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Rolling bearing fault prediction method based on
deep learning

Abstract

With the development of China's aviation technology, the successful development of C919 and
the implementation of C929's R&D strategy, the technical performance requirements of all aspects
of aircraft engines are constantly improving. The rolling bearing of an aero-engine has an extremely
important role in the engine rotor system, and therefore, the reliability of the rolling bearing is also
becoming higher and higher. However, the rolling bearings of aero-engines often operate under the
harsh environment of high speed and heavy load, which is prone to various faults and seriously
threatens the reliability and safety of the engine. Therefore, the monitoring of the condition of the
rolling bearing is important, and the prediction of the bearing failure is a necessary means for state
monitoring. In recent years, deep learning has shown great advantages in fault prediction. In this
paper, the convolutional neural network is used to compare the effects of three data processing
methods with the data processing methods of the Western Reserve University, and to find out the
best data processing methods. Finally, the prediction method of rolling bearing fault based on deep
learning is applied to the prediction of aero-engine bearing fault with belt ,. Through the calculation
and analysis of experimental data, the results show that the proposed method for predicting rolling
bearing fault based on deep learning has Good fault identification accuracy, with an average

accuracy of 95%, finds a new solution for the fault prediction of actual aero-engine rolling bearings.

Key Words: Deep learning; Convolution neural network; Rolling bearing; Failure prediction;
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PLERE ], REESA 1IN R ORISR A RE 77, REAR B s A R MR 215 5 2] v JE AR ALE A
SRR RIESA ] H AT 3N A ARV 2 DR . BB A AT B S0 S5 45k L CNIN A
DR PE 2 2T AR 20 BB TR v f — R i Y, A i s N sl A 6 AR 22 1) sl
3.1 B E ML 51

GRMAMSKIEAR LRBMAZ . GRE. Wz, SIERENGEHEH K. HhmA
JE R SE G R M AR, X B A EE — BIEEG. ERZ AL R 4LE A4
PesK BV SR RF L BRI, BRI B 2 MR AERZ, 8 4G AR
TR, EEREESZGERZ LR R IBRAE AT B E 2R, fyth R BR 7 2R,
BEATH . CNN BRI SEAR SR A 3.1 Fro

A ‘w_g ——— \\
g T T Y ||
i 4| i il i i i
Y k! i < | | |

Mz EHE HmiE | £FEE
BEE

3.1 HEIRE M E RLEME

3.1.1 EHE

AN [ 24 7 (1036 R0 2 R P 5 U A (1 B O AT S5 B8 SRR IR
HR SR AR B RIS, BRUZM GBIk, — IG5 R g%
FUBSHCERL, DB BN P2 [\ 0 EUR AR 2 TG (8 o, Bl BT LA BT
SR B (32 SRS B B RS B

y(n) =x(n)*h(n) =" "x(i)h(n i) (3-1)
Hor y(n) FORASAERLE, x(n) FORBAIIIER, h(n) F R B RS
TEHERE L BT, — B2 (SR N B SeR, T L5 — s ALk gk
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-F b AP R X
B EAEMALS WAL (BT AR

I RZ 2 = e B A% 2 AE AR R N 2 o, A 1 e 4R s 2R AR ATk &
PRIONE N BB AR AL A AR 45 B 0 7 2 B TR BEAT A0, Tl W AE R — R e R
PTUER PR AR AMR I 34T 3078 . DAL, ARSI F A i R I o A R B DY 5 R ASRAC
TERRBAHR 7RI, SEReTt 5.

G- BRI S, T EAAR A AR RN F . Bk K(m,n) 4k
R, 13, ) NEAEE, WEERIEE TR
S(Li)=(|*K)G,D==2;2;|UEH)K(P-m,j—n) (3-2)
T EieH B n A iE, (BRSNS N:
S(Lj)=(|*K)0,D==2;2;|G-m,j—n)K(mJ0 (3-3)

Hepm, nfARGPZIKATE KN £ERZET, 75 ELENGHIEFHRAELS
AT WA, AR

X, = f(i%:. X\t *k! bl (3.4)
|
Heh, YRR CYHRTERUD) MHINE | AR, SEURERHATE B f(X)

ﬁﬁ@ﬁ%ﬁﬁsN“ﬁﬁA%%ﬁE,*ﬁ%ﬁ”%ﬁ%nkhﬁ%ﬂ&%ﬂ%ﬁ%oﬁﬁ
FUs BT, 51N —/ME R B b X SR S ], SRR BB R JERFE S
FIREIRERMEE, [AIES 0 AT 7 L0, A2 RHE s BA SR 7T, B i iR A 4 25 1
HER
3.1. 2tk E

LA M 2 b 1Tl = 2 H R XERE AR RRHE B AT PR 4E . T A0 Z AT LRI
CNN THHMEE SR, MRS AEENEE, @] R &, 1 B r ARy ki )
HRIHDL WALERR T TR RAE B 4ERE AL, B BORIEBCERIPERT, el %
T2 1 A HH AR BT AR L . S iR 2 S, R E B B KNS i i ok, (B R EAS
.

oA — 53 A BE WA AN B AT AL B P I8 s o BB A A K it A i 10 1 BT A M R
BIE o EOME AR BUE b R R AT R . AR SOR A I AR 2 s R AL,
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= b A G M
FMEMAAS SR (830 T
oy E RAE AR B 4R S N FE AL E oo, fem 1 8RB B Ik . i E R
AW

x; = f (Bdown(x ") +b;) (3-5)
Heb, xR CHACNBALZ) bz jANRFEE,  down(x) it $, X A4

i RS E b FIp .

