o537 &4 12 1)
2024 4E 12 H

k o T

Journal of Vibration Engineering

% R Vol. 37 No. 12

Dec. 2024

L AR BB R IR B0 5 AR PR TAS 15 S 12 BT 77 7%

K= 5,

w, R &, WEH®, 4 A

(R BIHE TR TR, = md BB 650500)

TEE s BTN IR B 15 B S D) L5 T 1) TR B il 7R IG5 12 U R Y 7 T A, 4 41 T — i R 1 O Al AR ASERL 11 R Bl A R
R W3k (6] 71 380 % (instantaneous angular speed , TAS) {5512 Wi Jy vk o SR I 0 1 22 7006 Ak 31 3R MUTAS 15 55 26 T A f it
T+ E A G o3 A U Ak AR BERY AR A B AR 5C 0 BE f5e K 5 I A s O BT IR p 9T #E AT AR T00 50 BR TAS {5 5 v iy J 31 45
i, AR R AR R AR B I AR AR A3 5 X R AR S T A Ak B AT 25 MY R () A O £ 4 4 RN R
fiE o 38 2o 4 LA 5 98 0 A R ECHE 30 TR 1 T4 5 1 A O iR X L A A A 2R R 5 I B TR A R S i s
T AF B2 456 B U T I T AR G, TR T I T B ROR A R

KB IS RS UK s ARBIEL; A AT TAS {55

mE4S%ES: THI65 .3; TH133.33 X kRS : A
DOI:10.16385/].cnki.issn.1004-4523.2024.12.016

51

[l

H BT B AR SR B 2 W ki £ R
2R T IR NGS5, Bl a0, P 3% I B2 (Fast Kurto-
gram, FK) 70 #7705 T4k 2 15 5 % & sh il R ifF
A7 W B2 T I, MR 1/3-— SR 0 O 7% 20 07 =W E
A 30 Y8 U A O BT B, AR AT B A i AR AT
TEAT G 285 fif ] BF B4 BT A 43 oy 15 e R) S AS i AR
SR AR R T AR ll BT 220G 3 1% 2 AR v 2R
VR SNl RO AR E SO . FE— 2 T 0 AT ek LA
AR B PR B AL AR N AR KA L 2 B
B Tl ML NG5 8 ié#% 2% it (rotate vector, RV)
U A 3 G VR Bl Al R R 2 R Ay TR A R
W58 2 Wik 42 .

AL F I S AL SR, g 5 28 30 0 B T IR R
BLHp, JC 5 0 A1 22 208 M R e o RS 3R, o 4 A%
i oK S ARAT B AR 5 1B TR A B s A 2 B (instanta-
neous angular speed, IAS) G5 5% T3 S Hi%
&, BA G i T3 08, o BL7E g
fith i 2 B0 /0 1 00 T U BB A% 2 - M Sz WL VR B il K e
WS B . AR T TAS AR S R AR 2 A
1 VR 2l Bl R e B A D0 e R A2 B T N A 2 L S
FHI R, B, MOUSTAFA % BF 5% 7 k& T
BN T TAS 55 M Bl s RO i Al i, (HILE R
f] BLUG IR T TAS 15 5 %R 3l il R il e A6z i 1) A 4%

55 B H#A: 2022-10-28; 1&1T B #A: 2022-12-24

X EHS: 1004-4523(2024)12-2141-07

PR, IF AR L AT 1A 56 45 J S 0 6 X fe 4 435 SR
TUME S T2 52 1 52 )

H 8] 19 (autoregressive, AR ) A —Fh ] F
PRI {55 PR 43 ok 1Y o AR Mk T A AR, G
CHETE T 78 AR AL 1Y S A0 0 Bk p, BT KRR B
PR 52 245 5 0 R 40, R B 5 5% Ay 5
r L) R A TR I T e O B UK p 3R DL IR A
S YE W ( Akaike information criterion, AIC)™ g
Tz 1% 22 1 ) (final prediction error criterion, FPE)
A 31 U R AT 3 B, Lk 4 o DS R R R
B AR v LR A M, L (] — o ) A
FIE TR AR o A, BRI R X il 6 o o Uk
AL B T AR SRS S0 B oK) 548 bR o 9 A0, SCHER
(5] DA B 5 K5t ) e AR SE AU S5 DL B IR p o 1
B BE R E S PR T2 . (BINERRR S
2 Bl LI 7S B T, 5 B0 AR B F50 0 B E DL B HR
A B IR p o AT 52 M) B 26 il s Az 00 235 B g ) 0B
F1 #H ¢ B X (autocorrelation function, ACF)* HA7 K
LI BRI RE , O 12 I TR Sl R R 2
o B 2 O BT I R A T By FAR G o B v R
O INE 25 By SR, TR T A A T 8 R DG 43 B A
AR TIREE ST . I3 —Jr i, 5 V& 2 il R il
X ;4 3l i A [m] L VR Sl R 5 VR TR 5 Ak 4 i
ik I B e A AR Al 7 A 1 /S TAS U 20 43 ik 8 X LA
R A AL R X TAS A5 5 FKOE LR 31 45 3
B4 figp R AT 56 TR B il R B R 2 Wy . (B O R

HEETH: MEARBAEERIIT A (52165067) ; = 7 4 B 18I 5 k% 151 (202002AC080001) .



