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Research on the tooth surface spalling diagnosis method of sun gear based on
instantaneous angle signal accuracy estimation

Zou Xiang Guo Yu

(Faculty of Mechanical and Electrical Engineering, Kunming University of Science and Technology, Kunming 650500, China)

Abstract; The estimation accuracy of the instantaneous angular speed (TAS) signal is easily affected by the encoder’ s error, which
affects its fault detection results. Because of such problems, a local polynomial differential estimation method was proposed to estimate
the IAS signal. First, the local polynomial differential was used to suppress the sawtooth noise generated by the encoder subdivision
errors and the signal discontinuity caused by the estimation errors, so high-precision acquisition of the IAS signal was achieved, and
finally, the accurately estimated IAS signal was used to extract the sun gear fault characteristics by local synchronous fitting technique.
Through experiments and simulations, it is shown that the local polynomial differential estimation proposed in this paper can effectively
suppress the TAS signal noise caused by encoder errors, improve the signal to noise ratio of the IAS signal, and combine local
synchronous fitting to effectively extract the features of the sun gear tooth surface spalling fault.

Keywords: fault detection; epicyclic gear transmission; instantaneous angle signal; polynomial differential estimation; high order

Hermite interpolation; local synchronous fitting
9 TAS {55 ™ A I AU R 5 T BT TAS D5 ik A

FHIE LTI AR BRI S S A S A B
2, GHOLT 1AS 15 5 MBS A T3

0 3l

[l

5T w1 2% A5 S b B AR AR 09 bR B R
(instantaneous angular speed , IAS) {5 5 W4T 2 N F 1% 044
ARG 7 TR 9 S A A 22 3 )32 ST ARG s
23 TAS AF 5 A TR B 52 W), Q0] R AT 5 K BE 1Y TAS
R o LB RN AL SR I AP IR 2 — .
T i A ] i B M A 2 O i 2 IR R, 23 A I B A T34

Wi H . 2022-11-25  Received Date: 2022-11-25

FET IR A5 5 19 TAS TH3 J7 ik 2 22 40 i [R]
W O T PORAEAE N S5 A R AR R TR A B LA
P RHA S FEER T RESATAE . A S X T 2R 4
BRI D A B 22 50 Bk R T 2 i )R Ak 1
TAS 55 M F LD AR o B LA 3, & 5
FOTE TS IAS (E 5 AR EZP . Bonnardot 25 4347

w FEATH B K HRBLE R4 (52165067) = 4 55 SURNH TR H (202002AC080001 ) %% Bl



- 108 - LSRR R e o

937

TR aT A TR B A b ROV, 51 T AR U B
AN it 205 S AT A3 ; Zhao 250 F ] Savitzky-
Golay JEWE AT M VLR AESAT 1Y M A7 B 7 5 AT 055Kk
BUIAS 75, BARGE—EREE LU T 5 5 AN 221 W)
B AE R 220 T AN AR 22 P AR Ak T IS TSR A7 A
IYMERE . Feng S T BLBEHUIK M55 B R A
A ] R TBUAB 4 A 38 Y TAS 155 354 s B Il R X Ay
HHR 22 M 2% [ iR 22 0647 % 18 ; André 27 ] sine
PRVESGUT DA 2 0 7 4 (PR 8 iy, A8 10 T A v, L [R]
U 2 0 i 272 58 2 S5 S (1) 5 T 50 5 S o M A 22 4
Yt 2R (PR 2EHLERA TAS 15 5T i f9 1% 22 [ e 47 T BF
9% R T RN 22 it e B HERE I 5 1ES T
AT T XTI, FRTER IAS (B9 e M b B s TR 5 0y
e H AR R OE o B2 At 2 3 8 415 5 5435 Diamond
ARV T —Fh F R ERA R A AT R A LA 2 05
SRR 3T A7 | Al D1 o307 [0 15 J5 3R AR A 1 1% £ 1)
FasoPliR2E AR HE, BRIR IAS 15 SR A7 B Br
RREZMNMERZE L L, M2 T ity 3 BikE
AIRZIN

