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Abstract. In the case of a thin surface precision mechanical device, it is often accompanied by
mechanical vibration, mechanical vibration will reduce the precision of the device. In order to
eliminate the influence of the vibration, the surface eddy current damper is introduced, which can
quickly generate the damping force of multi degree of freedom, and has the advantages of simple
structure, high safety and reliability. The mechanism of the eddy current damper is analyzed, and
based on the calculation and analysis of the electromagnetic damping force, the vibration
suppression effect of the eddy current damper is designed. The experimental results show that the
surface mechanical device of precision parts vibration when using eddy current damper, vibration
suppression of surface mechanical device type disk can be effective, the fast response speed, high
reliability and safety, which has important reference value for the study of vibration reduction of
panel type precision machinery parts.

Introduction

The relative motion between the conductor and the magnetic field will produce eddy current, and
the magnetic field generated by the eddy current is opposite to the polarity of the original magnetic
field, resulting in a force that hinders the relative motion, this phenomenon is called electromagnetic
damping. The eddy current damper can effectively reduce the kinetic energy of the mechanical
system and restrain the vibration of the mechanical device, in particular the precision mechanical
device. The eddy current damper adopts the mechanism of non contact damping force, and can
work safely and stably without any conditions, its production cost is low. Compared with the
general damper, the eddy current damper is not disturbed by the external conditions, which
increases the reliability of the system.

Mechanism and overall design of surface eddy current damper

For the design of surface eddy current damper, it is necessary to understand the mechanism of eddy
current. As shown in Figure 1, in a static magnetic field, when the conductor plate moves at a
certain speed, the flux in the surface conductor plate will change, and the induced current will be
generated, the induced current is eddy current. The eddy current will re create a magnetic field, the
magnetic field and static electromagnetic field instead, thus impeding the magnet and the plane
conductor plate movement, which will produce eddy current damping force.
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Fig.1 Eddy current damping mechanism

According to the basic principle of eddy current damping force, the surface damper is designed,
the purpose of the damper is to reduce the vibration of the surface device. Surface disc of surface
damper is fixed on the motor, the damper is wrapped around the inner surface of the silicon steel
sheet to form a magnetic pole, power will be formed after the electromagnetic field, it is driven by
the power driver module. There is a certain gap between the damper and the interview panel, and no
contact between the damper, so it will not produce mechanical wear, the principle of the structure is
shown in Figure 2.
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Fig.2 Schematic diagram of surface eddy current damper
As shown in Figure 2, when the damper is energized, the electromagnetic field will be generated
in the air gap, the surface disc will produce eddy current in the process of rotation, when the disc
vibrates, the gap between the panel and the eddy current damper changes, resulting in an
electromagnetic damping force. The damping force can restrain the vibration of the disc, so that the
device can reach a stable working state, eliminate the damage caused by the vibration to the device,
and improve the operation quality and operation efficiency of the device.

Calculation and analysis of electromagnetic damping force of surface eddy current damper

The surface damper is composed of two sets of one-dimensional permanent magnet arrays, which
are orthogonal to each other, each of which is composed of a number of permanent magnet arrays.
In the calculation, we can calculate the electromagnetic damping force by changing the current of
the conductor plate, and conductor current density can be written as Formula (1),

J =o(VxB) (1)
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In Formula (1), o is electrical conductivity of planar plates, v is relative velocity between
plane and magnetic field, B is magnetic flux density, the eddy current damping can be expressed as

F=[ (xB)v )

In order to simplify the analysis, Assuming that the flux density along x, y, z, is similar, the
electromagnetic damping can be written in the x direction, its expression is:

F I Nxz/4
—ov,el, [
x XUV ) Nxe/a

B2dx (3)
In Formula (2), v, is the velocity of the x direction, c is the thickness of the surface conductor

plate, 1, is the effective length in the y direction of the planar conductor plate, N, is the number

of permanent magnets contained in the permanent magnet array in the x direction. Similarly, it is
assumed that the magnetic flux density along the x, y and z directions is similar, the magnetic flux
density can be written as an electromagnetic damping in the y direction, its expression is Formula
(4).

Nyz/4

F. = ovxcle

—Nyz/4

B*dy @)
In Formula (4), v, is the velocity of the y direction, c is the thickness of surface conductor plate,

lis the effective length in the x direction of surface conductor plate, N is is the number of

permanent magnets contained in the permanent magnet array in the y direction.

Damping coefficient must be considered when calculating damping force, and damping coefficient
can be considered as the ratio of damping force and velocity, and the expression can be written as
Formula (5).

D=F/v (5)

By controlling the magnitude of the damping force, the vibration of the mechanism can be
controlled, and the next section will be focused on.

Performance analysis of surface mounted eddy current damper

In order to verify the surface elimination effect of mechanical vibration damper, the experiment
system is designed to control the disk vibration damper, which includes vibration, vibration signal
detection, damping force driving environment, the main experimental process as shown in Figure 3.
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Fig. 3 The principle of experimental test process
As shown in Figure 3, the use of single-chip drive stepper motor in the experimental process, the
disc starts to rotate in the rotating process because of its low mass will produce vibration, in order to
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verify the eddy current damper were collected on the vibration information, the vibration signal as
shown in Figure 4.
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Fig. 4 The acquisition drawing of vibration signal
As shown in Figure 4, the displacement curves of disk structure generated during vibration is
obtained through vibration signal acquisition, experimental device power will produce eddy current,
thereby suppressing the generation of vibration on the disc, and the inhibitory effects are shown in
table 1.

Table 1 The vibration reduction scale

Experimental Maximum amplitude of vibration Maximum amplitude of vibration
disk point before the eddy current damper (mm) | after the eddy current damper (mm)
1 0.61 0.32
2 0.56 0.28
3 0.42 0.20
4 0.33 0.13
5 0.26 0.12
6 0.18 0.08

As shown in Table 1, the vibration signals of the disc vibration with and without eddy current
damper are collected, from the statistical results, it can be found that the vibration of the disk has
been greatly reduced by the inhibition of the eddy current damper, thus verifying the reliability of
the electric damping eddy current device.

Conclusion

In order to restrain the vibration of the surface mechanical parts with higher precision, to improve
the operating accuracy of the mechanical devices, an eddy current damper is introduced in this
paper. Through the calculation and analysis of electromagnetic damping force, the mechanism of
the eddy current damper is studied, and the structure of the damper is designed. Finally, the
suppression effect of the damper is studied by experimental method. The experimental results show
that the inhibitory effect of eddy current damper disk vibration can be greatly reduced, which
verified the inhibitory effect of eddy current damper vibration type opposite precision machinery
parts, is a kind of high efficient damper is safe and reliable, simple structure and low price.
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