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Abstract; The paper studies the knowledge acquisition of aero-engine spectrometric oil diagnosis expert system and
establishes the knowledge acquisistion model with the rough set theory. Firstly, it establishes the representative
sample sets which reflect the relationship between the spectrum element content and spectrum element content gra-
dient and the wear faults of an aero-engine. Secondly, it uses the discretization, reduction and rule extraction algo-
rithms of the rough set theory to acquire automatically knowledge rules from abundant fault samples, and saves the
rules into the knowledge base of the expert system. Finally, it establishes a reasoning machine and uses some rea-
soning strategies to carry out the wear fault diagnosis of the aero-engine. With aero-engine spectrometric oil data,
the paper verifies the rough set’s knowledge acquisition method.

Key words: aero-engine; spectrometric oil diagnosis; expert system; rough set theory; knowledge acquisistion

iz RS HURY B AR B RS W B S W &
FPEMTHERMEERENNTRKER
o JBRMBEE(E LR EH AL s KRG
FAHEIE B R BB R B B R R R AN B
B, BTHEMTANESELETRERS
B MR Z EMNER, MTARFHER,
BORE VR, 407 i (A48 LR %o 36 Bk it <& JR A
BHR BB SRR BRT, M BB ET M
BEEHAR TR,

WrEs B 3#5:2006 - 09 -21

EEEM B BR1972-) 8D, [, 4, B, cgzyx@263. net

KW ERRGERFAGETHITME X
HBRH LKW E RO B, BEl, XEMME
REEWHLHBHENERRE" ", wingk
EFSTSEMILIT R R SIVLS T B B R 4 EDMS. %
I 0 5 K T ) 0 B B R 48 PMP, IR
GasTops A} FF & 3% E JOAP £ 5 iR 75 W I A g
B ARG CMIS 3 E Mobil 18 ¥ W2 B FF Z K SE#R
AT ZR YL PFALink | 3% B 10 €& K 3L R BT R K 1E
WM& K R YL Lube Analyst il Atlas &5, X4k


http://www.cqvip.com

898 L T I

E 000 http://www.cqvip.com]

26 %

BAF TR U] — MERMEH RS, KL
HRERERF BOIR, 5SMET A R R i
STREEHTTR R R EABIT R AL X R H
MHUFF R T LB MBS ERRE™
BAg T % ST

B, R E B, X TRIEMZ Z S PL7E N BRI
WRE EE RSB ERRENI R T A FERS
RRZAE, FERIE BN ERRRE L RAENR
FRENAE 155, AT BT R, 0 PUE B 2 4 5 T Y
s, HETMERRGEMINERES ERRETEE
AU T ik, R RIXE (A 2 %
SHITEMA - IR B EHSRIEERE,

H T ERBEE ST RIRA SE B A E MR
S & R ARG AL, A< SORHLRE SR
TR RSO S E T R RS, FE
BRI M—RINE R EAERREMIAN A
EhARE, ARORT T R RARGE R BEIKF-

1 EFHABEERMNIARBNSHERRRERE
EFMRAMERALE™ E5 i AR
PLABLIE D AR T RE BRT RE 2R
EEAM. FERHETARANNERRGEHTH
VURERFISE T A, 4% SC 32 3 T AR HIL iR
BERBME R RS . HILERBNE 1 FUr.

Ei: 1

DRI TCH I e HE B R BERE S

RICTHRWER
WREEBEEATERIZ R

l

|
!
]
!
TERIRE R, I E
!
i
]
:
]
]

M H AR oL PUR

REEREH

B ETHERESMRA SRR E ZTCR S R AR

B EERIEI R TN, B L A
PERARRARAER , SR /5 ARG SR 30 T B 4 5F R
YA E LR RN SR B S5 07 ¥ AT AL SR B,
I AFHVURFEA R, X TRIZETHEA  HE
JRAFALAE A BRI , 1% —E HEE DL 2 HE 2 B
WABBESER . BERFEAERIRIES, AR
AR, 15— E RN A B R AR A R P AT
1, TR, MLER, BEENZ 23l
AR AR R, MVUE M AR EIER R
TEHT, R FERNSWHE B RR

