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Fig.1 Structure and coordinate systems of a vertical axis

washing machine

Mo, BN O, AR bR Bl =, 5 A L R Y il £
A5 B A bR AR [ 5 TR L, B 4 TR AT B R Bk
ST T A A AR 2, SRR B R G, Bk
P 2 00 585 O 00 T 1T A AR B %l 2, 1938 45 . R
R F1 il 3R Sl A AR BRAR R T 275 bR RIS

1.1 BKiE, BYVEFSEEZ0haEIEeE

BEOKAR L HLE TR A 455 53 B AR &R O
ooz V45 R 43R J7 8 4 I S A 4 R A 28R W
PR 1, e H TG C b S7 R TR AR bR R Oz, Ho gl
e T, H
T,=

1. m E, *m]Ard;:;B '
— ki T . b
2 sym BT<ml<r1> r+H(AYYJ,(AY) |B
(1)
Horbosym FRM RN b =[x yzaBy ", NI X
B 5 ey K9 R B TED 2049 5 05, R R LT 5,
Bl CLTEESN AR R O xyzs PN E R EE, N
3 X 3 BNLFERE s A R BN AR R Oy yaz XS T2
AR R O a2 B SRR R B A RCHLf 348
55 WA fry 3802 ) Y B A5 R I AT O SR R AR AR R
Oy HXF T 3 A BR R O aryyez, 1 2354 R 55 B
J R ERCHAA T PR ok
WA 1 i ) i
Vi=migsa=mg(z+ AL r) (2)
Horpr . g I FE I B 55, A 2 T o i AL AT
i, Ho A 3IT T A TR .

1.2 Bisk#E, B FERYISNEEMSEE

JBE KA | L ATLES T AW i AP 887 2 7 R S 1
AR 3 o B B 5 B0 AR AR R Oyryezs M HR B AL AL
58 2 5% Bl Rk LR E S RO WA 2, B BE T 0

MlZ

1 M,
Tzszzr M,
2

sym

M,
Mo |k, (3)
MBS

/H\:':F' My =m,E; MlzzfmzArd;:le§M13:mz X

~\ T~
14“(aryﬁﬁ);ﬂln=:BT<nu(r2> rf+</r”)fxx4“)T)za
.
A4%::BT<——nh(rz)(ar/ae)+—A“Jﬂg} M.,=

madr,)30) (3,30 )+ € Joes my R 2 5 1t 5 7,
SR B O FE BN AR R Oy, R BB 2 050
o JOE KA e 0 1E  k =[x yza By 0], JRI k1Y
PR e =[ 0 0 11" h R fA R il 7 5 A A
F O,y T 7 18 K0

R 2 (7 B

V,=m,gs.=m.g(z+ A% r,) (4)

1.3 BERSH X h#ER

P VEACHLAY B4R 20 e 4 32 0 AT 2, 5 52
1 AT 2 A A5 R | T S e 0 S e | i A A
BELJE #5355 o 1 A 00 S e ARG 18 S g 3 3 30 o BR
5 VA TOURR 0BG K AR I FRAR B o AR SCHR 81,4 52
A=A R

.
4 Z F
Us=> U=~ o

(5)
4

- (A"B) (M, + A"r,F,)
i=1

Hop Uiy F o B M o0 SRS i ST
TEREANMVE MAETEEALZIW LY
Ji1H .

1.4 FEIRTXH

e PR A HIL T4 28 9 09 A BT TR, B P9 A4
D IIMVERTN X 2G4 T E R . AR
SV T R

Fo=—m,(p+g) (6)

Horp oy, AR B S BT EE 5 p ok - PR N AR BB

HEZE ROy PIEERE;g=[0 0 g]%
WA B ISP 18

M,=(A"B)'r,F, (7)

Hor s, R R O AE B AR AR B O,myez, i B
KA,
SRR T Xk
Q. =[F' M (8)



5 5 4 B 5 A RS Ve A HILIGE S A% Sl 4 i D7 ik 971
‘ BB AR
L5 RGIRIHER 0 F, F
VB e A4 4 £ PE AL £ 5 3 (1)~ (5) BoKiR
SR (8) 1R 23S Kk 19] F 7 2, 360 1T A 4 ok :
VR AL O B R 75 810 e Uk A HLIBEL K B S0 7 e (b) HHFBLE
] view (b) Top view

.

