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Rolling bearing collaborative fault diagnosis technology for

casing vibration signal
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Abstract: A cooperative diagnosis technique for rolling bearing faults was proposed for
aero-engine rolling bearing fault diagnosis based on casing measuring point signal. Firstly,
the minimum entropy deconvolution was used to eliminate the influence of the signal trans-
mission path and enhance the impulsive component in the signal. Then, the resonance band
was extracted by applying wavelet transform. Finally, the non-periodic signal components in
the resonance band were suppressed by using autocorrelation analysis while the signal-to-
noise ratio was further improved. Two bearing tests were carried out respectively on the arti-
ficial fault bearing and the real fault bearing on the rotor tester with casing. Test results
showed that compared with other typical methods, the spectrum peaks corresponding to the
fault characteristic frequencies in the envelope spectrum obtained by the proposed cooperative

diagnosis method were more clear and obvious.

12017-06-29
(51675263)
(1993—), s

) ; . . [Jl. ,2018,33(10) : 2376-2384.
LIN Tong,CHEN Guo, TENG Chunyu,et al. Rolling bearing collaborative fault diagnosis technology for casing vibration
signal[ ] . Journal of Aerospace Power,2018,33(10):2376-2384.



10

2377

Key words:

(3]

o

4/5,

o

convolution, MED)

. Endo
H
MED
[10]
’
. [11]
’
sLi ov

(back propagation)

collaborative diagnosis; rolling bearing; casing signal; feature extraction;

minimum entropy deconvolution; wavelet transform; autocorrelation analysis

[1-2]

[4-5]

L) (minimum entropy de-

Randall-™

MED

MED

[8-10]
b

“l, MED

MED

[12]

; Peng

SVM
[17]

[16]

[13]

BP

[18]
. (197
Su [
. [21]
MED s
. ,MED
0 MED,
1
L1
Hm), x (1),
2(1)
2(i) = Hm) K x(i) (D
® ° ’ Z(Z)
HGn), x(i), o
2(1), H(m)
x(1)9 °
x (1)
s ] Z(T)
L gD, y()

L
vG) = DgD=G—D ~prG—1) (2)
i=1

ﬂ T ’

o

o (227, gD



2378

33

N N b 6) m<my, E<T,,
OLg(D] = Eyk(j)/{zyz(j)} 3 .
j=1 j=1 ’ ’
N ,k , 7) Z(i)’ (2)
k=4, s v(j) x (1)
A0 [g(D]/ag() =0 (4) L2
(2), Mallat (23]
Iy(j)/dg(D) = =(j—D (5) x (1), x(n) ,n=
(3)‘ (5) (4)’ 1’27"'9N9 ]:O C()(n):l‘(n)?
N
Sy (G — D o0 ;
S - JC,-H(n) = ;H(k—Zn)cj(/e)
PR : (11)
=i ld,ﬂ(m — Gk —2m)¢, (b
N }) N ke Z
220G 5 252y (DG =D Hk) G ,
j=1 ji=1 _
2 =0 (& $(x)
! co
$(x) = D) HUR$(2x — k) (12)
N k=—co
200G
i=1 k=1 (- . _
Nizy (])Z(]—l)— 1 T
by H(k) = <*¢ o 7¢(x—/e)> (13)
;y J «/? ( )
L N “<>” o ,
Dlep DG —D=G—p) <)
(7)””1 o o) = D) GURI$(2x — k) (14)
’ h=—co
b= Ac (8)
b= (b by, )T L . G(k) = (— 1D*h (1 — k) (15)
x(n) 1,2,0,) .
Jb/az_}/l(])Z(]Z) dlde""adj Cjros
j=1
(9
la=2y2<;‘>/2yk<i> L3
i=1 j=1
c:(CI,CZ".'QC/)T L ) Cc, —
g(D:A  LXL : ay . () T
N 1‘([+T>9
ap, = » =G — Dz — p) (10) T
! Z R. () = lim %J 2(DaG+ode (16)
MED e 0
i) Minax s
1 N—+F
Tus R, (k) = 5 D3 ali+k) an
2) A, . . o
¢ =1(0,1,0,+,00"; , N "
’ b 7
3) 2. 2 (i) ‘ (
c™ ¥y om ;
0 9y  poh, ot — R = [ @2(=D]  (8)
A*lb(nﬂrl) c(m*l);
5) (3) O (™) O (e )y, 1
E:\()k(c(”"1))*(,),1(6(”1))\; R, (k) :NIDFT[X(][)'X (f)] QD)



10

2379
Tnpr C ) ’X(f) (D
XUy X ;. Hilbert
o (19 , (FFT)
2
3
31
’ R 2 ’ ’
, d, D, 1/3;
Z, as frs , ’
fis for
o
1 d
/i 7Z<1+5co<a>fr
_1l,n_4d
fo= G Z(1 peose)f. (20)
- D — fi ’ 2 -
S Zdz[l <D>cosanr
) 1 . s
; , db8
5 ’
1 2
Fig. 1 Flow chart of collaborative diagnosis method Fig. 2 Aero-engine rotor tester



2380

0_2_0 ) 1) ’ N A}

3.2
6206 ,

Table 1 Geometric dimensions of rolling bearing 1

/mm /mm /mm

wl
©

6206 46 16 9. ¢

4

Fig. 4 Comparison of inner ring fault results

3

Fig. 3 Rolling bearings after fault processing

33
1500 r/min 2 000 r/min
, 2 o
5
) Fig. 5 Comparison of outer ring fault results
3 , 2 ,
NI USB9234
, B&.K 4805,
10. 24 kHz, 8192,
2 ( 1)
Table 2 Test scheme (test 1)
/(r/min)
1 1500 N N
2 2000
34
D 6

15001/ min , A~ 7 Fig. 6 Comparison of ball fault results



2381

10
8(d) 9 s
, 1 \2
7
Fig. 7 Comparison of normal condition results
«
5),
o « 6),
2 tel,
o « 7,
2)
, 8 2000 r/min
, C 8Wd» 3
: @ +
’ @ + ’ @
+ o s 9 8
o Fig. 8 Envelope spectra comparison of different methods
8(a) , MED
, MED
8(b) ,
MED 9
’ 3 Fig. 9 Envelope spectrum of bearing housing signal
8(C) ’
1
¢ 8¢d» MED, ’



2382 33

) , 12 o
° 3 2
41 Table 3 Geometric dimensions of rolling bearing 2
’ /mm /mm /mm
° 6206 46 16 9.7 9
ABLT-1A ,
10 s N N
o 4
9
) s 11 o
12

Fig. 12 Bearing with initial spalling in inner raceway

4, 2
(
2) 1
s o 4 o
4 ( 2)
10 ABLT-1A Table 4 Test scheme (test 2)
Fig. 10 ABLT-1A accelerated bearing life test rig /(t/min)
1 1500 N N
2 2000 N N
3 3000
4 3
D
13 1500r/min
, C 130d)) 3
: @ +
11 ABLT-1A NO) + NE)
Fig. 11 Loading sketch map of ABLT-1A test rig 4 14
6206 s 3 o
. , 13(a)
5000 r/min, 4 kN; 2h 13(h)
R 8000 r/ min, SkN; ,
2h 12 000 r/min, ;5 13(0)
10kN, N 10 s
kIN( 5kN ), s MED

12000 r/min, 91h , s



10

2383

Fig. 13 Envelope spectra comparison of different methods
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