Yifiddn A AR o1k 25, L RIR2E S FHIAS 17
TAEME L TR B 2 SR RRAEAE S, DR, TH BRI
TRZENT R TAS {555 MR 1L, P e ek ) ME R PE S
R T O AU hR 22 45 32 2 I i A JE 6 E
A SCERUEAT T RFSEN H AT EE A AR 224 1AS A3t
A R R B A8 /b, BRI AR S 3 B X Al 43 15R 22 A
THRZEN R FEAT I, T E R0 de Sy T R A
THAHIR AR & BT 20 43 22 5 300 45 O R 9T 32
FHF- 35 08 AT ) 5 X0 2 e P o 2 AR (i
11 1AS 5% , (HAR X A iR 2 35T, S 8UF 5 A7 AE
BT el

L5 ETIR  XTA A3 25 FAG 15 25 [ B 4 40 o) )
FTF 1AS 175 WB A I SEPR i S, RS HP it iy
IAS 55 B TR 2Z g S 28 YO Al iR 22, R T
— M5 B Hermite 37 (B 14 22 500X B0 A 1 F 7 i 9 461
iR ZE AN 43158 25, AR BT RS BE 3= 1Y TAS 75, I
S A 3 SR R I A UL R AR X A B i I ) 4 - A T R
B, S8 5 B0 IE T ArE 5 s O AT R

1 WHEHEGE [AS ME i

1.1 EEXAZHRBIBESKN

5 0 FH 4 A 2% Dy 34 e SO 5 2%, i 2 ¢
% T B o, 5 PRSI SREERS AR A B I AHHL R
k55 . X T T BRIt s TR, @ &
BOITEES =A A 1o Rk el 0 SRR g 2 Ik i
BRSPS B (TR B BV BB [ R (1 1

@iy @@, FURINIE ) 25 FI A B MK b (55
R _E T RS B T 4R o SRR R MR AR iU R AR e A
T2 BB T AN 5, AT AR A A AR AR B ) s R
BT 1AST

——A#M ——-BH o ISR
Z "11. VJ,]
a b Il T L L1 |
Bopq Il G T ]
LA UL AR AU Y
0 0.5 1.0 1.5 2.0
i [8]/ms

1 il s o
Fig. 1 Encoder signal theory

ST RIS ERAE 5 O R A S A S B i 3 G A
{5 S AE IS T i B | A B k7 8 75 DO 3 A8 b S 3
PR TAS 1935 3l , PP IRORE 7 7E 1AS U 30 v i s e
15 BAFIE
1.2 Tk 1AS AR

308 3 T R A AT Y A 2 2k s ], A R X6 e () sk
TP SR AR A TAS {55, 0 W S i T B ik iy 22
4% AR, TAS 1] g0,
e, ~ .1 Ap 2
A, - ATL - MqAt, (D
Ko, HIAS; @, FFANE ; Ar, JgAHSR 525 ik v (1) Bsf
(] ] B8 5 Aqp iy SRy s AH &0 A 2k 1) £ B 1) B s M oA S )
AEAL; q T BRI R BT, 4 S ¢ mEE T
DI S gt a8 o PR A R Bt 2 5 Ao 25, Y ¢ B4
I A AFFEIE 38R 2%, PRI A Rk 1F 58 5% 25 1) T3, A
8 AN FH AR 5 B TR R T R, 5 g B2, Bk
TED ny WIFIXIE (a,b) WEA m+1 B S50, X gt 25 1
B G ST R R, AT .

’ n

¢, o, @ )
:W + T (t, = t,) +2! (t, =t,)" +a (2)
A, HERFS) ;0 Ry Bk s, FaX(2) LA
(1) T3R5 22 3B AW 1AS 155
Ap, ., (AL ) —¢, (A, )

v<<0,1])=A—tn+ AL +Aa  (3)
AP Aa R BRI 22 H, X (2), Bk
B B I A A B IR [B) 6 5 R AT 2200 7S TAS 15 S L&A
A (3) A 1T, HA P R EOT R 20 R AT 2
PR T 35 DA T B V- 4TS RE (ST S TR A A5 T N
PR 23 7 A P B R0 BU R T AN 2L
1.3 HSIREXS IAS KRN

PRI 20 ol AN ) 25 S 2 T AE 0 L 25 A A A7 7 4 5
PR AR ] b s R E R 0.5, TR 2 (a) BT7R,
BIAS {55 MR IE R AR

v, =

L




—— IEEWE — — - ShRhE

r i ‘ | J i
Z ‘ | ' | I |
& 0 ! | ! | | |
R
|
-1 1 ‘ 1 I | ! )
0 1 2 3 4 5 6 7
fa AL B rad <1073
(a) Bk 5=
(a) Pulse signal
_‘g 55 — SRR - - -WEEE
g 5.
=
B 5o
"
®
i 48 A
N 0 01 02 03 04 05 06 07 08 09 10
R E frad
(b) IASfE S
(b) IAS signal

El2 iRz

Fig.2  Subdivision error

i — IAS IESZEME S N IPRIY 1AS {55, aniEl 2
(b) g, AR .