1| oM . - A%

Mij=—|—¢q| ¢—Mq+F(0,0)+U——
2| dq a

q

(9)
Hig=[zyzapy] sMNEGEFRE ;U=
Us+ QARG NI V=V, + V,. hRE M

F A F (0, 0) 5 K Ay el BE 6 R o 6

A G T

2 TEHERERESHMIEITS R R IERE
21 FEEMERENMIZITRIERDHE

EHVOTA AR BE S5 NI 2 fros o IS
ey P B AR LS BB B T A A B R 2 e A
Ve AHLIE K AR 1 J7, 24> UL X ) 22 278 IR e K
PRSP N BE . R 3 B Bt BELJE Al 7e = 0/ TR 5 %
ZCA TOUES 22 fe , 52 116 BELJE 7 SR 400 S e 7 A 1 1B 25 AR
2y 5 1w 38 By B I BEL e AR 7R URE B AR R 5 KA
B R AL T AR, S TR B R B F Y

(a) “FHEAZFHES5H

(a) Planar variable damping structure

(& SN 24
w1 | Lo
¥
ok B A
241
s

(b) ZHRER
(b) Installation diagram

K2 SFmASKE e ikt

Fig.2 Design of the planar variable damping structure
- T A2 BHLJE 85 4 52 0 T A 1A 3 B s . Hev,

F 29 1 B JE A ™ Az 5 BELTE T, 412 T R oK A TR
ol Q,J7 M S KAz Zh T MM . QES %

P 3 S T A BELJE 454 32 g i 14
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the influence of the first three order wheel polygon changes on the vibration law of the car body. This paper pro-

vides a good reference value for service subway operation and wheel maintenance.

Keywords wheel polygon; radial runout; low-frequency vibration; wheel wear; co-frequency resonance

Detection of Planetary Gearbox Weak Fault Based on
Sparsity-Guided IEWT-MOMEDA

WANG Zibo, LIHongkun, ZHANG Kongliang, CAO Shunxin, SUN Fubiao
(School of Mechanical Engineering, Dalian University of Technology Dalian, 116024, China)

Abstract When early failures occur in planetary gearboxes, the weak fault features are difficult to extract and
identify due to the interference of background noise in industrial environments and the attenuation of fault im-
pacts in complex transmission paths. To address this issue, a sparse-guided improved empirical wavelet trans-
form (IEWT) is proposed combined with multipoint optimal minimum entropy deconvolution adjusted
(MOMEDA) method for weak fault feature extraction. Firstly, a new fault composite index (FCI) is intro-
duced, and the original signal is adaptively decomposed into a set of IEWT components based on the amplitude
envelope of the signal spectrum. Secondly, the sensitive components, selected through the sparse-guided
method, are used as the sparse representation of the original weak fault signal. Finally, the MOMEDA tech-
nique is applied to the sensitive component signals to reduce signal noise and extract the weak fault feature fre-
quencies for identification. The effectiveness of the proposed method is validated through simulations and experi-
ments, successfully extracting and identifying the weak fault features of planetary gearboxes. This demonstrates
that the method has good diagnostic performance for noisy, non-stationary, and non-linear fault signals in plan-
etary gearboxes, providing a new approach for the diagnosis and identification of weak faults in engineering prac-

tice.

