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Abstract  
The prediction of wear rate is important to estimate useful life of the equipment. This paper focuses on 
lubricating oil analysis to predict wear out effects caused. Condition based maintenance using lubricating 
oil analysis can reveal failures before it actually occurs. However, in lubricating oil analysis, attention is 
often paid to the transition of iron. In my opinion it is difficult to make an abnormality judgment focusing 
on iron component only. In this research, the oil used in the cylinder is analyzed with different engine 
service conditions. The relationship between the service conditions and the elements in the lubricating oil 
are established. In addition, the relationship between different element in the oil are established. Firstly, 
Fluorescent X-ray analysis is adopted to reveal substances contained in lubricating oil. Secondly, the 
relationship between multivariable by applying a Gaussian graphical model to the analysis result is 
examined. From the study, it was found that the iron in the lubricating oil is strongly related to sulphur and 
vanadium caused by fuel and copper by wear. 
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Fig.1 Graph structure of Gaussian graphical model of M = 6 
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Fig.3 Relationship between fluorescent X-ray 

intensity of Fe and total engine time of OV 

Fig.2 Relationship between fluorescent X-ray 

intensity of Fe and total engine time of AV 
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element S Ca V Ni Cu Zn Ag 

Correlation coefficient 0.826 -0.387 0.811 0.668 0.786 0.401 -0.234 

Table1 Correlation coefficient of each element with Fe 

Fig.5 Relationship between fluorescent X-ray 

intensity of Fe and S 

Fig.7 Relationship between fluorescent X-ray 

intensity of Fe and Ni 
Fig.8 Relationship between fluorescent X-ray 

intensity of Fe and Cu 

Fig.6 Relationship between fluorescent X-ray 

intensity of Fe and V 

Fig.4 Relationship between fluorescent X-ray intensity 

of Fe and unit cylinder output 
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Fig.10 Graph structure of Gaussian graphical 

model of AV ( =0.6) 

Fig.11 Graph structure of Gaussian graphical 

model of OV ( =0.6) 

Fig.9 Graph structure of Gaussian graphical 

model( =0.7) 
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