X = iA”sin(m'n'fn) (4)
KA, N SR f A BEFE BT IR m TSI IEL
n L E TS, R 405352 2% 6, i R [ -2x107°,
2x107° ] X [A] L f 450 40 A, W45 -5 X6 R 19 | TV R

TR
0=y * O (5)

PRSI ERZE  JRUTAS 55 EAs B A R i I
(B 2(b) HHEZR) , W BB BRI AR S, R T X LE IR P R
VT ETH AR BRI AL E WAL R AT TR, LR
R BRI v 2 R AL

2 IAS BT

2.1 WA H

BEXT R (R, AR R 22 I AU I B, X6 R 46 G
g {5 5 TR AR MU B [a) A7 Z2 0 24y, nT A 3] TAS 45
G55, A FIHE— BB RIS THR 22 a7k 22 (H
BARIUA SERE S PR E R £ MR BB RS
B R ST R E B RRE RS R gk
AR AL A ST TR S AT A BOLA AR B LR
Tk, A F

.= Z ‘Zz)akitnk (6)
Ko, W i BRSO E ;P W BEGE W Z
TR S K s a,, A | BOBE S Z TR a5l N
B BEN RS R, 2R (6) XA ()R 5] 4545 B i A

BT TAS KEBAA T 0% I BH 48 8 T8 % F 46 D 5 5 - 109 -
S
d-" P N o os-1
SR | (TSI (7)
t, i=1 k=s k=0

A es ARPUH « AR FRRUL R, 5 s=1 I, Pk
FHEOAE 5 BN TAS £ Al 1 25 70k ok i A i
2 AR TASTHRGE
2.2 SERMETEE

5 B2 W06 T AR H DR B A5 5 o 2 3 Y i
5B (B2 A 4B BE A PR 4 AL AN 22, IFAE A S ™
Az — N5 05 5 B TC O ) i 75 R FA (0 7 B AL 5 K diE A
TCIRIE T % O S EOL SR BUSAE i— A bl &
EIAS 5 S TRfE s A 1 BRI W, 7 A R

BRI Bl 5 A7 A B BN i 2 (R, 42 T
1R BT (AU, 6 P B, K 22 (R A RS R O
Ui Z A ER LR A i P 7 X7 BRAE LA B AR AN K
A GAR DL S B o3 B A P AR () FTAROR
WAZ R TR

_ 0 k
P =apt, T tagt, t, € [l(i—n*z’li*lwl

P = botﬁz ot bwtﬁz st € [ty ’z<i+1>w] ®)
K [ay,ay] [by,by ] R i BRI i+1 BEiy 2T R
e, b, APEBETEIT S 1 BB B N R E
B0, @, AMBRMAAETS ., RN E T 51058
FUG L BIAE BT Hermite 47 {H, BRI AR GIE AR 42 5040 AT JS 7G4
P B SRR R AR, O B8 R A AT 5
B Hermite 2T 41",

A, =q; X H; (9)
KA, WK G 20X q, HEH A H,
FEGERE X2 (10) ZERS ] SR A3 P B IAS 5 5
P EZ I

¢, =Al =q, XH; (10)

PIHHEE TAS {5508 — B S 8k, W R IE A AL B Y
BRSO A E Y A B — B B
Hermite fH{E 2 I0 A FEH ST .

