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Abstract In this paper, we discuss the applications of time series modeling method in the analysis of lubricating oil of mechanical
equipment. We obtained satisfactory results by applying AR model to perform time series modeling and forecasting analysis to the
collected spectral analysis data of the air engine. So we have built a practical method for state monitoring and trouble forecasting of

mechanical equipment.
Keywords Spectral analysis,  Time series modeling,  Trend forecasting,  Monitoring technique of lubricating oil

O (Received May 24,1999 ; accepted Nov. 8,1999)

gL EE E R FE T F AR IR E S AESE N
th [ fh 2 o R 22 R EDETE 242 (B5) 52 T 2000 4F 55 = 2% B H P85 L i 4 [ B 1 D6 3% 4 2
ARt gre BURAESCRAT KCHTLE AN T -

—fEXHE
1. SFE TR LG (1245 ICP\DCPMIP) (55 B T4 1% (ICP-MS) &7 Bl 57 2¢Ok A B 3
BT I BT HOR BT X ER FIAE R R R Y
2. X-GHEPOLIGE MO EAR B ik WEE
3. JEFOUIE S AT R AR R
4.t BT A HLBARTE T s o 4 vh i
- OF B TR S BOR BTSRRI AR 25 50 H7 b (R 1 5
£

s E1 3T L T g e b b A
6. EETLENSHEAS,

N

0 T FXEWm

Lo AEE R 7RI T AT R et sl fE 4 B2 AR £ 0 b3S ad B9i6 SCASE R AiE 2 9]

2. WA SO E B 1200 ~ 1500 S0 A0 22 (5 SO H Gl TR A2 2 S0k ) | 35 FF 4000 ~ 6000
P42 3C, BER RAB B SO R 45 BRI AT B T SR . SCREFI T LT ED 46 18 T SR B A e B R 4t |, 22 1
ERISCF I E RS . KAMTHE  XMEEEORFAGIE J58 . FHHPES08 3 Fs it . F 2000 4€ 3
AIRFHS e 2 AUmiBE XA BRI B 76 5, S 500 BRI, BB 48 . 100081 . {5 EH5 9]
C BRI A IR SCEF R RS B A E R H 00 B8 SCRIB TE QLI 5610 L. Rl
eSS AT S O AR R 3 EH B R IRH .

= INESREEH
T THEAER T R P A 5 S UO B E I 28 I A3 B A A F B, BT e (S B R i 4. ¥k
W0 E N IMER T BN SR A A )4, BER AR B R 15 :010-62182998

79 | £33 B (8] 0 b o
2000 1 9 H¥I{E AR IFE LI & BT OES 0 #F R4 4
P EMLF A
PERFES
B A ()
w9 AT R A
W T EFATAMEER 4
) K F
1999 4 7 A




oy, 75 2 58 #EPDEE 15 ) :

w® B

PR LECC IR

ik
J()an\/\r OF VIBRATION AND SEOCK

Vol. 19 No. 1 2000

IR AN (S SR E AR G Iy s

A

TR

55 ] P TIX
ZHILN T

fili B MLk m;u Yy dié 2t it
CANZ N, IR H:'H‘lf

SEGRE iesh bk H"H“M
PR ACE . TNOLL. 72

TAUGRL o BRBRE T, JEOR T I {5 4 22
iH 1L1 J L, W Ah PR MR 12 T () 2EAS S TR
B,

EHEEEY 1LT2fﬁ*ﬂf?n3"m{&”2“ﬂdl B
75 Bl B 7 e AT TRl B T 40X i
ﬁfﬂnﬁ&,&ﬂf?fﬁhd&,Fb;%fmuhm
Hilbert 551 1520 i ik S0 fre UMk 46 80
TN r(z) W R ).

(]) 45 _(J'l,'ii,y ."\, b ‘.’\.\/) = Il(f\' 3
(2) -5 ;;_(_',;{.:}) = (1 702), =25z
(3) S(z(2)) = .L‘Z(l):
(’1) H'lhﬂ‘tf} = II. s Hix(t)) = 2(¢) = (3 7t
/J{:%,”\ b5

BT P, w(a(e)) = (a(2))?

N
Nod
bS]

=
{
e

(5)
:z.'([):l.'(lf);
J't’l’{‘;'i', A SIS L SRS it AT (5
S TA B AT "PLHJ fGH g S ; SEE T
WE{ELAR M, SR AT (55 10T T S SRS s e 751
ANGE TS 3010 0 ﬁ,’l’*buﬂhf RERC 1“
H(x) M-I R SEAIR 9285 v 5774 i
iR () fISTARM Y,
AR R R O A
= 4
(4}

~.