WIS R 2x2, BKN 2, mAREMERIEWE 3.2 fix:

A R t2x2
K2 B Kithik
5 3 4 0 5 3 4 0
2 2 0 0 2 2 0 0 5 1
ALA1 ] | ——> L
5 1 2 0 &
5 1 2 0

3.2 RXEMILITE RG]
3.1.3 &ERRE
SR E AL T B AN G — R BB GEG, EEEMH & L —E
HIRF IR PR oy — e &, T EM 2 2. AR TR AW FHR:
y< = f (WX +b%) (3-6)

Hih, KERBEKEMSR, YRREEZENHL, X7 R EOmh, B4

BN, WRRRL, D ORE . () FoRA R, X AR FII 4 2 SO
H #i & H 1 Softmax BRI % .
3.1. 4 BUERH

B AT 2 2% T B N0 R SRE U5 A 2 PN T AR TR, IR T TR RUR
SR AR BT S 8 ) 40 S e S AR TN TR O, B3 7 B [ 40 3K )
W EEGER S, ALUT Uk ZHEE (Sigmoid) ¥, XUHHIEY) (Tanh) BRELA KRS IE
MG (ReLU) %, FHHb Sigmoid iR IE

1
f(x)=
() 1+e”

(3-1
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HFEMEAST

Bt B30 k4t

Tanh pR KA
F=S 8 (3-8)
e¥+e™
RelLU B Rix K.
0 x<0
f(@={1 >0 (3-9)

3.3 J#7 7 Sigmoid. Tanh fil ReLU =il o B i 28 1% .

T T
Sigmoid i $
RelLU ¥ %
4o Tanh i

5] 3.3 =HhiEE R B &

H UG AT AE . = Fm s 50, Sigmoid bR BN 20 VRN, 8 A B A N 328 25 AL A 5 R 1
Hans, RS T%F, BN, AR TEUERER, 1Xa SO0 RIINZRm R .
Tanh BRZ0RT Sigmoid B % 2R TEARIRARAL,  [FIES 7] A HURSIGE FE 47T Sigmoid #i%, {HIF]
B, FEALFA N B AR AR JE S BRI, 5 Sigmoid BRI i R A I AL, AH RS AT PR R
., ReLU BREU SRR AME AT LI AR X 2% (R I SR 2, [R] IR 30 3 46 1 A 799 R 50 D5 A\
A0 I RN H BB ST 2R R . BRI, ASSCR A ReLU bR SR Dy g T A 25 ) 8500 Ry
.

3.1.5 Softmax [B]J7
Softmax [alH—BRAEEREZE G, (ERMIE, e =G, 4 —
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Bt B30 k4t

R FTIAREAR N FA L HI M B 7] =

W R R A H AR — D — 4 Ey;, F2d Softmax [aIHALE S -

ol

Zj:ev; (3-10)

Softmax AbH A5 FIMEAR 73 A1, AT LI I 451 2K oR H0dE — 2045 SRR SR 1) 5 S22 A Y
WA TR AR o SXAE N 53— RS AL 73 98 e JT RO 3R
3.1.6 MKEH

PR R B AT AR B, B R — DR SRR . EIR A, N A MR
PRBUOR AR ATEAE R 70 S8 RE T o X A8 I LA 2R BRI, SR EL B 0 M I e B I AE A
SRR

(1) 0-1 #i%<p%%k (0-1 Loss Function)

e R 5T DA W ) Fe USRS o0 1 iR

Soft max(y,) =

0 ify="1(x,0) _

1 iy f(x0) I(y = f(x,0)) (3-11)

L(y, f(x,6)) ={

Horp 1 () Ronfas iR

BAR 0-1 BRIV B B GF IR, (HER f 2 ECH AR R I AN IESE H 215
0, MECALAk . Bt DURMER AT CNN AL A
(2) “Fr#ik k% (Quadratic Loss Function)

Wb e e H AR TR ARSE y S BUE IS5

L(y, £ 0) =2 (y = £ (40))° (3-12)

XHEATIE M, HRRNE S SEBMEZE 7, BFTbh—BANE T 28 ) .
(3) 25 X f5# 2% sk % (Cross-Entropy Loss Function)
H— & & HAES RS, AXaF:
L(y{,yi)z—Zy{log(yi) (3-13)

Forpy! ORI o3 AT, Y FORAFEAR Y SIS B IRE S .y, RN E LA,
AT DU A8 SO RES AR 4 1R AA T 55 S S22 R (B o 3K B DA SR AT A ok s i
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HEAEMEAY
Softmax i+ 545N H]
3.2 HIRME ML EPEFTUNRFZ