=3 o) (11)

Ko R j S8y, AR AN ERLSR S 215G 4
HgAE AR |

L=, —t,_,) +(ti_ti—1)>Yi:l3i (12)
K, HATREB B2 b S g in s, it 12) iR
G AR 4y 3 B R BT BUAT A5 5 B Hermite 3
el

vi~1

1
HU<Z/1) = 2 (n) Ci n—'( tn - t[)nl(ln) (13)
i nl o\ "
Hr, €, B Hermite %L
a7 1

i = . [ 14
s = 2 Iy (14)



- 110 - LSRR R e o

937

X BN Kt , DASC R BRI (N=1) /2 Ab B s R4
il s, AR ] A i 5 B, T R BOE 45 2 B
T B, HAP I ROR 5 A 2 Bl & R X HE &l 3 B o

FI0AF - WE IR R o HBU
i 30.0 1\ ’
% 29811 /: _’
& 2061 o i T

$204p N T = . . .
% 002 004 006 008 0.10 0.12

HE A rad

K3 mbra i
Fig.3 High order fitting smooth

2.3 FEEFMEITE

MG BT 1, TR L M RIR (RS A SO
P BAUA BN N, =floor[ (L-N)/(1-N) ], floor
[ Thm U RERECH N, B SEN S5k A
FRI—H WA, T S-G W8I L2l T 2598 i, HAll
GUWECH (L-1) , A SO 2 07 3 i L& I B s /b F
S-G oy , B AR/,
2.4 BEIELSIEHEREN

Jr B [ LA HARSE R T /N T U A 1 R 2 i
PRy, Fe TR/ R E M 2R R B TR .

YT ) =min [JBC(T) =0 (T) |2 (15)
g MiEEE BB M A EBENIIGKE, P G

BB T =1, R NARA TR I W RO S8 0 (1) R
q MERE B FE 5 ) P+1 By ZI R EG T WK E

S M g BE P+1 YERRE ;0 (1) g FIBIIEUR TS
min || - || 2 HARFEIIT RN YA RN AT
FE M1 g LA R

E@Md)ﬂwwh=iWWUW' (16)
At m KB M W Sh G, R AT R B
We U= (J"J) 7T, 5080 m B+ 3 BT 3R U/
B IR M 2 T

b(g)(7) =" (7) (17)
WV U B M 4 A 1 AT R TSR (e 2%
R " BRI AT IE D

d(i) =u"s" (7)) (18)
Afa=+(g-1D) R, AL ENEWB[RBEFSHE
A RAE R BT .

MR/2

d(i) =Y, @ w(i-i) (19)

i=-MR/2

Ko =(u gy, U)o BRI IE S R
TR

3 AERESERNRE

P& RS R ARSI ik R R PR R AN BT 4 TR
| BB

| B ) B B3R |
_____  App————

r 7 N )
P = zzalﬂtn
i1 k=0
ﬁ&?ﬁﬁj@ﬁ?ﬂ%

|
|
| s
|
|
|

d;

¢, =4 =q H
Hermite %ﬁ*gg

| PECERIIASE S |
l BB RRAEA R |
| R |
B4 B
Fig.4 Block diagram of proposed approach

FE RS .

DE 5B 2o 5 RS a5 5 5 iR e
RSP A 2O B [ 7 B HE AT 43 B B 40L& SR BUSE A5, O
PEAT Z2 0 A0 S BUS3 BE TAS {55, ik Al 5% 22 Fn 4
iRz AT

2) P AbBE . ZE IR 1) SR ZE s B AR YR (11)
4T Hermite ff{E, LA ] 5 550 1 (9 98 48 | R HRUZE 187 122 4
AR TAS 545

3) Ao i 4 HL iz FH R BB 1R 20 4005 XAk 1Y TAS
e SR IR G A 2 i, S AR [R5 T4, 1 s e i = A
Y TAS %50,

4 (RS

S EAS SCHTH2 75 5 10 A RO AR Zeng S
SEIY TAS 5 54T BRAG S AL 3 8 J1 A BRI 1AS 55 24T
DIk, AHIEFBIRSY, (L5 B 7Y, L NGW B4 AT
FEVRHE ZONX G, 1A Bl T, A7 B S 0 i B e e A
B H J7 R R 9 3 ) Ay DT A

KBH%E :

(']s/rxz)éx + Z,Cspi(éxr.s +é])ir])) + 214 ks]ri(asrs + gpirp) =
T, /r,
TR,

e . .
(']]J/r]! )0pi - krpi(grrr - H]Jirp) - Crpi( 0.r, _epirp) +

kxpi( gl)ir]) +0r,) + C.q)i( epirp +68rs> = T])/r])



