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Fig. 11 Time domain diagrams of vibration signal
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%6 Wk

1R, 55 75 I AR 5 1% 0 AR A AT 22 14 8 1% 30 A B 8 2R S8l e i 7 53 T 1721

F R T W T e A A W S, A BT )
HE LA IX 73 e et A0 A 0 M 7 4 i, DR IR, 6 i i e e
{5 BEATFEAE 42 1

o 40
g 20
Z 0
% -20
=% 10 20 30
I IE /s
(a) LRI RS 5
(a) Crack fault time domain signal
€, 0.50
Eo2s
i‘léi 0 Vo i L )
0 2000 4000 6000 3000
K /Hz

(b) FLLUH R B iR E 5
(b) Fourier frequency domain signal of crack fault

17 RS
Fig. 17 Fault test signal

Antoni $& H BB 3% I B vk (FSK) |, BEHE
e 3 W 7 ) 4R Bh A5 5 BRI wh oy gt B (S S Ak
Fm AR W 18 s o

| xsewEape |

i
|1 s e B B A7
T TR B RS M
| wfEsmmss |

CENE v

K18 5o b MR
Fig. 18 Signal processing flow
X S 56 A5 5 FEAT PR T U R A, >R I FSK 42
WU B 5 R AIE, 45 R A BT 19 T
0.04 - ﬁp_@gs ﬂp frp+6fgs

0.03}" 77@7% 1Tt fas,

0.02F

=
£ % 500 1000
F /Hz

B9 KRB0 LRSS

Fig. 19 Experimental signal of crack fault of sun gear

SIHTSREAR S, P 19 SRR A
174 r/min, 1 T 52 PRl oA n] BE i i o8 42— 2
VUASAT EEAE SR IR T 87 J 30 A A b e s )
S9, 08 IR BH A e e 7 AR S R SRR AR R (1/4) £, B
Sreo DI, S 3055 vl B 050 25 i) B 1) S 090417, =

Xif R Al BRSSP £, B0 E A PH S 28 S0 4 LA
5 v AT 3R D) B O AR b S G A 5 A AR
R L, 680 7/, LA BT R B i .

7 4 it

PAAT BV B A% 8l B G0 RS X 4, BE 0 K BH 48
AR SRS  O0 , oR F AT PR T 12 s S 14 BB 25 4 8
J12E o BB L X e M 1 2% 18 5 OR 5 B AL i A
4 1A B iR Bl e 17, R a0 0 a5 7 4 2R B X
ForBr A5 H AN N 458

(1) A% B8 45 O B A Wi o 147 il 5 A9 17 S 48 1 1%
BB AE T, TR AR TP B0 A 198 I B R 5 A B ek
H G B IR P A AT R AL (5 T R S B
A B G I 2 32 B 494 L R ek o 4

(2) Bl A A BH e 24 30l 9 i B2 9 Am T8, 30 Bt e
S 7 WA AT P S R T R 1 (AN BT

(3) B e s 9 T i, N A BBl AR 30 R {852 K FH
e LB B 52 ) B 2 30 R o R T BT A B AR
51 K R R B R0 O, S 2ofy AL B R SRR E
WA, L3 ol 2 ) 2 i 3 3k 149 7 g T AS T 994 0

S E 3k

(1] BREVE, #hihes, witads . NPT E G 2ash )
FFTLEARLT ] BB T R4, 2014, 50(11): 23-36.
QIU Xinghui, HAN Qinkai, CHU Fulei. Review on
dynamics of wind turbine planetary gear transmission
system [J]. Journal of Mechanical Engineering, 2014,
50(11): 23-36.

(2] BUWIEE, F ARG, XU . RS A IARIR 3h 00 4T AL G g 1%

R GRS HTT]. AR TR R (B AR
W), 2015, 43(9): 128-134.
HE Zhaoxia, CHANG Lehao, LIU Lan. Multi-objec-
tive aerodynamic optimum design of a blade based on
mesh deformation[J]. Journal of South China Universi-
ty of Technology (Natural Science Edition), 2015, 43
(9): 128-134.

(3] #Zesgz, THE, MEM. AT RS RGIRG 5 HF
AR IIHILT]. MR T R4, 2016, 52(7): 46-53.
HUANG Yihong, DING Kang, HE Guolin. Mathemat-
ical model of planetary gear sets’ vibration signal and
characteristic frequency analysis[ J]. Journal of Mechani-
cal Engineering, 2016, 52(7): 46-53.

(4] ¥FfeM, 2K, R . WIBTER T17 283 Rk
ZHRRLATFELT ] JRBh S ehidi, 2017, 36(21): 265-270.
XU Huachao, QIN Datong, ZHOU Jianxing. Vibration
responses of planetary gear sets under the internal mesh-
ing excitation[J]. Journal of Vibration and Shock,
2017, 36(21): 265-270.

