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Table 1 Materials and elemental compositions of the frictional pairs of a military engine

Elemental composition/ %

Materials

Fe Mn Cr Ni Mo \% Cu Zn Al Ti
Cr4Mo4V (Bearing roll track and roll ball) 88.80  0.40 4.00 0.20 4.25 1. 00 0.20 0.00 0.00 0.00
2Cr3WMoV-1 (Gear) 94. 20 0. 38 3.00 0. 30 0. 45 0.75 0. 00 0. 00 0. 00 0. 00
1Cr18Ni9Ti (Holding frame of accessory 68.90 2.00 18.00  9.50 0. 00 0. 00 0. 00 0.00 0. 00 0. 65
and central driving bearing)
H62 (Holding frame of 0.15 0. 00 0. 00 0. 00 0. 00 0.00 62.00 37.20 0. 00 0.00
accessory driving bearing)
QAL10 (Holding frame of support points 3.00 1. 50 0. 00 0. 00 0. 00 0. 00 84.50 0. 50 9. 50 0. 00

for high & low pressure axle, electric devices,

and central driving bearing)

1 BE B2 B i 45 PR X b . 3 {13+ Fe,Cr.Ni, Mo,

ELWH . FERASMRIAEAAELS YT E (S0293-071) ; RATRI BFE £ YTEIM B (Y0202-MH).
I RS B 18:2003-06-15; #& 7 H #:2003-09-15/B6 & A PR ye-mail :cgzyx@263. net.
YR BRE, B ,1972 4, 4 B, BRI EENF LIV B RS S 2HTR.

V.Cu.Zn,Al 1 Ti % 9 FhoL RENHFTH 2B EY
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Fig 1 Diagram for oil route of a military engine
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spectrometric oil analysis
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Table 2 Input for train samples

Fe/% Cr/% Ni/% Mo/ % v/% Cu/% Zn/% Al/% Ti/%

Sample 1 88. 80 4. 00 0. 20 4.25 1. 00 0. 20 0.00 0.00 0. 00
Sample 2 94. 20 3.00 0. 30 0. 45 0.75 0. 00 0.00 0. 00 0. 00
Sample 3 68. 90 18. 00 9. 50 0. 00 0. 00 0. 00 0.00 0. 00 0. 65
Sample 4 0.15 0. 00 0.00 0. 00 0. 00 62.00 37.20 0. 00 0. 00
Sample 5 3.00 0. 00 0.00 0. 00 0.00 84. 50 0.50 9.50 0. 00

&3 RAAEBUHIGEEFEE
Table 3 OQutput for train samples when collecting oil from oil box
Py ) P3 Py Ps Ps Py Py Py Pyo Pu P12 P13

Output for sample 1 0 0 0 1 0 1 0 1 0 1 0 1 0
Output for sample 2 1 1 1 0 0 0 0 0 0 0 0 0 0
Output for sample 3 0 0 0 0 0 0 0 0 1 0 1 0 0
Output for sample 4 0 0 0 0 0 0 0 0 1 0 0 0 0
Output for sample 5 0 0 0 0 1 0 1 0 0 0 1 0 1

T8 i A Bl P F L FF 8 e o SR A BT KR B
TH K RE LR 3 S TR AL 2 W A R

4 ETHEMELNLEE ST A

AR A T H AR R B B L7 B A .
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i 1Cr18Ni9Ti By BEEERI =4 1/3 HAIEHRE i
FEAS 4 BT He2 W BEBERI =4 1/4 BALEE R
B 5 BIRH N QAL0 B EEHERI ™4 1/5
B AR AR A 6 fRIZA T CraModV ff BE
BRI P A BRI EE IR, BTN 2Cr3WMoV-1 1 B2
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2Cr3WMoV-1 HEE#ER ™= A AL BB R
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550 AH—BK. 24 25 i EE B30 1F R B &k A BE T, A1 R
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Table 4 Test samples
Elemental composition/ %
Sample
Fe Cr Ni Mo A% Cu Zn Al Ti

Test sample 1 88. 80 4,00 0.20 4.25 1.00 0. 20 0. 00 0.00 0. 00
Test sample 2 94. 20/2 3.00/2 0.30/2 0.45/2 0.75/2 0. 00 0. 00 0. 00 0.00
Test sample 3 68.90/3 18.00/3 9.50/3 0. 00 0.00 0. 00 0.00 0. 00 0.65/3
Test sample 4 0.15/4 0. 00 0. 00 0.00 0. 00 62.00/4 37.20/4 0. 00 0. 00
Test sample 5 3.00/5 0. 00 0.00 0. 00 0.00 84.50/5 0.50/5 9.50/5 0.00
Test sample 6 88. 80+ 4. 00+ 0. 20+ 4.25+ 1. 00+ 0. 20 0.00 0. 00 0. 00

94.20/2 3.00/2 0.30/2 0.45/2 0.75/2
Test sample 7 88. 80+ 4. 00+ 0. 20+ 4.25+ 1. 00+ 0. 20 0.00 0. 00 0.00

94. 20 3.00 0. 30 0. 45 0.75

x5 HRBEFHELALEHER

Table 5§ Diagnosis results for frictional parts of test samples

Frictional parts

Test sample 1 P4 (believability ; 0.98),
Pz (believability; 0. 98)
P; (believability : 0.97),
Py (believability; 0.98),
Py (believability: 1. 00)
Ps(believability; 1. 003,
P, (believability: 0.23),
Ps(believability; 0.78),
Pi(believability; 0.50),
Ps(believability: 0. 48),

