormal loading has been occurred in Engine block and the bearing
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associated with the engine. Some problem may also be arises from the additive of the lubricant
also.
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Figure 4: Wear Particle concentration of Ti, V, Mn, Cd
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Figure 5: Wear Particle concentration of Ca, P, Zn

As per the Table 1 it can be conclude that the abnormal value of calcium (Ca), Phosphorus (P)
and Zinc (Zn) are from the additives of lubricant. If the wear particle are forming out of the
additives of lubricant that means the oil health has been completely degraded and the oil must be
changed at no time. This values signifies that the whatever the used oil samples has been tested
they have been collected at the end of their life.
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Conclusion

In this work Atomic Emission Spectroscopy has been performed for used lubricating oil analysis.
The oil samples have been collected at five different hours from a Caterpillar 777 100-ton haul
truckengine. The AES analysis has given the data in terms of parts per million (ppm). From the
AES analysis has shown that there is a sudden abnormal change in Fe, Cr, Cu, Ni, Mg wear
particle concentration at fourth sampling hours i.e. at 3606™ hours. The probable reason behind
this has been figured out as the abnormal loading in engine block and the bearing associated with
the engine. It has also been found that there is always an extremely high particle concentration of
calcium (Ca), Phosphorus (P) and Zinc (Zn). This signifies that every time the lubricant has been
collected after the end of the lubricant life.
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