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Abstract : ‘Although spectrometricoil analysis (SOA) is a widely applied technique for
wear condition monitoring of lubricating system, this sngle monitoring techniqueis difficult
to accurately predict some damagesor failuresin oil wetted system including bearing fatigues
of aero-engine. In this paper, two techniques including SOA and auto debris classfier were
applied to synthetically monitor a certain aero-engine, the Dempster-Shafer (D-S) evidence
theory was used to implement fusion diagnoss, and an engine oil monitoring expert system
was developed to carry out fuson diagnosis. Finally, some examples were analyzed; the re-
sultsindicate that syntheszed monitoring and fuson diagnoss is an important approach to
increase the reliability for forecasting failures of aero-engine.
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1 1088#
Table 1 Monitoring data of oil samplesfrom engine 1088 #
/h / / / Cu/
( /mL) ( /mL) ( /mL) ( /mL) 10°° 10°°
73 0 7 10 17 0.8 0.6
79 0 4 4 8 0.8 0.2
82 0 0 6 6 1.2 0.3
88 17 16 34 67 1.8 0.5
90 29 28 31 88 1.7 0.4
96 31 30 39 100 2.1 0.3
98 27 26 53 106 2.5 0.3
2 3006 #
Table 2 Monitoering data of ail samplesfrom engine 3006 #
/h / / / Fe/ Cu/
(\ /mL) ( \/mL) (_A4mL) ( /mL) 10°° 10°°
223 23 38 53 114 3.6 1.9
233 33 46 126 205 4.3 1.9
3 3015#
Table 3 Monitoring data of oil samplesfrom engine 3015 #
/h / / / Fe/ Cu/
( /mL) ( /mL) ( /mL) ( /mL) 10°°© 10°°
370 21 39 54 114 1.2 0.6
377 44 48 76 148 2.9 0.6
379 35 42 78 155 3.7 0.6
2.4.2 mL 4,
8 L
LNF , 200 m

60
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4 8
Table 4 Monitoring data of oil sasmplesfrom 8 engines with potential malf unction

/ / / / Fe/ Cu/
( /mL) ( /mL) ( /mL) ( /mL) 10°°¢ 10°°¢
3017 # 33 48 52 133 6.4 1.2
2032 # 29 39 49 117 1.8 6.1
3116 # 9 39 37 85 6.2 0.8
3021 # 11 45 74 130 7.1 50
2276 # 23 41 29 93 3.1 5.6
1098 # 17 19 29 65 13.2 0.8
3062 # 52 75 196 323 16.8 3.1
3104 # 11 35 23 69 8.0 0.9
6.0x10° ¢, 8.0x/10°¢; 4.0%0%°, 6.0x10°°.
. R5:IF“ Fe " (CFes) then"
, "(CFRS)[CFS]
, R6:IF' Cu " (CFes) then"
. " (CFrs) [ CFs]
3 CFEi(izl,z, ,6)
) i CFri(i=1,2,
6) . ,
- F
' € " , CFri=1(i=1,2, ,
Cu ; 6). , p
" , ,CFri 0
1 .CFR(i=1,2, ,6)
” ( .
) : CFi = CFe X CFri,
' (i=1,2, .6 (1)
R1:IF ” (CFm) then" ( )
" (CFrn) [CF ' ’
(CFu)[CF] Ali=12, .6,
R2:1F " (CFe) then A,
“ "(CFr)[CR] ba(x),(i=12, 6, ,
R3:IF (CFgs) then “A‘(Xi), (i =12, 6
"(CFrs) [CFs] ,
R4 :IF* " (CFw) then* CFe =Ha(x), (i=1,2, .6 (2

"(CFrs) [ CF4] , ,
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Table 5 Fusion diagnosisresults of oil sample
CFe CFr CF (« -
R ) [1] RhineW E, SabaC S, Kaufmann R E. Meta particle de-
tection capabilities of rotating disk emisson spectrometers
Fe 0.68 0.50 0.34 [3]. Lubrication Engineering, 1986, 42(12) : 755.
Cu 0.18 0.50 0.09 [2] Hunt T M. Handbook of wear debris analyss and particle
detectionin liquids [M]. London: Hsevier Applied Sci-
0.77 0.30 0.23 ence PublishersLtd. , 1993: 263.
0.93 [ 3] Dempster A P. Upper and lower probabilitiesinduced by a
0.67 0.30 0.20 multi-valued mapping[J]. Annasof Mathematicd Statis
tics, 1967, 38: 325-339.
1.00 0.50 0.50 [4] [J].
, 2005, 16(4) : 299-302.
1.00 0.60 0.60 . . 3 . ]
CHEN Guo. Inteligent fuson diagnoss of aero-engine
:CFe ; CFr wear faults[J]. China Mechanica Engineering, 2005, 16

,CF

(4) : 299-302. (in Chinese)
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