AT BRI A M B RE . AR AERE . WG R AL Softmax [B1JH PR R
BREE T — A AR T E R W2 1) s TR AT A 2H . R A @R 3)
S R TOLOASE TR AN S b O CEMEAED IEAT AR
3. 2.1 IRENGHAPE AR EY

AR EIERME MG AT 4 MERE, 4 MOLEM 1 M2EREZE . FINEB KN
N150 x 150 x 3, HAFImASHRREE R, B SHAERBRGGEROKER . R
(12 e RAEIBAL, WOE R ECN ReLU, fitE K/ batchsize=128, i&ALk%k k=50. CNN A1 4h
PN pE 3.4 firs:

Bt B30 k4t

128@5x5 128@2x2
P 128@5X5 128,@2)(2 . > :
0\ 2056 32022 64@55 64022 0 o
b e e\
:\\\ E ® |9 (950
\ o (@ !

o \\ o |: _;: * (948
o \ % op [+ %48
o :b o % o
: 9 — .. —

O, — ol

0. @ &
® -|* . (e
. . @ N Flatien  softmax
Input - [

& —| o

& 3.4 EFHEZ MK LEHIE]
HZHun#k 3.1 fir:
< 3.1CNN =& S
E4FK Cl P1 c2 P2 C3 P3 C4 P4 F

G 5x5 2x2 5x5 2x2 5x5 2x2 5x5 2x2 1x1

i 32 32 64 64 128 128 128 128 512

—RBEE BB RN N 2x2, 3x3. 4x4. 5x5. ..., 10x10, MF 3.1 FA[LLFE
BIAR SRR Z 6 FUZ K /N F 1 55 o 3 BLIE T X LU AN A 35 R X CNIN AR ) )1 54 152
R BAT T Wi, oiras RAERE 3.5 et
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0.8

IIZRE R /%

0.6

04 r

0.2

4 9 16 25 36 49 64 81 100
BN

3.5 ERZRA/NHIFIN

Hi P&l 3.5 AR 45 SR A3 3, A I 2R DR AR B 5 5 BRI 3 KT P AIG, BB RUZ O 55 I,
HRRIA B RAR 0.21, B HUZK/INEIT 5x5 4k S s, BEAL N 245 R 3G n . BrA,
WICH) CNN ARG R BRI KN R 5x5 .
3. 2. 2 R BN MR BETIUNRAE

TR BN AR W T AT PR R

1).38 FH 0 ik 52 A SR SRR B Al AR AL T AN RIS R IR 30 (5 5

2).7E Matlab JR5E T, 43 BISR AR R . Dus i oy B9 . /INBR Hedofe R B IR0 5 5
REFEOFERE L PUg RIS NBRE, Dy CNN AR B il i 46

3). Kt 58 0 b G () B B P UG A AR R 8:2 1 LU B 43 U e AR B A5 MR AR 4

) WG NGFEASER N CNN B S, BALEE AW %3], AT M S48, DLk 25
HER 1 73 28485

5). AR ALY ZR 56 5 » HEMINERE A SRR % A R 22556 RIS A, i H k2t 2R
E IR B b AR B T

3.6 R 3.7 45t 1 BT A 0H 48 10X 2% 1) VR 5 il 7 OB S0 U REAE TR CNIN P 4403
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Kl 3.6 1 O MMAEDEHITINTG: OLQFE, OFRRBEMIILG, @FpNERNIR.

WIgrE e
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B REK —|  JIEEFRICNNEEL
Y Y
_»| ERE: Hiz8 EIOE: EREE
IREUSE TRESME
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MR s LR 45iTess
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FLE FT CNN HIRBhHAHPE T
4.1 FT = EUHET i K R SR R R sh il &S FiUn)
A S B Sk 1 25 [H PE 4 K °F bearing data center P3G H2 fiE iR St & B . HhadE IE
R AR R A S R R B . SRR B W] 4.1 FTR

4.1 BERFHWASILINTE

HE 4.1 fos, SEIRE RS IRENL CEMD, HHEARE ChiaD, DhEid D
DA AH 2 B 4z Bt (B BoRbm D AL 31X B2 5eh N TN T (A 43 it /0l A _Fin T B i e
B, RAT BV RSRESE, WA T EAR M8 7 % 14 % H, 21 % H (1 % H=0.254
ZAK) . HIKR S SKF6205. SZirh, eItk 2z b /e Ll b, ok B A% JEk s 2 e i AL
e b R AR Eh ori FH XU o, B AR IR IR VR IR S5 5, IF HAE Matlab kA7 AL 2
B (55 HRPER 12kHz, BREN5RFEAIR 48KHzZ.

H T8 FH Pl XA N, DR AR SOk 3348 IR B ol R R 305 5, b s Ik
RIS R . I R 10 FiOIRES, 23 BN IR ARSI M N T B AN 7 B H, 14 %
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XL, X B IEHEE I 960 MEAS, HARIIEEMUIRZAS MR 7 i 240 MEA, JL4]
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