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Fig.4 Finite element model of atomizer shaft
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Table 1 Geometry parameters of the atomizer shaft

l l l l l l l l l
f(mm) ! 2 3 4 5 6 7 s 9

30 17 11 480 11 361 58 67 28
rll dz d} d4 d5 dﬁ d7 dX d‘)
25 35 46 35 25 24 16 12

d/(mm)
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Table 2 Material parameters of the atomizer shaft

E/MPa G/MPa pl(t-mm™)
2.11x10° 8.08x10* 7.9%107°
= PR
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Table 3 Comparison of the present solutions and finite

element method (FEM) calculation results

n Present/Hz FEM/Hz Error/%
1 42.728 44.007 2.993
2 140.521 145.590 3.607
3 353.419 353.490 0.020
4 607.673 602.750 0.817
5 1342.341 1344.900 0.191
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Fig. 5 The effects of speed on the vortex frequency



52 g 1 % 5

wodl % 2021 455 19 %

-®- 1st Positive precession

y =4~ 1st Anti-precession

w (Hz)

20(.)005 0.015 0.025 0.035 0.045
m Dt
353.8
-®- 3rd Positive precession
=4~ 3rd Anti-precession
353.68

353.56
—_
N
=
3

353.44

353.32

353.2 : ' ' -
0.005 0.015 0.025 0.035 0.045
m Dt

300
-®- 2nd Positive precession
¢~ 2nd Anti-precession
254 -
208
—_
N
=S
3
162 -
116 -
70
0.005 0.015 0.025 0.035 0.045
m Dt
610.5 r v : .
-®- 4th Positive precession
=4~ 4th Anti-precession
609.8
609.1
—_
N
=
3
608.4
607.7
607
0.005 0.015 0.025 0.035 0.045
m Dt

(NI (9pie= QU RIAEIE I E SN

Fig. 6 The effects of atomization wheel mass on the vortex frequency
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STUDY ON VIBRATION CHARACTERISTICS OF ATOMIZER
SHAFT

Yin Zichao Li Ming Chen Bo Li Yinghui’
(School of Mechanics and Engineering , Southwest Jiaotong University , Chengdu 610031, China )

Abstract A computational procedure for vibration analysis of an atomizer shaft was proposed by combining the Timosh-
enko beam theory and the transfer matrix method. Firstly, the rotating shaft of the atomizer was modeled as a Timoshen-
ko beam by considering the gyro moment, moment of inertia as well as shear effect, and the natural frequencies were cal-
culated by the transfer matrix method. Then, the finite element model of the rotating shaft was established by using two-
node beam element, and finite element simulations were carried out to verify the accuracy of the proposed procedure. Fi-
nally, the effects of the rotating speed, the quality of the atomizing wheel and the ceramic restraint stiffness on the natu-

ral frequencies were discussed by numerical simulations.

Key words gyroscopic moment, Timoshenko beam, transfer matrix, parametric analysis, vibration character-

istics

Recived 4 November 2019, revised 29 December 2019.
+ Corresponding author E-mail: yhli2007@sina.com