2 MBEINAELEH ERREFAIRKRARK
#HA
2.1 HEEREEE

RS SR HHIE R BE T B OBR AT AR B, T b

SR TSR, B, R AL,

R WR PIRR— AR BIR
PTRIRFSENRGE, RIOFIRT R, RITRT
SHIRTR. —BORYE, B AR 4 FAHI, S =
(URY,f), 3ok URIEBR = CUD RBEA
£, T4 C T D SRV H A& AR PR SCR B, V
HIRHAR /U x R J— M5 R BT U
thig— X R B

BRI r(d) o Rtk o KER YV,
EH—MSET TR (0, 0) 3 o e R,c HFH
8o BV, = [L,r,] LOEE—1 B REA
[ (@,60) (a,8) o, (a,6) | BT V, Efg—4
PP, = |[cgeh) Lefe), L et

Bt AR P = UP, X T — R HBER


http://www.cqvip.com

78

E 000 http://www.cqvip.com]

B R ETHREEBNMNE ZIPRILESH € ARG NRERONERR 899

S=(U,R,V*, f7), fP(xa,) =ienf(x,) el¢f,
) S FreU,ie {0, k), R TERE, K
KMEBREH—NHEBRREFTAE,

TESETE S AT EUE Ll H —ARE TR S
REFREBEREREEREBEBRNEF” %
HEIHRETIH, XLE-MHBEHEL, AELFE
B E R RME (B F FIRE R e e 5 B,
FERNAERENERMSEITEM L MERES
FBEHLE A,

75 3C AR A B &, B R RDRS SR 38 MBS HE
FEHETES B, AT, Nguyen S. H.
#1 Skowron 21 7 /RZHE MK IS S M
BEOrE" R EE S PR BENE AR
B HEA B EERFERRENT R4 5
REAATHRTRT, RER/DME MBS0 H
SEHI D PEL R X4 FF ,Nguyen S. H Fll Nguyen H.
S. ZEUER B M T LB B, KA T it
B fy2s (B FET (B B A B, Rk, A< SCRI R D BBk
LB ERHL
2.2 BEAH

L2 RGP FR. XN THMEEFEBC
R, EMART FHZICKFR IND(B) , Bl IND(B) =
[(x,7) (x,y) e U, Vb eB(b(x) =b(y)) |, M
BT, AR 4 PE6 R A E S AMMES R,

X3 EEE, BB AHE BRI 4P
MRABMES , BABIS AR

X4 BUHEAHE., E BCA,BHEE AR
P4 B HX TR KRR 4028 —3B, Wt R A F A
R 5r386E 77, X FEFR B 2 A MAEXT AT, % Fie
BUPHQRAEXTEU LHMBANEMALRELQ
CP, ik @ IND(Q) =IND(P); Q R LK,
MR Q & P H—A-4aXt A8, X TFB U,P fQ
HNEXEU EHBENENMRRE, P WTE Q AT
B IRIRRRIER N P # Q #%, 184 CORE,
(P)o MR P FRNE Q AR RN RED(P),
WA CORE,(P) = NRED,(P),

REAHNEVWRERBEENRME, HRX
SITRENE, Rt REEEEE RGPk R
TAFRMEZERE, EAREELEY T8
HEERENITFHZE2EBTIoR P ML, F K
BTAERAR, BT RETEWREARBOERZ
—AN-PRERME, Bk, REAFHTEERG 2
By REH AXRAETHPEEEMNAR
Fet,

2.3 {AARSHRMRR
LS HAR. W TREAR R IRK

R MMREEFEWMOATARER, N THUMESPH
BFEANMEEFRGRNE, WREHZFLR
P, AR T S 0 AR 05 4R Hh g il R0 b 2, U]
DANZ M h X iZ &k GRE. @3 XL
MANESFHFAEMMIAEBITURFERE,
X—id R E LI .

EXL6 KM, XFTHEFES=(U,R,V,
itay,ay, 0.t eP,IAK(e,0) A(ay,0,) A
o NQa,,v,) BRI P BERLN, MR AR P EER
KHE B=(d,d,), W A->B JEA RN,

R BT E 2 F W iE 52— N-P 5E£& 7
B ARG FERBAMEERLSH., BMC&RE
TREEAR HE, A EXELEHEE, ANEHE
{HA R BT IR R E 21 2 R g S
BEyES%, AXRABEREAMERES . N
WRBUS W] A EEEFEA MR E, iz Rl
AN RZE SRR S R IPES LR
B RHES NGRS AU ARNESE BN
A5 B B A 5 S B
2.4 HEFEMN

