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Fig. 1. Schematic diagram of electromagnetic vibration exciter.
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Fig. 3. Schematic diagram (a) of the rapping system using
electromagnetic vibration exciter (b) dimension of the collecting plate.
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Fig. 4. Lumped parameter model of electromagnetic vibration exciter.

Table 1. Design parameter for lumped parameter analysis.

Symbol Value (mm) Symbol Value (mm)

I 7 4 42.5

l sl 9.75 rs 45

lo 225 hg 13.5

L 19 Ny 22.5

r 16.25 h 56 15.5

) 32 hy 22.5

3 40

Table I1. Specification of Neodymium PM.
Symbol Parameter Value

B, Residual induction 123T
H, Coercivity -890 kA/m
0 Relative permeability 1.1
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Table III. Specification of mechanical subsystem.

Symbol Parameter Value
m Mass of yoke and PM 1.7kg
c Damping coefficient 48 N - s/m
k Spring coefficient 34 kN/m
®, Natural frequency 22.5Hz

Table IV. Specification of electrical subsystem.

Symbol Parameter Value
io Maximum current 10 A
f Input frequency 50 Hz
n Number of coil turns 64
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Fig. 7. Plot of flux distribution (a) at initial position (b) at upper
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Fig. 8. Plot of moving position at input current frequency of 50 Hz by
simulation.
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Fig. 9. Plot of magnetic force at input current frequency of 50 Hz by
simulation.
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Fig. 10. Plot of spring force at input current frequency of 50 Hz by
simulation.
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Fig. 11. Plot of excitation force at input current frequency of 50 Hz by
simulation.
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Lumped Parameter Modeling and Analysis of Electromagnetic Vibration Exciter
for Vibrating Rapper of Electrostatic Precipitator

Je-Hoon Kim, Jung-Hun Lee, and Jin-Ho Kim*
School of Mechanical Engineering, Yeungnam University, Gyeongsangbukdo 712-749, Korea

Sang-Hyun Jeong and Bang-Woo Han
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The miniaturization of electrostatic precipitator is becoming a key element to the success of the efficient electrostatic precipitator
due to the limited space allowed to install electrostatic precipitator in subway tunnel. Nowadays, a research on electrostatic precipitator
in urban railroad equipment technology is under an active study. Finite element method has been used one of the most popular
techniques, but it consumes a lot of time especially in computation iterations. Accordingly, the lumped parameter analysis can be an
alternative tool to FEM because of its computation iteration capability with fair accuracy. In this paper, lumped parameter model and
the simulation results are presented. In addition, the result of lumped parameter analysis is compared with those obtained from finite
element analysis for verification.

Keywords : electrostatic precipitator, vibrating rapper, electromagnetic vibration exciter, lumped parameter analysis, finite element

analysis
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