Hal FEF TAS REH0AE T A A FH e 14 1o SR 95 A 7 IR AT 5T - 111 -
iy ic % 1050 —— R —— SRR
(],/r,z)é,ZO 5104'8;——\/QM/\~#‘
P 5 10461
TR, £ 1044f

o " 2 1096 1098 11.00 11.02 11.04 11.06 11.08
( ']c/rv ) 00 + z k&pi( 0& rx + 0pi rb ) + ﬁﬁ[ﬁ/rad
1
El6 JFxt

ZICW( o.r, +0Pfrb) - Zkr}u(amrp - errr) -

2}“ e, (0.1, =0r) +k0 +cb =T,./r (20)

B2 S A A [ NG E B o S I 2 )
BVERE 0,0, .0, .0, A% FAFIe L% T, S K Bt
INFRRE, T, AT RA S, T, AT B 2% th A AR,
R RS 7 A i A% WU BTt L 05, vc, 0 IR
PHEE ViR B AR BELE sk, ok, K BH %S | 147 B S 0 A
LB

SCH RN EL AT B R AT B A S % il R
B, KBA%E A7 RE RBIEE 1 21 31 84 4T R FE
RN 34 TR AT AT R A R ERIER R Y o AT
BT BRIR 0, = 1x, KIHEEAHX e ik 0, = 5%, K
FHASLEXTHERL B IR 0, = 4%, K FHAS R IR O, = 12,
BB 0, =84x, MRAED ) AR RIIRAT I K BH 6 M R4y
FLIAS JNMEAE5 Q& 5 B, AR S 1 I ik A il e
FHE

2 4 6 8 10 12 14 16 18
£ % /rad
E5  hiJieEi B g R B i 5

Fig.5 Dynamics simulation: Noisy sun gear fault signal

ISR Bl 71 2oy O R AR B R R R K
TAS 155 B0 J5 3R U () 0 B (5 5, PR A SC I 0 v
(WL 4) Fn2E 43 7 Pk 3 it [B) 45 55 R4 T 115, 43l 3k
R TAS 55 X EC AN 6, Al LU AR S 3 5 k4 1
Mg S8 L A T 26 4 3 DXL S B8 388 7 2 i A 3 B U8 5
J B B R ] A 40 X KU TAS 155 R 17 ik
FRIEFRIC, 7T LA A SC T 2 07 1 76 i) 4 B8 Vi e is 17
)AL P52 10 0 %) RIS ST T Gt 28 5 25 AV 115 25 1 i
T e

Gy liE 25551 (S-G MR Mo ik A SO ERAG 11y
XTI S T 1 0 LR PR S A 5 2R AT TAS A5 5 Al
T, R AT SR AR Y TAS {5 5 AT [R] A5 S 2 4
JEAT BRI, AR NIE 7 (a) | (b) Bz, #5F) H Ja i [6] A5
PIE XS A SCHTHAL T 7 5 AT R 0 4 e BRI, 25 R an %]
T(c) B, &5.2557 5 A RIS 1 TAS (B 7 (a) )

Fig. 6 Method comparison

IR W P 5 8 S B | () 20 249 J W 7 v T R 5 T
221 S-G BT IR Y TAS £ 5 (I 7(b) ) dS3iR 22 oy I
RGEATHER 18 i AL GE R [R]DF- HOAR S 55 4 9 73
W FEATIORAEAE , T 1 Xo b B e o S0 0 S 5 el AR
SCHTHR T Ak T ARAF Y TAS 155 (& 7 (c) ) MRS R
P, ELAGR b R R WG R ] 3 o R S )
S H A R T HORERE (B HCRER 125, 5
W2 0. 523 SREE) , D5 ELAMHT B0AIE T T4 07 4 7T L
A BERIE 5 Y A P R R gl

WA f 3 B/ (rad-s™)
2 2 2 8
N \4] oo el

02 04 06 08 10 12 14
8 B /rad
(a) Z4r+FEH T

(a) Differential method+ synchronous average

71049

2 1048

B 1047}

it

£ 104.6

E1045

B 10 02 04 06 08 10 12 14

W& Firad
(b) S-GURIE 5+ IRl -F 2

(b) S-G ditferential+ synchronous average

0.522 76 rad(12x)