Test sample 2
Test sample 3
Test sample 4
Test sample 5

Test sample 6

Test sample 7

P (believability: 0.98),

P2(believability: 0.97),
P11 (believability: 0. 97)

P7(believability: 1. 00),
P2 (believability: 0.23),
Pg(believability: 0. 78),
Pz(believability: 0.50),
Pg(believability: 0.48),

Ps(believability: 0. 98), Pio(believability; 0.98),

P;3(believability; 0.97)

Pys (believability : 1. 00)
Pi(believability: 0.78)
Py2(believability : 0. 78)
Py(believability: 0.48)
Piz2(believability: 0. 48)

Py (believability; 1.00),
P3(believability: 0.23),
Pyo(believability: 0.78),
P3(believability; 0.50),
Pio(believability; 0.48),
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Diagnosis of Wear-Induced Breakdown of Machine by Spectrometric
Analysis Based on Artificial Neural Network

CHEN Guo, ZUO Hong-fu
(Civil Aviation College, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: The spectrometric method to diagnose wear of frictional parts based on artificial neural network
(ANN) was established on the basis of analyzing commonly used spectrometric localization diagnosis
methods. Thus the training samples were established using the elemental composition of the frictional pair
materials as the inputs of ANN and the corresponding frictional parts as the outputs of ANN. The diagnosis
to the wear failure locations was realized by coordinating the training samples and training the ANN and
making use of the powerful non-linear mapping ability and error-tolerating ability of the ANN. The precision
and feasibility of the established diagnosis method were validated by analysis of some examples. It was found
that the established diagnosis method was applicable to diagnose the wear status of frictional parts with
convenience and good precision.

Key words: spectrometric analysis; artificial neural network (ANN); wear; faults’ parts diagnosis

Author: CHEN Guo, male, born in 1972, Ph. D. , Associate Professor, e-mail:cgzyx@263. net



%36 B 3 1 [
2004 £ 6 H

it = il XK K % ¥ #

Journal of Nanjing University of Aeronautics & Astronautics

Vol. 36 No. 3
Jun. 2004

& BN E R R

P& B 62 R 22 ) 28 Bt 5 12 B

R R, Z34E

(P R ALZE LR R RALF

Be . B ,210016)

BE A4S EAHINAFIRPHERLELHFAM, ALENTOFRFRANGEAFTE SRR —8EIIT. A

&5 B A RSN R BRI, B S

CEAHMEAF & RAHE,REEREARANZE MG T LK F

RERATRESIO T k. BARBEN ST EAGAFEERF R, H RS MFERT T LR, — B RK
FEAER A R R E LB T EMG M FREFEZREIET ARG MAIER L HF IR
B4 X R AMFEETAAZRALGIGFR, S ERERITRDINGE A AL RS EILET M%7 8t
BEFEALHER RS, BEEILENRELG A AEME SR RER, T EAAYER LGS IR
BE MM FHARLABREGH LR RE  ER—NEHAEATRIFT EA ALK,

KPR A DI ES T BER;HIERS; ERFTERNSE
XEHES:1005-2615(2004)03-0278-06

FESHES  THI165. 3 X ERERIZES A

Fusion Diagnosis for Engine Wear Fault Based on

Integrated Neural Network

CHEN Guo, ZUO Hong- fu
(College of Civil Aviation, Nanjing University of Aeronautics & Astronautics, Nanjing, 210016,China)

Abstract : The fault diagnosis problem of engine wear during test-driving is studied. Four common oil

analysis techniques, namely ferrography analysis, spectrometric analysis, particle count analysis, and

oil quality testing, are applied, and the test-driving data are combined with them at the same time. The

fusion diagnosis method of engine wear fault based on integrated neural network (INN) is put forward.

Firstly, according to a standard wear limit, original data are transformed into BOOL value; Secondly

each sub-NN structure is established and their training samples are obtained by the expert experience.

After each sub-NN is successfully trained, the diagnosis results are obtained by each sub-NN; Thirdly,

with a proper weight matrix, using fuzzy integration decision-making theory, the final fusion results are

obtained; Finally, a practical example verifies that the method is effective.

Key words: engine; fault diagnosis; wear; data fusion; integrated neural network (INN)
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Expert Systems of Engine Wear Fault Diagnosis Based

on Knowledge Rule
CHEN Guo, ZUO Hong-fu

(Nanjing University of Aeronautics and Astronautics,Nanjing 210016,China)

Abstract: The paper is aimed at engine wear fault diagnosis of certain military aircraft dur-

ing ground testing. Two common oil analysis methods,namely Ferrography analysis and Spectro-

metric analysis,as well as engine testing monitoring method ,are applied to diagnosing the military

engine wear faults using Expert System (ES) method. Firstly ,according to expert diagnosis expe-

rience , the knowledge rules based on IF-THEN format of each method are obtained. Secondly , by

wear criterion values of each method, the original symptoms are transformed into character ex-

pressions. Finally,the diagnosis results are achieved through forward chaining method.

Key words: aerospace propulsion system; engine; wear; fault diagnosis;

Expert System (ES)
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Rl: if #ELERIHYPVE then REER (BERFE:
1.0);

R2: if BROR B R K&, then IR K5 95 (B 5
BE:0.5);

R3: if ERER KE,then BB &K 57 (BF
FE:0.6);

Ra4:if FIHFF PR KE, then R A K 57 (B F
& .0.8);

R5: if BRARBE R KB and 2R EE R K& then &
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R6: if BRREE R KB and #3533 K B L then 18
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