Keywords planetary gearbox; empirical wavelet transform; multipoint optimal minimum entropy deconvolu-

tion adjusted ; sparse-guided ; weak fault diagnosis

Study on Transient Vibration Suppression Method of
Vertical Axis Washing Machine

YUAN Xunting'®, CHEN Haiwei'?, ZHU Jing"?, SHI Yacheng’, ZHANG Xinjié’
(1. School of Mechanical Engineering, Jiangnan University Wuxi, 214122, China)
(2. Jiangsu Key Laboratory of Advanced Food Manufacturing Equipment and Technology ~ Wuxi, 214122, China)
(3. Wuxi Little Swan Electric Appliance Co., Ltd. Wuxi, 214028, China)

Abstract The transient vibration of a vertical axis washing machine is strong in the dehydration process, so a
new planar variable damping structure is proposed to reduce the transient vibration. Firstly, the kinetic energy
and potential energy of various rigid bodies of the washer are deduced, the generalized forces of the suspension
structure are described, the force of the liquid balancer is analyzed, and the vibration model of the vertical axis
washing machine is established using Lagrange's equation. The working principle of the planar damping struc-
ture is explored, its damping force is described and its suppression effect on transient vibration of the washer is
verified. Secondly, the influence of the planar damping structure on dynamic characteristics of the washer is

evaluated, the bifurcation theory is employed to analyze stability of the system. Furthermore, the distributions
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of the stable regions of the system is analyzed, and the appropriate disengaging speed range of the damping struc-
ture is obtained. Finally, the effect of the damping structure for suppressing transient suppression of the washer
is validated though experiments, and the appropriate disengaging speed of the structure is analyzed. The results
show that the planar damping structure can suppress transient vibrations effectively with little influence on other

dynamic characteristics of the washer.

Keywords washing machine; transient vibration; vibration suppression; variable damping structure; stability

analysis

Research on Noise Reduction of Inertial Navigation Heterogeneous Signals

Based on Noise-Sensitive Prior and Improved VMD

LIU Yu"*, CHEN Long', TAO Lei’, WANG Hongwei'?, HUANG Qingzue"’
(1. College of Mechanical Engineering, Taiyuan University of Technology Taiyuan, 030024, China)
(2. State Key Laboratory of Intelligent Mining Equipment Technology ~ Taiyuan, 030032, China)

Abstract Aiming at the multi-source noise of inertial navigation in the attitude estimation of coal mine bolting
jumbo, a noise reduction method of inertial navigation heterogeneous signal is proposed based on noise sensitive
prior and improved variational mode decomposition (VMD) , which avoids the over-decomposition and under-
decomposition problems caused by the parameter fixation. Firstly, the noise sensitivity difference of the hetero-
geneous signals (acceleration and angular velocity) of coal mine bolting jumbo is investigated by using the varia-
tion of the signal characteristics in the time and frequency domains. Secondly, according to the noise-sensitive
characteristics, the dual decomposition layer and energy fluctuation model are constructed, so that the decompo-
sition parameters have the ability of adaptive optimization and the synchronous optimal decomposition of the
inertial-guide heterogeneous signals is realized. Based on the Pearson correlation coefficient (PCC) , the modal
component screening parameter, correlation coefficient P, is designed to consider the noise sensitivity differ-
ence, to achieve screening practical modal components and simultaneous noise reduction of heterogeneous sig-
nals. Finally, the proposed method is compared with the noise reduction results of complementary ensemble em-
pirical mode decomposition (CEEMD) and improved complete ensemble empirical mode decomposition with
adaptive noise (ICEEMDAN). The results show that the method proposed in this paper considers the noise sen-
sitivity differences of heterogeneous signals, thereby improving the signal-to-noise ratio of inertial measurement
and enhancing the attitude initialization accuracy of bolting jumbo. The pitch error is reduced by 81.818 % , and

the yaw error is reduced by 87.958 %, which lays a good foundation for accurate roadway support.

Keywords variational mode decomposition; noise reduction; inertial navigation heterogeneous signal; bolting

jumbo

Corrosion Evaluation Technology by Electromechanical Impedance for

Grounding Conductors

HUANG Yanwei, CHEN Yaojie, ZHANG Haojun, FANG Zhou

(Department of Automation, Fuzhou University Fuzhou, 350116, China)

Abstract A novel approach based on electromechanical impedance is proposed to evaluate the corrosion degree