AT A/ (rad -s7™)
®

0‘.2 0‘.4 0‘.6 0‘.8 1.‘0 1‘.2 1‘.4
188 F B frad
(c) A SCHTR Ty i
(c) Proposed approach

K7 PrEfESHT

Fig.7 Simulation signal comparison

5 SCIGSHR

5.1 SERRAA
VAEL 8 i 7nAT B A S A i e S 56 13 1R AT S B K00
ik, SEE A PTF160 B — 2% 47 B jsi e e | fa] i A AL | 2



112 LSRR R e o

Has RN, TR BGERGE 5, 1T AN 3,
KIS ReSatron A2 p= Yl = 4 it , £ 500 2 500 4k,
LT il DL g =2 SRR AT B AL A R
ML 4 300 #%/min

K8 frRNRMLGEERE

Fig. 8 Planetary gearbox comprehensive test platform

SR LAAT AU RR AR KBRS Ao X 42, 26 K PR
7 A ) T B RV R, O o 9k ) bR R
0.5 mm, Q& 9 Fi7R, SEHGrf AT B2 B0 0R 46 g i 25 ik o
S, R b B U T BV, AR B R4 8, LA
& 4 BT 7R AR A PR [R5 B AR B R B 1AS 55 (&1 10
HRSEER IR ) |, oS (08 el i [ 2400 A B BRI B R A

[ NS Ly TR 2

Fig.9 Sun gear tooth surface wear

5.2 SEIGHEIES

T8 L A SR AR R S 2 5 , 2 1 RN 22 4
TEATT AR 1AS {5 S XF tLan i 10 fis, il &, 5145
FLOTHT A RARXT N, 225315 KB TAS 155 (S RI1Z)
FETEAN o1 22 KAl TH R 22 5 B e 75 | 1 BT 46 D7 76 AR B
Y TAS {545 CHLSEZR) e 32 2] T 83 , SRR (R
B SRS A S i L 8

A 3 Al 0 SEERAF S AT T AL B AR HX TAS
fF55 )5, AT E, AR 4l K BH 4 e % TR 30, 32 TR) 45
PR RN 2230 S-G Tl AR BUY TAS {55 2E17
S 43 B HR, 932 TR S 1) 25 406 AR X A SC BT 3 A
THITESRIUN TAS 55 47 A 7 s 4R M, AT LU
SFRIEAR S AE e K R A iR 2E BB TF S+
FELESR DR IEIE 175 25 0 R I TAS {55 (A& 11 (a)
FiR) HBOSERE B LT 58 M i 5, &R P e

37 &
jg 30.0 —— BN —— BRI
<
2295
bl
£ 200
% 1686 1688 1690 1692 1694 1696 1698 17.00 17.02

AL E /rad
K110 SEEAF5 kX

Fig. 10 Experiment signal method comparison

TCIEIHRR ;M S-G UEIHr (An& 11 (b) frzm ) EAR AT LA
PR R T R (R AEAE R 2 M s | R e
TCIETEBER AR SCHT 7 IR 3R BUAY 1AS 55 (AN 11
(o) Fi) ARGFHuAm ] T 4050 iR 28 Ak T HR 22 (5 5 Lk
PERAT , F FLE U MR B T e WL & B A PR IE , 48
T RSP $E U B o i, T DATE A S
I i R P TP T e 2 (B R I R 12, 7 R 3
297470523 6 NS , WG S 50 B0 E 1 A ST 4R 7 ik
A 3

31

wn

]

£

= 30

E

& 29

=

§ 28 L L L ' L L '

0.2 04 06 08 1.0 12 1.4
W E A B rad
(a) Z3+RLF
(a) Differential method+ synchronous average

» 305
=i

<
= 30.0
=
295
&
=290
=

02 04 06 08 10 12 14
A B /rad
(b) S-GIEHE 53+ F 25-F3)