T MNBIIEBZERAEE, W FRE
ES=(U,R,V, ), BLRHN A—B AR EHERT LA
st (a,B) KFR, Kb a= |XNY],B=1XI,#
R AFER A T B A—Bl (a,B) , K X = {xlx
eUNA, |, Y={xlx e UNB,|, A, FEREH » 5%
AR R A A, B, FREN » MIPRE MR
BARXBXE, S8 B FRT ZMMNIERKRF M
(BXNBREE) . o/BEZRNKATFERE,

X8 BEREMANHEIE B, ZHME
PRI I 156 355 SR B0 R A D 7 5 25 BURE AR A HE N ( B
RIBEZNHEABBRRN) BFERNEME, B
FHRIAGEERHERMR, RELARERE BR
BREKEA—BMN R, F1 R, FlE5—AFrfH
UG EE, W .

o/ =B, My =v,,6 =max{Bili =1,
215 #F a, /B # /B, M

(1) #FB =B, M y=y,,a =max{eli=1,2};
BIAEST B — R RSO0 T BT 15 B BRI AR S
ML

(2) # B #B., WDH B, > Brrai/Bi > /By
(IR E RN EER) , Wy =y, ;QFB, >
By sy /By < o/ B, ( H BT BE R FR I AT 45 B ) , ]

2

2 .
ii?%7=7,~,a—=mw<{—‘

TR

FEHEFALR T o 75 B 55 SR AL U A1) wh R AR R [
R o AUl T R R 25 BN S i HEERAL A, I



http://www.cqvip.com

900 MRBB%EEHER

E 000 http://www.cqvip.com]

526 &

VCRCIR R E e (B AN, SR
R {5 BE MR 2 A, e IO i B e K (L AL
WA BT £ ) AL I o T AR U B T £ B AR
FEEHNREC P AR THE ok . B RE SCIEH
A - AR 2 HOAR S B HE 2 P 78 20 A AL U 5
WIEH ; & AR RS AR 38 2 JUiR Se R HE S AL
HB B RN SRR ; 1 IRE SO : O RFEF
FEMMEFRAE S Z AT O ; QM E
FAE AN SRR AL, RERE A
BN £ 54, B0 8 SRR R, R
MR AR —FE

FEXT AR BRI A HEAT IS W, B SOl IR R
WA P RUE S (AR A T B LASE L
SRR, PRE PR P B A A RE SR B RS
AR IOWT R P B RE TR ARAE IR 4% fH 3 A i3

HUs T B P ELR E BRI P AT

R, KB HRCEAIAN

3 CHEKH)

AR CUREFERME Z LRSS EEE 5,
ZEEAET 10 EME RN EEFRET HE
BRAET W 237 MEEA, Fe Al Cu.Cr.Ag Ti, Mg
X 7 MRS BRSNS B X

RLF (A, ~4;) o BHEREF" 40 “1"—IEHR
A2 ——Hfi ] Bl AR B A AR 37—l R R
B ELAR TSR 3 M. BEHURS“F RN SE
Bl RBHE Do

F 1 H o FdE . FREYLE B B
107 AR Jg Il GrAe A< AT SN SR B, FA AR 9
130 MEHRAE o Bl A A X AR AT IR, &2 h
MARLEENNGHFARTRERBNER. &
3 % 2 Rl AT IR R R A TEUREE
MZER . FIEET PR 04 8 J7 ik TR PR 18]
BEIARTHRIER N A, 14, BRAREXE
A E TN R, B2 N2 4 MALN RIS
Fo 5 HFAMRALER AN TR R . &
RIESTRIT FTRBAN B IER T, 4<3CH RS
WX B BRI T MM BRI, =400, B4
BB FE T SR P B RO . KL T X
TUAFIE B 48 {5 SR 4

BAR, ¥ 2 TAERE 52 BIS I JR IR BT 35 5 A
TMA VIR EE L KRG, LMK 8 3R,
A FRLRE SR ES BB AR AL B 5B A MPE,
BT ERIPINE D 78, A RO R T AR
KRB . KRR LR RERE IR
MAPIRINEE ST o

R KEHESRES FANE

Fe(4,) Al(4,) Cu(4,) Cr(4,) Ag(4s) Ti(4s) Mg(4,) F(D)
4.8 0.0 1.5 0.2 0.1 1.0 6.1 1
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4.0 0.0 1.6 0.2 0.4 1.1 4.2 1
8.8 0.0 1.9 0.4 0.5 1.4 4.7 2
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