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Table 1 Clearances between cylinder and piston of diesel engine
I 1 2 3 4 5 6
. o ZHCE B 0. 7 mmy, N s
kTS
TELEM e BB 0.7 mm, o BP0 7 mm, L
FLELRIBR 0. 6 s . ET R 0.7 N ELRI B 0. 87 P C JNEL B 0. 60
S g iﬁﬁﬂl:;ﬁo 87mn;nm S5 BB 0. 87 mm B HCEBL 0.7 mm S SHLIR B M BB 0.6 mm 5 7S L IR] R mm
7 7 .
Table 2 Comprehensive appraisal value and the weighted coefficients for principal components
- 75 2% Tk A5 2 BTk . &Y EY 4 EY i1
4 A e o = e . o
A OH FAP M gitman PR g El 2 ) 5
1 11. 330 4 53.954 4 53.954 4 Fe —0.922 5 —0.3257 0.026 8
2 3.663 7 17. 446 4 71.400 7 Cr —0.795 6 —0.297 9 —0.214 7
3 2.143 9 10. 209 3 81.610 0 Pb —0.934 7 0.071 7 0.042 1
4 1.417 5 6.750 0 88. 360 1 Cu —0.9119 —0.359 2 —0.059 9
) 0.985 0 4.690 5 93. 050 6 Sn —0.348 5 0.695 9 —0.206 5
6 0.636 8 3.032 3 96.082 9 Al —0.823 6 —0.367 6 —0.172 6
7 0.364 0 1.733 2 97.816 1 Ni —0.756 4 0.621 5 —0.054 3
8 0.137 5 0.655 0 98.471 1 Ag —0.5810 0.645 0 0.013 1
9 0.091 0 0.433 4 98.904 4 Si —0.9417 —0.3100 —0.005 7
10 0.068 4 0.325 8 99.230 3 B —0.034 7 0.141 3 —0.929 9
11 0.057 0 0.271 5 99.501 8 Na —0.936 3 —0.215 4 —0.028 1
12 0.032 5 0.154 7 99. 656 5 Mg —0.933 1 —0.290 0 0.034 2
13 0.023 2 0.110 7 99. 767 2 Ca —0.935 6 —0.164 3 0.220 7
14 0.018 5 0.088 3 99.855 5 Ba —0.178 4 —0.277 7 —0.876 2
15 0.010 0 0.047 4 99.902 9 P —0.920 8 —0.146 2 0.251 4
16 0.007 7 0.036 6 99. 939 5 Zn —0.898 4 —0.090 9 0.343 0
17 0.005 5 0.026 2 99. 965 8 Mo —0.704 8 0.652 8 —0.0630
18 0.002 9 0.013 8 99.979 6 Ti —0.709 2 0.628 4 0.002 5
19 0.001 9 0. 009 0 99. 988 6 Vv —0.444 3 0.679 3 —0.138 4
20 0.001 4 0. 006 8 99.995 3 H 0.143 7 —0.268 2 —0.007 6
21 0.001 0 0.004 7 100. 000 0 C 0.127 6 0.422 2 0.359 3
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Table 3 Classification of elements

EWS HRAEE TEHE TCEEA
Fe, Cr, Al, Cu, Pb BT R
1 11.330 4 Na, Zn, P, Ca, Mg GREENEmATE
C, H W R R
2 3.6637  Ni. Ti, Mo, V, Ag. Sn Tz
32,1439 Ba. B TR BRI T E
3.2 HEAXSH

DIV REAS S F 4, AV Fe, Cr, Al, Cu Fil Pb %5 B4
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Fig. 4 Oil sample classification according

to working conditions
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Application of PCA to Diesel Engine Oil Spectrometric Analysis

LIU Tao, TIAN Hong-xiang” , GUO Wen-yong
College of Naval Architecture and Power, Naval University of Engineering, Wuhan 430033, China

Abstract In order to study wear characteristics of a 6-cylinder diesel engine, six different working statuses were arranged by al-
tering the clearance between cylinder and piston. Sixty-nine oil samples were taken from engine at different loads under 6 work-
ing statuses and analyzed by Spectroil M Instrument made in US. Principal component analysis (PCA) was applied to analyzing
spectrometric data of sixty-nine oil samples and clustering those data according to elements and oil samples separately based on
the weighted coefficient and principal component scores. All 21 elements were used in element clustering and only 6 wear-related
elements, namely iron, chromium, aluminum, copper, plumbum and silicon, were used in sample clustering. It is shown that
PCA effectively clustered oil spectrometric data into three different principal components according to elements. The projection
of two different principal components exhibited five types of elements combinations, namely wear elements (Fe., Cr, Cu, Al and
Pb), high concentration additives elements (Na, Zn, P, Ca and Mg), low concentration additives elements (Ba and B), base
constituent of lubricating oils (C and H) and interferential elements (Ni, Ti, Mo, V, Ag and Sn). Furthermore, PCA clearly
clustered oil samples according to different clearance between cylinder and piston in the diesel engine. The study suggests that
analyzing oil spectrographic data by PCA could find the sources of different elements, monitor engine conditions and diagnose

wear faults.
Keywords Spectrometric oil analysis (SOA); Principal component analysis (PCA); Diesel engine; Lubricating oil
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