2142 & 3 T

S 9037 &

B, 00 Ak A 3RS A5 5 T A A ST 1 B R
iR T I o A B R
Ui

R T SR BN AR RS N 5 % by A R Bl
W2 W, A SCES G TAS RS R 4 i T — Rl T
oAk AR AR 1) VR 3h Bl R BB TAS 15 5 2 W ik .
i 7 LA A RS S B UE T R T A
B

1 EFEEN

1.1 HEEREF[ESHIASIHE

WA ELAN A 20 M A, 3 1w s e

A WU A i M b T ST B X B A £ B 22 A,
Ivi] Bt ol P T 92 %o AR 408 2 i Jk w22 i) %) st 1) ] e Az,
HEFTRAE R AT 22 5005 AT TAS, /T3R8

AG, Af
i — 1 :?t
K TAS Eow 0 Z0%F R (9 TAS {8 5 Az b A%
28 s i K b 22 TR0 A4 R[] 100 B 5 AO, kg 40 55 25 AH <05 ' i
] B A1 B3 o 220 W G B 2% 3 1R 22, A0 =00 =2x/
M, M 2 Jie i 2 A 25 S A 26 20 1o 50

1.2 BHEXEHSMHEITHENER
TIAS(n) , H B H&it

IAS =

(1)

S T T IR 6 £
BA R K

JIAS(n+t) (2)

z IAS(n

Arp fjilﬁ'f@r,R (T)%:zﬂ“%ﬁ'ﬂﬁ] It G AR S
5IFEIRAE S AR R, R, (o) {58 K, A1 {72
T

A5 A A7 TR TG D A 2 A G R ALY 322 AL T
I WA EHUE S 50 R a2, (n) Fl 2, (), W PR A
B AR S R A T R TR A T AT 4 2R

R 1\’717\,/,
Ry(m)=— > z.(n)x,(ntm) (3)
N n=20
R 1 N—1—|m]|
R, (m)= (), (n+m) (4)
_‘m‘ n=0
X m=—(N—1),—(N—2),-,0, ,N—2,
N—1,

FRH S 20 A B 92 I8 T R B Al R SRR 2 W
{H 22 500 56T T A A 31 B B AR o BT, SR i A% SR AR
RAE G5 5 32 50 e 7 B T 98, AR LG T J0 i A 315
WA AT A A OC BT R BT AR ) R A
I A7 5 R A D 3 AR 5 23 A X AR R R R AT 4
feab 2

1.3 AREITEHEXKILARER

AR R VR By fl R B A I bR R BR
JEVI P 1 4, 20 T 38 58 B AL A 5 IR sl R SRR A
B WK N EIE V1G5 75 IAS(n) , ]
BT ARBEA B F A B AT R

za
X h e(n)%:z/j?AR’f‘i‘:ﬂTﬁE%lﬁE’J@%%%%;a(i)
oA R p i ARBERIA B8, AE X E 5 i

L PE T B, AR BERY Y IR p (1 BUE 23 3 ”l’]ﬂai?}
4 T PR A ] o A TE 1 p (R Bk
ARSI SR . AR SO T A T B R DG 43 B x
AR BRI GEAT AL, IF DABR 2215 % A A8 OC I B {8 &
KAL R VEM 468 bR i 2 AR BRI S A B IR po HOR
FEE 1R

e(n)=1IAS(n VIAS(n— 1) (5)

BiR ]

BB AREAI$ip,
JE R 1~100

!

. AR(p)TI, TR

IASfEE ]

=

p=ptl

iy ARBERI K

g5R

P ARBETY SN B v 04 1 7
Fig.1 Determination of the prediction order of the AR model
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Fig.2 Rolling bearings fault diagnosis process
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Fig.3 Simulated encoder signals
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Instantaneous angular speed signal based rolling bearing fault diagnosis
method by optimized AR model

ZHU Yun-gui, GUO Yu, CHEN Xin, YANG Xin-min, ZOU Xiang
(Faculty of Mechanical and Electrical Engineering, Kunming University of Science and Technology, Kunming 650500, China)

Abstract: To address the issue of carrying rolling element bearing (REB) fault diagnosis where the conventional vibration sensor is
difficult to install, an instantaneous angular speed (IAS) signal based REB fault diagnosis method by optimized AR model is pro-
posed. The forward differential method is used to calculate and estimate the instantaneous angular speed signal. Then, the biased
estimation autocorrelation analysis is used to determine the optimal order p by the maximum autocorrelation kurtosis. Periodic com-
ponents in the IAS signal are removed by AR prediction, and the residual components containing rich bearing fault information are
remained. The residual components are pre-whitened to equalize the importance of each band and to extract fault characteristics
from the envelope. Simulation signal and outer ring data from a test rig validate the effectiveness of the proposed method. The ex-
perimental comparative analysis results show that the calculation efficiency is improved significantly when compared to the existing

method of fast spectral steepness combined with order analysis based on vibration signal.
Key words: fault diagnosis; rolling bearing; AR model;biased estimation; IAS signal
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