LR 7 I 20 5 Bt
7> TR () TRl 20 s fie
IE, A7 WX AL Ry ?"\'H*J

5 o T ik ik HEREI

J}r 1'[ 'J\', {”'/L"/('J I”J” f
R friJ‘i'-'/i\':"ﬁ‘ ~

SR BT EGIE - AE Y BF s, BT
(i) -3,

L aafaE s A

l/il/ V”“:’ fl‘
a (e ) : By fuf s

da> @ AR

RIS
> x(e) = a(t)cos(my), o,

13
AR, 47 a(e) =0, S @ik A
; {‘I . 2> (’.",UJ}I).-/\ s

CCRTITE 1559 - 01 -22
R (I ¢ oo B S W 1 v

1955415 Jik

Y

WA R LA
BRI RS T P il J\-J-/’;"v‘l/" YN

www. ertongbook. com

P EANH

AT TR 210016)

{llul‘; 1/\9 " f “ |:I|u]' {r{ll J/Jf}\,u\’)ﬂ ’ {f

I3

(1) (o) AT THEET N
Al2() = a(e)|cos(at)| = als) -

(2( + :5_;(‘05(2(;)@) ; ;‘ Los<4mcz>z ) (1)
XFaC (1) B9 268 XHE G732 5T 45 S 3 47 (i ug ok

Apr(2(2)) =~ “f(!) (2)
Hoofr, LPF: AIRiE
(2)  a(e) £V 7 fzz-u%)ﬂ:

Llz(2)) = gz%)( |eosad | + coswe) = a() -

9 o)
(‘1: + ,E coswt + S;r‘m%n t - ;‘5:66%4(0 E)L (3)
X (3L EF S AT R A

Lypp(a(2)) \«'_" () (4)
-J’:"{’,]Pf‘:ﬂ\\.‘lﬁ' : ,;".
(3) &) BT THTER
2

S(x(0)) = e(Deostant = S+ coRt) (5)
AT A ST A S TR U e A
St (a(e)) 2 a*(2)/2 (6)
Hrpo1pr )’\Jﬂﬁ?"“?«i’f“i!‘ic
(4) () W Bitbern SHTE54 .

H(x(2)) = (a(t)coswt) = ‘1~ =~ a(t)sinws  (7)
(5) (o) (fEGEST ru~"/ﬂ"”

W(a(t)) = F(a(t)cos: ll)“’a“(t)c-) (8)
NN CINCYNGINCIEE N R R R

SEIARY S 2GR0

a(t) == ';—1"&/1’1:(-(') == ail gy (a) 2= \/ 25/1;(1‘) =z

VLI e L S (9)




Qs )\J R e A ST S H T }I?‘ 23

2 FEWHESHERE

4 15T 4’&“&(9)nm = R A A

PETRAER R DAL Ewplg iy, R s
}' J: k(9)ru)iﬁ, ‘hl'l'JUx'd il {5 ”"—-ﬂxo e ASET
P LSRN S ST i ki i A, 14 1 ()
%] 1) I 1CQ) MR I (7 Sk 33—
B . AT P P A B G DI e R0, (4
TP g A 14 1D By L 53T
A ST S e A . 2R3, 1 Q) Rk
ﬁ’” S 1) L (o)« () (o) (D {5 L a4y
HELEY

“a(f) = 14 0.4c0s(407 ) + 0. 5cos(807t ) (14
}J FER 5 T 0.2081,0. 1987,0.1770.0. 0198,0. 0002;
Y L IR AE A 0 S R 15t
i J’:i-‘\(‘))éw AL

2 AT 255, {HHS

pReRIiE

AR/

JOE 0T EA "h) 500 603 7(‘0 860 900 1000
(3) ¥
¥l 2 SKAY
iy . /\/
! ™ N
* [; . { TN S (O
ST 30T 400 500 620 700 800 900 1000
FAY R

./\f\/\/

TP I 300 400 500 600 700 800 900 1000
(C) FAEM
i
)

N\ 7N\ NS \\/

. "-M :m ’U') .A(‘n '“ g 6“') /00 \.00 902 1000

((‘J &t AL
y!
gy \ /4\/
0L

-
(< IR ]
h =y

-
\ Vawid \ A
100 )O\J ’4(,() MD ’S( X 6(}’) /OO 800 S0D ]000
(e) SREEA

) NV A S \/:

