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Air bearing-guided linear motion modules have so little friction that they are

Received 11 April 2018 widely used for precision positioning systems. The module exhibits disturbance
Accepted 30 May 2018 vibration that is difficult to control because the air bearings have too small a
damping coefficient. In this paper, an eddy-current damper (ECD) is proposed for

an air bearing-guided linear motion module to improve the vibration isolation

Keywords: characteristics. A Halbach magnet array is devised to increase the density of the
E(.idy ?urrent Dam.p er magnetic flux of the ECD because a stronger magnetic field generates a greater
V1bra.t10n Suppression damping force. A theoretical magnetic model of a Halbach magnet array is
I-Axis System presented, and its working principle is investigated. In order to investigate the
Linear Motion performance of the module, an experimental instrument with the module, ECD,
Air-bearing System and control devices was constructed. The authors compared the experimental data
of'the module’s positioning performance for the cases with and without the ECD.
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Fig. 1 Principle of eddy current
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Fig. 2 Conceptual model of eddy current damper (ECD)



Jae-Hoon Jo et al.

I\‘_upg _q'J‘_?
Conductor \ ‘ ‘,‘ : " Back Iren
;T |
Magnet
Moving ¥

Direction

Fig. 3 Permanent magnet with backing iron for ECD model

[ Cnnduttnr e

Fig. 4 Permanent magnet and its image for ECD model
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Table 1 Specifications of System Modules

Part No. Spec.

S40-03100-100406 (Air bearing) [x,y Axis Accuracy: 0.01 um/mm

SSR20_ XW1 M (LM Guide) |x,y Axis Accuracy: 6 un/200 mm

Static load: 3.2 kN,

BSST_0802 (Ball Screw) Dynamic load: 1.8 kN

JTKL3610 (Linear Motor) Continuous Power:260 W

ATMAX40H

. M tic Density: 1.45 T
(Neodymium Magnet) agnetic Density

RLE10 (Laser Interferometer) Resolution: 39.5~316 nm

TA330 (Amp) Maximum Current: 18 A

E3640a (Power Supply) Maximum Voltage: 20 V

Maximum Input Frequency:

DS1005 (Controller Board) | GHz
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Fig. 11 In-positing stability of positioning module without ECD
(upper) and with ECD (lower)

Table 2 In-position stability of positioning system with and
without ECD

Without Eddy With Eddy
Current Damper | Current Damper
Average Vibration (lLm) 0.175 0.087
Maximum Vibration (lm) 0.704 0.404
RMS (um) 0.217 0.111

Single-Sided Amplitude Spectrum of x(t)

Freque1ncy (Hz)
Fig. 12 FFT (fast Fourier transform) result of experiment in-
position sensor output
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With Eddy Current Damper (Air Gap = 20 mm)

200 T T T - —
| | | | =—Desired Position
| | | | ==Real Position
| | | |
FEO = = = = 5 0 e = 5 e 5 o e e | B i i |
) | | | | |
£ | | | | |
= | | | | |
§100F — = =~ 1 T T T ]
- | | | | |
o | : | | | |
| H | | | |
50 | Settling Time, ¥~ | ‘ ‘ ;
| H | | | |
| | | | |
0 it | 1 1 |
0 1 2 3 4 5 6 7 8 9 10
Time (s)

Fig. 14 Step response with using ECD air gap = 20 mm)
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Table 3. Parameters to calculate damping coefficients

Ty Ly ¢
Without Eddy Current Damper | 0.057 0.028 0.114
With Eddy Current Damper 0.034 0.004 0.310

Table 4 Experiment results of damping coefficients
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Fig. 15 Step response with using ECD

Table 5 Damping for various air gap

Air Gap
(mm)

Without
ECD

0.057
0.028
0.114
0.762

20 23 26 29

z; (m) 0.034
0.004
0.310
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1.552
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Table 6 Parameters of ECD

0.375
5.96 < 10" U/mp
4.358 <1072 m?
2.733x10° 7 A/m
3x10° m

a (Shape Factor)

o (Conductivity of Conductor)
S (Area of Conductor)
B (Magnet Flux Density)
d (Thickness of Conductor)
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Table 7 Damping coefficient of theory and experiment

Table 8 Damping coefficient from theory and experiment

Air Gap Without
2 2 2 2
(mm) 0 3 6 ? ECD
Cop 2.07 1.55 L.13 | 0971 0.762
Cireory 138 | 0.941 | 0.639 | 0.439 -
)f_
System Air Bearing Mover

Damping
Eddy
Current

Damper

SIS

Fig. 16 Simple modeling of positioning system
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Air Gap (mm) 20 23 26 29
Clutibrated 1.31 0.790 0.368 0.209
Covp 2.07 1.55 1.13 0.971

Damping Coefficient from Air Gap
T T T

25 T

={@=Experiental Coefficient
=@=Theorical Coefficient
Calibrated Theorical Coefficient

C (N*s/m)

0.5

L
30

0
18

I I
24 26
Air gap (mm)

I I
20 22 28 32

Fig. 17 Variation of damping coefficient with and without
ECD - after calibration
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