[5] Bk, =38, M, & . &R 2 8UR 4 1T &



1722 £ I N - 7 55 36 &

VA AR BR LA T [T, KRB REEM(ARRLE Y [12] das, fesng, fEIBM, 45 . 5B R4 it B L 3h &

TREHEARM), 2019, 52(11): 1117-1128. G 1A e o A [T] PLBR B3 S i, 2019(8) -
ZHANG Jun, LI Xike, WANG Jian, et al. Investiga- 30-33.
tion of fault mechanism of a planetary gearbox with in- Meng Z, Xiong J M, Zhan X Y, et al. Natural mode
cipient tooth crack[J]. Journal of Tianjin University analysis of planetary gear trains with local crack fault[J].
(Science and Technology), 2019, 52(11): 1117-1128. Machinery Design and Manufacture, 2019(8): 30-33.
[6] Han Hongzheng, Zhao Zhifang, Tian Hongxu, et al. [13] TEFW, SHE, e, 55 17 2088 8 R G R
Fault feature analysis of planetary gear set influenced by B BB RO R R M O ST SR (T ). MLMRAL B, 2021, 45
cracked gear tooth and pass effect of the planet gears (3): 46-51.
[J]. Engineering Failure Analysis, 2021, 121:105162. WANG Zihan, FENG Fuzhou, CONG Hua, et al. Rigid-
[7] Yang Lantao, Wang Liming, Yu Wennian, et al. In- flexible coupling modeling and fault characteristic simula-
vestigation of tooth crack opening state on time varying tion research of planetary transmission system[J]. Journal
meshing stiffness and dynamic response of spur gear pair of Mechanical Transmission, 2021, 45(3): 46-51.
[J]. Engineering Failure Analysis, 2021, 121:105181. [14] FWHE, P4, X5258, 5. 17 2R RN S 2FH B &
[8] Zhang Lina, Wang Yong, Wu Kai, et al. Dynamic Gk e g AR R SR LT ML AR 2 i, 2016, 52
modeling and vibration characteristics of a two-stage (13): 111-122.
closed-form planetary gear train[J]. Mechanism and Lei Yaguo, Luo Xi, Liu Zongyao, et al. Vibration sig-
Machine Theory, 2016, 97: 12-28. nal simulation and fault diagnosis of planetary gearboxes
[9] Wan Zhiguo, Cao Hongrui, Zi Yanyang, et al. An im- based on transmission mechanism analysis[J]. Journal
proved time-varying mesh stiffness algorithm and dynam- of Mechanical Engineering, 2016, 52 (13): 111-122.
ic modeling of gear-rotor system with tooth root crack[J]. [15] k&, TRH%, 2= 8 . 1752 0 5048 K PH 48 o e 3h A
Engineering Failure Analysis, 2014, 42: 157-177. AT [J]. #Rsh S epar, 2020, 39(6): 263-270.
[10] Liang Xihui, Zuo M J, Pandey M. Analytically evaluat- Zhang Mian, Wang Kesheng, Li Yaxin. Motion period
ing the influence of crack on the mesh stiffness of a plan- characteristics of sun gear fault meshing behaviours[J].
etary gear set[J]. Mechanism and Machine Theory, Journal of Vibration and Shock, 2020, 39(6): 263-270.
2014, 76: 20-38. [16] SRALME, 5K , BT T, 45 bR 38 Ui 32 205 45 B IR 3 M iR
[11] E#&, ®EFH, REM, . G AE S RG-SR T 1l SRR EIZ W T]. R s K 5 12, 2021, 41(6) -
BEREERTSE[T]. ksl 5 uid, 2017, 36(12): 208-214. 1090-1095.
WANG Xin, XU Yuxiu, WU Baolin. A study on fail- ZHANG Xuhui, ZHANG Chao, FAN Hongwei, et al.
ure characteristics of a gearbox transmission system Improved fault diagnosis of rolling bearing by fast kurto-
with coupling faults[J]. Journal of Vibration and gram and order analysis[J]. Journal of Vibration, Mea-
Shock, 2017, 36(12): 208-214. surement &. Diagnosis, 2021,41(6): 1090-1095.

Crack fault response analysis of sun wheel in planetary gear drive

considering signal transmission path

YAO Jun, ZHANG Xiang-feng, ZHOU Jian-xing, XIE Gao-min, WANG Ye-feng, XIE Kai-tai
(School of Intelligent Manufacturing and Modern Industry, University of Xinjiang, Urumqi 830047, China)

Abstract: In order to study the influence of vibration signal transmission path on the fault response of sun gear crack in planetary
gear transmission system, a dynamic analysis model of ring gear structure is established by finite element method, and the vibration
responses of ring gear with and without transmission path are compared and analyzed, which verifies the time-varying effect of
transmission path in the model and the validity of the model. The solar wheel crack fault test is carried out, and the fast spectral kur-
tosis (FSK) method is used to reduce noise and extract fault features of the experimental signal, which verifies the accuracy of the
simulation results of solar wheel crack fault. The results show that the transmission signal of planetary wheel which only engages
with the faulty teeth of the sun gear is considered, and the transmission in the path decreases with the increase of distance. When
considering the transmission signals of all planetary wheels, the fault signal appears modulation, which tends to decay or increase
with the transmission distance. The research results can provide theoretical basis and reference for fault diagnosis of planetary gear

transmission system.
Key words: planetary gear drive system ;tooth crack;transfer path; fast spectral kurtosis method
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