100 200 300 400 500 6CO 700 800 00 1000
() WA

AL

() EU RIS 2(2) = (34 0.4cos(4051) + 0. Scos(80:2) )

s cos{1600xt);  (bYEEXHIST-THitiE (o) ERTEETTFeiMd

(A FHFL R ()Bilbent SET-RRH  (DRENST T
RS E GRE R IR LT G Rt Ee o

3 BESHVEAN

!’-f-l?}]-‘-:l“,r ST MY R A L 3
‘t”fuff. ‘J - -:mlnn 5 3e 41 e 1t 1A l(zfmf&fmn
TR 260, AT l\J,'f 2018 Mo MT I

}’i ;."L,JLJ S N (S AT/ e Rk (MR R 51
AL 4 .(ll)\(‘.')\(H)\(O)\(f)bi')lir.’ﬂ.'li.f‘!'ﬁ]'ﬂ,iﬂ?u

L4 FUHEES{E 3 0000 62, 6202,62. 5966.70. 8679,
63.1074.63. 8506, 25 T UE{SFRAE2E 00 512 34. 4912,
°,4 9799.40. 8651.35.6250.34. 8968, IR IFRASE-57

,u CiEP; -2%.‘!' '-112-4’-=i%'%2;-:}z:~:at(9)ﬁi?f=ijfd (1945 93
H JETT L g

| P
1 T R T \‘,:‘
(03 i_‘_k___ T
g bz
(s 3 ;/4") A e 45
" '/.ul f !
« 10[ \ J\ f\ \/
Ch% 998 e NS ‘;__‘,-\,\ AN A
oes 015 03
O] f”"' T A1 v 4
(J'i;- 7)4!/' e \/" /.r. \rwf\‘/\/\\/\’\/‘m,fk
l"-
(e} £ r,;,'—fs,h pegy) ,b
5
(160 ol
PN
(R /4 7L 6 Xeg
(34 "“'x HA oA ,;\
e ﬂwj\A pel
R/ Mol r:ﬁ A\
X )
ltw LTSS p}‘_‘ #
{
: m{ f" \ /\
# wor A
RS platal VA Bonons] /\/\/\\/\ ;
C oo R ey
Glav kT4 L5 20

(a) FAUAY PFEC ARG IS 5 (b)) MR FE T
b O e I S ((l) SRR ()Ml 35T
iyt (Dficd

fJ I'Al'/)

112 S TS TR
4 & W

SEAE B E Yy IO R i 0 A U, /ML’”
TR IR S 2 Hak, BP0 - F 92
ﬁ SRR, FUFh ek X —35 R Ay
AN HATIY 50k,

Z % X pk

1 Petros Muougos, ete . On Amplitude and Frequeney Danodulation
Uking Energy Operater, JEEE Transactions On Signal Processing .
1993,41(4) 1532 1550

Aevwxhos Potanianos, etc . A Camparision of the Energy Operator

N

andl the Hilbert Transform Approach 1o Signal and Speech Ianodu-
lation, Signal Processing 37(1994), 95 -- 120

3 Petros Mamgos, etc . Energy Separation in Signal Modulations with

Application to Speech Analysis, IEEE Transactions on Signal Pro-
cessing . 1693, 41(10) : 3024 - 3051




w2l a4 i o2 % IR Vol. 21 No. 4
2000 4f 74 ACTA AERONAUTICA ET ASTRONAUTICA SINICA July 2000

LELH S :1000-6893(2000)04-0372-04
X BP {22 M 4% 7 BE 5 AL B 3R 5l Y Mz A

LU, R B
(1. M MZ AR AR YL TR, L)X At 210016)
(2. FACHL SR SE SRR, TIOR AT 210008)
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Abstract: A set of morphology descriptors of debris is presented to describe the micro-feature of wear parti-
cles, and the program to auto-identily wear particles by means of artificial neural network (ANN) technique
is compiled. During training the network, the fuzzified-factor based training technique given out in this paper
is used, and the training process is accelerated rapidly. When the network is used to identify the wear parti-

cles, the identifying accuracy is higher than 90%, and the identifying speed is very fast. The method by far

excels the traditional ones.

Key words: double back-propagation neural network; fuzzified-factor; debris identification
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