(b) S-G differential+ synchronous average

w
<
n

0.523 6 rad(12x) |

w
o
=

[PRISE 38 B /(rad s )
3 8

02 04 06 08 10 12 14
W5 A FE rad

(c) AR TT 15
(c) proposed approach

B 11 LR SN

Experiment signal comparison

Fig. 11

6 % it

FEXT TAS {5 500 5 32 it s R 22 Al TR 22 TR



5 4 3

FET TAS KSR A A PH 8 247 TR P A I D PA WS 113 -

B A SR — R R 2 T TAS (5 S A%,
SO ARG T Tk MU AR AN RS N TR VA AT e
Mt 75 RS , A A S BT 2 A 9 1R 25 R S5 Al TR 25 1Y
), B TAS 5 S HIMTIRE B, IF 455 JR Bk IR] 20 05 Jr
RIS 55 g B i o3 4 o S S P o3 ) SE B TR R
R PEARIE SR, SEE AT A R 1A S Oy
LA RN R S35 5, O BEA SR BUS BRRRE
WFFE b R 2 B S BEE X5 - i 8OR
FETERCN 5 SR 45 5 PR AR X 2% 2 0™ A B9 5 i R AT
b, BE— PR E ARG, AN 7 v X e 22 BT 84
B, TR TR AR G i 2 TAS {5 S it
xR
[ 1] BRUEAR R, S, 55, B T amidae s 5 n IR AT
SR R R B2 W B R (1] b [ P T AR 22 I
2021,41(5) :1885-1894.
OU SH D, ZHAO M, ZHOU T, et al. Fault diagnosis
technology for low-speed planetary gearbox based on
encoder signals [ J |. Proceedings of the CSEE, 2021,
41(5) :1885-18%4.
TRORIE. & T 2K 8 8 e Ay 48 5O H 20 11 45 D00 3k
THEMTFE[ D] AL P E R BOR KA, 2018,

XU ZH Q. Research on the velocity measurement method

(2]

of incremental encoder based on Kalman filter [ D ].
Hefei: University
China,2018.

MOUSTAFA W, COUSINARD O, BOLAERS F, et al.

Low speed bearings fault detection and size estimation

of Science and Technology of

[3]

using instantaneous angular speed [ J ]. Journal of
Vibration & Control, 2016, 22(15) :3413-3425.
BONNARDOT F, LIZOUL K, ERRAFIK S, et al. High

frequency demodulation

[4]
technique for instantaneous
angular speed estimation [ J].
Signal Processing, 2021,159.107745.

ZHAO M, JIA X, LIN J, et al. Instantaneous speed

jitter detection via encoder signal and its application for

Mechanical Systems and

(5]

the diagnosis of planetary gearbox [ J ]. Mechanical

Systems and Signal Processing, 2018, 98.16-31.

[ 6] FENGZ, GAO A, LI K, et al. Planetary gearbox fault
diagnosis via rotary encoder signal analysis [ J ].
Mechanical Systems and Signal Processing, 2021,
149.107325.

[7] ANDRE H, GIRARDIN F, BOURDON A, et al

Precision of the TAS monitoring system based on the
elapsed time method in the spectral domain [ J ].
Mechanical Systems and Signal Processing, 2014, 44(1-
2) :14-30.

(8] o, ARDL2E 70 2 T A 5L HE R AT 2 48 R 2

(9]

[10]

[(11]

(12]

[13]

[14]

[15]

[16]

B IBFSEL D] FK  BLPRK,2020.

ZENG Q. Phase differential encoder theory and its
application on planetary gear set fault diagnosis [ D ].
Chongqing: Chongqing University, 2020.

DIAMOND D H, HEYNS P S, OBERHOLSTER A ]J.
Online shaft encoder geometry compensation for arbitrary
shaft speed profiles using Bayesian regression [ J ].
Mechanical Systems and Signal Processing, 2016(81) :
402-418.

AN, BERE, daE, SR POCHHN MR RGN R 2
OISRV T ] AERER AR, 2021, 42(5) :59-65.
LI G L, XUE Z, HUANG Y. Indication error analysis
and compensation of circular grating angle measurement
system [ J ]. Chinese Journal of Scientific Instrument,
2021, 42(5) :59-65.

RN, LD, WA, A — 0T B A
ZRAbRE T [) ], AEAGERE, 2016,37(11)
2459-2464.

FENG CH P, ZHU L. Q, PAN ZH K, et al. New self-calibration
method of circular grating eccentric parameters [ J ]. Chinese
Journal of Scientific Instrument, 2016, 37 (11):
2459-2464.

