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5= - &
’ Ehetj'
a=0(1- o) (t- o) (] ), (5)
8= - Fslnet) 2, W i (] ). (6)
k
1 CE CCE
Table 1 M orphology D escr iptor of Debris , “ "
Itens Parameters Definition CE CCE
Size AreaA A= !Uj‘x' dy orA=H (0). 0, )
Equivalent diameter D D= J 4. AT ! « n ! !
(A v e CE 0 CCE 0,
Long axial length a ln 1y
L ong axial length b | 4| A 138
b= [ mo e : 0( no; CE CCE
g I nare second 0, ,
order momentum.
Shape Roundness Rd Rd= P2/4TA. ' ' '
Peisparaneter of aparticle ) X n
A ect ratio Rt Ri= a/b n= n+ No= oo+ o D 0b ,
Concavity Cv Cv=L/Z Z istheminimum n o 2
parimeter of particle area
Structure Hole ratio E" E"= n(0)/n(1),n(0) isthe ’
number of w hite spots n(1) is 5 10
the number of black gots
Gray M ean Gm variance Gv In particle area, calculating BP
in tem s of statistic frequency.
Edge Structure round H(r)=s@A- B)= )
2
function expanded at H'(O)r+H" (O)JZ_+ ) )
zero H (r) )
Parameter Pe P=H' (0). , BP
Edge turn degreeAn An=H"= ZZtgw, BP A B BP ! A
k=1 , B ’
I I
[' PR 2J ' A B
Fractal Gray texture Fgt Fgt= 1- Dg1, Dgi is the line B A ,
of best fit from the plot A
of log nomalised parameter vs !
log large step length, B )
Gray structure Fgs Fgs= 1- D g2, B , ,
log nomalised parameter 2
vs log large step length, '
Edge details Fpt Fpt= 1- Dp1, similar to above, '
Edge structure Fps  Fps= 1- Dp2, similar to above BP
3 =, W) (1) 1 2
C) el
Wity =W i)+ Mo+ o« Wi (1). (7)
:n , ! (2) 2 BP A B A

,BP
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Table 2 Fuzzy valueof 1 (left) and o (right)

CE.CCE >0 >0 =0 <0 <0 CE.CCE >0 >0 =0 <0 <0
>0 - Q15 - Q15 - Q10 - Q10 - Q10 >0 00 - Q20 - Q10 Q 00 Q 00 Q 00
>0 - Q15 - Q05 Q 00 Q 00 - Q10 >Q 00 - Q10 Q 00 Q 10 Q 00 Q 00
=0 - Q05 Q 10 Q 15 Q 10 - Q05 =0Q 00 Q 00 Q 10 Q 20 Q 10 Q 00
<0 - Q15 0 - Q10 - Q05 - Q15 < Q 00 Q 00 Q 00 Q 10 Q 00 - Q10
<0 - Q10 - Q10 - Q05 - Q15 - Q15 <0 00 Q 00 Q 00 Q 00 - Q10 - Q20

) B Q 99,
Qo1 5h, Q 13
(3) A. 17-24-4 (5) 1
, ( ) 17 17 , A B , <
( 10,
4
); 4 A A B ) A ;
6 ( 295 ) 4 o1, , O4 TH( Q7),
, , A ( 210 am=max{o, , m}=TH.,m [1,4],

) Q 99 B m ;7 m<TH,

( 8 ) Q 01 A 4 B 2,

100M Hz 16M 4h, B, A ., o=TH,n [1,2],

Q 02 n ., 7 < TH,
(4) B. 28-33-2 , max{ am, on}

, 28 A B ,

A [} 4 4 A B y 6 O1, , Oe,
2 TH, am=max{o, , }=TH, m
20 ;2 B [1, 6], m ; o< TH,

1 y Om
3 BP «C )
(3) : 6 295 I 2
1 B
3 A B
Table 3 Identifying results of the testing set with networksA and B
. Testing set 1 Testing set 2
Type of particles - } . . . e
Right Error out Error in U ndistinguishable Right Error out Error in U ndistinguishable
M ild rubbing 1 00 Q 00 Q 00 Q 00 Q 93 Q 07 Q 03 Q 00
Serious rubbing Q 90 Q 10 Q 10 Q 00 Q 80 Q 15 Q 16 Q 05
Cutting Q 95 Q 05 Q 00 Q 00 Q 90 Q 05 Q 00 Q 05
Spalling Q 90 Q 10 Q 10 Q 00 Q 80 Q 13 Q 20 Q 07
L ayer-like 1 00 Q 00 Q 05 Q 00 Q 93 Q 07 Q 07 Q 00
Ball-like 1 00 Q 00 Q 00 Q 00 Q 93 Q 07 Q 13 Q 00
1, ; 2 , 2 1,
90% [3] ,
13 ” , , 1
1 2
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Application of Fuzzif ied-factor Based BP-network
N W ear Debris Identif ication

WU Zhen-feng’, ZUO Hong-fu', L U Hong-xing', YAN G Zhong®
(1 Department o M echanical Engineering, N anjing U niversity o A eronautics and A stronautics, N anjing 210016, China;
2 N anjing Institute of Electric Pover, N anjing 210008, China)

Abstract: The program of auto-identification of w ear particles has been made by means of artificial neural
nework (ANN) technique,w ith which a set of morphology descriptors of wear debris are cited to describe
the micro-features of wear particles During training of the network, the fuzzified-factor based training
technique is used, and the training process is accelerated rapidly. Taking the exclusive or problen (XOR
problem) as an exanple, the training eed increases by five to ten times The network has an identifying
accuracy higher than 90% and is effective in identifying variousw ear particles

Key words back-propagation neural network; fuzzified-factor; debris identification; lubricating oil ingection



