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Force Acting on Electrode Members Inside Electrostatic
Field and Their Mechanical Vibration
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The electrode members used inside large scale electrostatic precipitators have normally a
very long height compared to their breadth and thickness. As a result the electrostatic force
acting on them may cause a deformation, deflection or self-sustained vibration, large enough
to result in an unexpected trouble. One of the examples is the discharge wire electrode, the
vibration of which has been the major cause of its fault. Mode calculations to indicate these

electrostatic force itself proves to be fairly small, in the range under 0.3 N/m. However, an
appreciable amount of deflection or vibration is possible to occur owing to a small value of
rigidity inherent to such member geometry. This necessitates an assessment of these quantities

on designing a precipitator when the member height exceeds 5 m.
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effect and the criterion for the initiation of the self-sustained oscillation are presented. The
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Fig. 1 An infinite column parallel to an infinite
plane (Case I).
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Fig. 2 Potential distribution between two parallel
line-charges of infinite length and opposite
polarity.
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Table 1 The electrostatic force acting on a.column
at the Case .

wl! Ve [10-**N/mV?2]
(mm] 2a=2.5mm 2a=10mm 2a=20mm
30 6.2 15.0 28.9
60 2.2 4.6 7.5
100 1.1 2.0 3.1
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Fig. 3 An infinite column lied on the middle plane
of infinite parallel plates (Case 1).
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% 2 MrfFAT 8% (Case 1)
Table 2 The electrostatic force acting on a column

at the Case [ .

SEATER [

MoME B & k (N/m?]
- e S & PO TR
(mm) [mm) hla /h (kV/cm])
2
20 2.5 2.5 5.6 10.0 15.6
50 10 5 0.87 1.96 3.5 5.5
5 10 0.46 1.04 1.85 2.9
20 5 0.90 2.03 3.6 5.6
100 10 10 0.46 1.03 1.82 2.9
5 20 0.29 0.65 1.16 1.81
20 10 0.47 1.05 1.87 2.9
200 10 20 0.29 0.65 1.16 1.81
5 40 0.20 0.45 0. 80 1.25
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Fig. 6 Comparison of calculated electrostatic forces
using eq. (4) with ones using the substitute-
charge method.
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Table 3 Bending vibration mode of a column at the Case 1.
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Table 4 Potential difference between parallel plates and that of the column from plates.
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R FBRX o @ a=10mm a=20mm

n Ag a ¢ o /¢ @ o a/¢
{10-2V] [10-2V] vl [10-2V] (%] vl (10-2V) (%]

1 9.1 52 2.32 54.1 23.3 1.62 57.3 35.3

5 3.4 6.5 2.47 8.9 3.6 1.78 11.4 6.4

10 1.8 1.9 2.50 4.3 1.7 1.81 6.9 3.8

15 1.3 0.9 2.49 3.7 1.5 1.80 6.0 3.3

20 0.9 0.5 2.50 3.1 1.3 1.80 5.7 3.1

40 0.4 0.1 2.49 2.7 1.1 1.80 5.3 3.0
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Fig. 14 Uniformity of the potential distribution on
parallel plates in the model calculation.
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Fig. 156 Uniformity of the potential distribution on
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