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ABSTRACT – Comparing with Laser Doppler 

Velocimetry, Capacitive Displacement Sensor has much 

bigger noise which inevitably cause calculation error in 

Asynchronous Error Motion measurement. In this paper, 

a noise separation algorithm in ASEM measurement with 

using CDS for super high precision spindles is presented. 

The measurement results of CDS is in good agreement 

with those of LDV. The application target of CDS in 

ASEM measurement is extended. 

 

1. INTRODUCTION 

Asynchronous Error Motion (ASEM), which 

reflects the influence of random interference, is an 

important index to evaluate rotation precision of spindles. 

Recently, the ASEM of machine tool spindles has 

attracted special attention in the 3! fields due to 

continuous improvement of the requirements for high 

light cutting [1]. Since the amount of ASEM is in the 

order from several to tens nanometers for high precision 

spindles, the noise of displacement sensors cannot be 

ignored in the ASME measurement. 

Laser Doppler Velocimetry (LDV) is a non-contact 

measuring instrument with super high precision for 

motion speed and displacement measurements of an 

object by using laser doppler effect. However, the LDV 

has very strict requirement to the roughness of the 

measured surface and installation accuracy. Capacitive 

Displacement Sensor (CDS) is also a kind of non-contact 

instrument which has lower requirement to the surface 

roughness, better environmental adaptability whereas 

larger noise. Therefore, it is necessary to reduce or 

separate the noise signal of the CDS to realize high 

accuracy measurement of ASEM. 

 

2. METHODOLOGY 

2.1  Measurement setup and conditions 

An experimental apparatus was built up to measure 

the axial ASME of an HDD spindle motor, as shown in 

Figure 1. The motor was fixed on the air floating platform. 

Both LDV and CDS sensors were used in the 

measurement. The test point of LDV was chosen on the 

disk which has a better reflectivity. The test point of CDS 

located in the same arc with LDV (see Figure 1(b)). To 

reduce the influence of disk vibration on measurement, 

the signal point is set as near as possible to the disk centre. 

The motor was driven by the driver at speeds of 

7200rpm. The five seconds signal data were acquired at 

sampling rate of 500kS/s with LDV and CDS. Finally, 

five seconds noise signal data of the both sensors were 

acquired with the same condition at motor stationary state. 

 
(a) Measurement setup. 

 

 
(b) HDD SPM and measurement points. 

Figure 1 Measurement setup of ASEM with both LDV 

and CDS. 

 

2.2  Calculation of the standard deviation of ASEM

According to the international standard, ISO230-

7:2015, the ASEM is the portion of total error motion that 

occurs at frequencies other than integer multiples of 

rotation frequency.  

Assuming both ASME and noise are Gaussian 

random signal, we have 

 ~N( !, "!)   (1) 

and 

#~N( $, "$)   (2) 

The standard deviation of the measured signals 

which contains the ASEM and noise can be obtained 

from previous studies [1-3] as 

"$ = % &''(*)
+-
.- /*  (3) 

Where &''(*) is the Fourier transform of autocorrelation 

function 0''(1), i.e., the power spectral density function 

(PSD). 

Therefore, the standard deviation of ASEM can be 

calculated by 

"! = 2"$ 3 "$
$  (4) 
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3. RESULTS AND DISCUSSION 

3.1  Noise signals 

The statistical analysis of noise signals of LDV and 

CDS shows that the noise signals comply with normal 

distribution, as shown Fig 2. The standard deviations are 

"$,4 = 56555789m , :"$,; = 565<>7?9m,  respectively. 

Comparing with LDV, the noise of CDS is big enough to 

cause measurement error of ASEM. 

 

 
(a) 

 

 
(b) 

Figure 2 Distribution of noise signals. (a) LDV and (b) 

CDS. 

 

3.2  ASEM calculation with noise separation 

Figure 3 shows the PSD functions of the combined 

signals at 7200rpm measured by LDV and CDS. The 

dotted lines represent the integer multiples of rotation 

frequency which should be deducted in the calculation of 

ASEM. 

The standard deviations of the combined signal and 

ASEM can be finally calculated by Eq. (3) and (4), 

respectively, as shown in Table 1. It can be seen that the 

difference between the two sensors can be as small as 

0.6nm with the separation of noise. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1 The standard deviations (μ"). 

Sensor Type Noise 
Combined 

Signals 
ASEM 

LDV 0.00027 0.00960 0.00959 

CDS 0.01528 0.01839 0.01022 

 

 
(a) LDV 

 

 
(b) CDS 

Figure 3 The PSD of combined signals at 7200rpm. (a) 

LDV and (b) CDS. 

 

4. CONCLUSION 

Based on the Gaussian distribution characteristics 

of both noise and ASEM signals, a noise separation 

algorithm is presented and verified by LDV’s results for 

ASEM measurement. The measurement accuracy of 

CDS is remarkably improved and application target is 

extended. 
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