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Wear diagnosis method for key friction pairs of
high-strengthened diesel engines based on random forest method

LIU Jie', FENG Haibo', LIU Fengchun', XIE Jun',
CHEN Chuang' , DONG Hongxia®, LI Chuang', MAO Yuxin'

1. China North Engine Research Institute, Tianjin 300406, China;
2. Shanxi Diesel Engine Industry Co., Ltd., Datong 037000, China

Abstract: To clarify the friction pair wear information contained in diesel engine lubricating oil, spectral
analysis is performed on 170 groups of lubricating oil samples collected during the durability test of a high-
strengthened diesel engine. The nonlinear fitting method is adopted to analyze the correlation between the mass
fractions of Fe, Cu, and Al elements in the oil and the wear of key friction pairs. A Python programming
software is used to construct a random forest prediction model based on Fe element, and the receiver operating
characteristic (ROC) curve is combined to evaluate the accuracy of the model. The results show that the mass
fractions of Fe, Cu, and Al elements, which are mainly correlated with the wear of key friction pairs, are
significantly concentrated in specific intervals. The mass fractions of Fe-Al elements can be used to correlate the
wear of piston-piston ring-cylinder liner friction pairs, while the mass fractions of Fe-Cu elements can be used to
correlate the wear of crankshaft-crankshaft bearing friction pairs. The normal wear interval and wear alert
interval are set according to the mass fractions of Fe, Cu, and Al elements, and the accuracy of the constructed
Fe-element random forest prediction model reaches 88.24%. There is a strong nonlinear correlation among the
three main metal elements of Fe, Cu, and Al, and the wear alert interval can be used as a supplementary basis
for diagnosing abnormal wear of piston-piston ring-cylinder liner and crankshaft-crankshaft bearing friction pairs
in high-strengthened diesel engines.
Keywords; friction pairs; spectral analysis; wear interval ; wear alert; nonlinear correlation; ROC
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on the pre-ignition characteristics of the E22 engine are further analyzed. The results show that under low-speed
and high load conditions, the pre-ignition frequency of the E22 ethanol gasoline is 1-3 times that of pure
gasoline (EO). The use of low calcium engine oil can reduce the frequency of pre-ignition. When the torque is
240 N - m, the pre-ignition frequency of the E22 engine is reduced by 65% compared to conventional engine
oil. Increasing the number of fuel injector holes from 4 to 8 and shifting the injection, the pre-ignition frequency
of the E22 engine is decreased by 61% compared to before optimization when the torque is 240 N - m. Reducing
the excess air coefficient can gradually decrease the frequency of pre-ignition. By using low calcium engine oil
combined with optimized fuel injection, the pre-ignition frequency of the E22 engine is significantly reduced,
and it passed the pre-ignition test standard. The engine produces a peak torgue of 240 N + m within the speed
range of 1 750—4 000 r/min, and achieves a maximum power of 120 kW at 5 500 r/min.
Keywords: E22; pre-ignition; low-calcium engine oil; injector optimization; excess air ratio
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