SRR, BRI, BRI, AT SO g AT A R
SR T A IR AE LI & [ )], AL RSN SR A
2020,41(10) . 187-195.

ZHANG YH, GUY T, MA X T, etal. On line torsional
vibration measurement based on generalized incremental
encoder instantaneous angular speed calculation [ J].
Chinese Journal of Scientific Instrument, 2020,41(10) .
187-195.

X . T BRI i ] 22 B S LS B 2 W R R
W[ D], MEREE M /REE TR, 2014

LIU X. Research on fault diagnosis technology of the
diesel based on the

marine multi-cylinder engine

instantaneous speed [ D ]. Harbin: Harbin Institute of
Technology, 2014.

SCIGEME, RRIUbR, 5 vwhR, A, 1k g i 4% I 2
SR ] A S RS HEm [T]. i TR 2, 2012,
27(2) :185-189,209.

WEN X Y, ZHENG Q L, WEI K K, et al. Typical
issues analysis and corresponding strategy for incremental
encoder speed measurement [ J]. Transactions of China
Electrotechnical Society, 2012, 21(2) :185-189,209.

LI B, ZHANG X, WU J. New procedure for gear fault
detection and diagnosis using instantaneous angular speed[ J ].
Mechanical Systems and Signal Processing, 2017 (85) .
415-428.

KPR, PR SRR A R 2R B T TS ].



114 - G R - C I T 8375
H I S A g, 2019,33(3) 15-20. [21] Z&Mmilg, M8, LIANG M. Vold-Kalman J& i FI%E: By
LIU B, LU X. Interpolation error analysis of photoelectric RE S/ B AR AR T AT A 1 50 A6 BB 12 W v (%) Iz
encoder based on improved genetic algorithm[ J]. Journal W5E[T]. PR TRA, 2015, 28(5) :839-845.
of Electronic Measurement and Instrumentation, 2019, QIN S F, FENG ZH P, LIANG M. Application of Vold-
33(3).15-20. Kalman filter and higher order energy separation to fault
[17] &FF, B, HEon. PR RS e 80T diagnosis of planetary gearbox under time-varying
DB E T T]. Wi R 22 T R, conditions[ J]. Journal of Vibration Engineering, 2015,
2015(10) :1990-1998. 28(5) :839-845.
PENG D, YANG L, YANG J Q. Curve piecewise fitting 1EEE AN
method with exponential-curve-transition of hot-film gas < SR 39,2019 4 Frhdb RAEREE e
flow sensors [ J ]. Journal of Zhejiang University Ay a = B ey N~ e 1] T S XX
( Engineering Science) , 2015(10) ;1990-1998. 9 FEI7 1) A B DL B A S
[18] ‘WA, FFHEEE, PL5L45. E By Hermite FHi{H 1) £ c/ E-mail ; zxkmust@ 163. com
BRELT] . WALB G R 2R ( B ARBE IR , 2015, “ Zou Xiang received his B. Sc. degree
37(4) :40-44. from North University of China in 2019. He is
CHANG J C, QLY J, ZHU H Y. Pyramid algorithm of currently a M. Sc. candidate at Kunming University of Science
higher-order Hermite interpolation[ J]. Journal of North and Technology. His main research interest includes fault feature
China University of Science and Technology ( Natural extraction of rotary machine.
Science Edition) , 2015,37(4) :40-44. : B3 (1515 ) , 2003 4F T H PR
[19] ABBOUD D, MARNISSI Y, ASSOUMANE A, et al. C = IRAS 207, 0 B I TR ML T2
Synchronous analysis of cyclo-non-stationary signals: A | Pl @ /4 HBEHAZ , WG 0] AL sh 25 03 B
comprehensive study with aeronautic applications [ J ]. ;' AR IR HrEE 4,
Mechanical Systems and Signal Processing, 2022(168) : “ E-mail ; kmgary@ 163. com
108600. Guo Yu( Corresponding author) received
[20] ZENG Q, FENG G, SHAO Y, et al. Planetary gear fault his Ph. D. degree in 2003 from Chongqing University. Now he is

diagnosis based on an instantaneous angular speed

measurement system with a dual detector setup[ J]. IEEE

Access, 2020(8) :66228-66242.

a professor in Kunming University of Science and Technology.
His main research interests include mechanical dynamic testing

technology, vibration analysis and other fields.



