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Effect of Sampling Interval on the Measurement of Rough Surfaces
with Stylus Instrument
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Abstract

Spectral analysis and computer simulation
are adopted to investigate the effect of
sampling interval on measuring rough
surfaces. It is shown that spectral density
can be affected by sampling interval. The
optimal sampling interval strongly depends
fractal dimension D and the
non-scale parameter G .

on the
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1. Introduction

The effect of the stylus tp sme on
measuring errors of statistical parameters of
rough surfaces was investigated in several
places [1-2]. Another approach was taken
by Church and Takacs [3]. They studied the
Wu [4]
also used the spectral analysis and found a

spectral density of measured surface.

“critical sampling interval”.

The object of the present study is to
imvestigate the effect of the sampling interval
on measuring fractal surface roughness. In
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this paper, spectral analysis is adopted.
Finally, formulas are developed to estimate
critical sampling interval.

2 Mathematical Model of Stylus Locus

The scheme for finding the locus of
stylus tip 1s similar to that of Wu [4].

In developing a computer model, a
surface 1s approximated as a discrete series of
points. The stylus locus was assumed that:
(1) The radius of the stylus tipis 7.

(2) The lower semicircle of the stylus tip
contacts the surface.

(3) The traced profile is drawn by the center
of the circle of the stylus tip.

(4) No plastic or elastic deformations.

The contact point has coordinates
X(J), Y(J) and the stylus center has
coordinates X(I), Z(I). The index J of
the point of contact is determined by a search
over the discrete points spanned by the stylus
tip for a maximum of the function

h(J)+Y(J) = Mkax[h(k) +Y(k)] =Z(I)

where (k) =[r* —(k - D*(AX)*]"?
The range of indices k's are searched
extends from I-[r/AX] to I+[rlAX].

These ecuations are used to simulate the
trace of stylus.

3. Profile Generation



Figure 1. Stylus center and contact point coordinates

In this paper, we focus on the spectral
analysis. Since the spectral density of
rough surface at lugh wave number always

Therefore, fractal
profiles are generated. For a fractal profile,

has fractal properties.

1ts spectral density 1s of the form
GZD—Z
P(w) = 5D 6))
G is aconstant. Its dimension is (length ).

D 1s the dimension, where 1< D<?2.
The Fourier filtering method [5] 1s used

Fust of all, the

discrete spectral density 1s made by
P =Pw)Aw fork=0,1,2,---NJ/2

Therefore, the
generated profile is

ZOZ'\/FO

to generate fractal profiles.

Fourier Transform of

Z, =[P (cos ¢, +ising,) k=12 (NI2-1)

Z,,=Z, for N>k > NJ/2

where ¢, is a set of random phase angles

uniformly distributed between 0 and 27 .
The profile {z,} canbe obtained by the

following equation.
Al 27kl

5, =>Z, exp(lT)
k

=0

1=0,12...(N=1)

4. Spectral Density of Measured Profile

In 1991, Church and Takacs [5] made a

conjecture that a measured profile should
have the following spectral density.
P(w)

1)

P(o)(—)*
@

foro<w,

P(a)) measured = for 0>
= "

For a fractal profile, the spectral density
of a measured profile will be

GZD—Z

p=T; foro<w,
P(w) = G2 1

——— forw> .,

a)é—ZD a)4 [4

Church and Tacas thought that the
critical wave number 1s 1mplicit defined by

the equation Cx?,, =os @)

S. Simulation and Spectral Analysis
5.1 Non-Dimensional Analysis and Profile
Generation

D and G are non-dimensionalized by

D g=7

Also, we define a non-dimensional wave
number and non-dimensional spectral density

as following.
W=Tra H=g"
P(CO) g2D—2 H
T(w) = = =
( ) 73 5-2D WS—ZD

Figme 2. D=13, H=10",profile and locus of
stylus tip
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5.2 Result

We study four different H's with seven
cdifferent fractal dimensions.
D=101,11,13,15,17,19,199
H=10",107,10", 10
Totally, 35 cases are mvestigated. For each
case, ten profiles are generated. For each
profile, 32684 pomts are generated. The
sampling interval 1s 0.05.

Figure 2 shows part of locus and profile
and figure 3 shows the spectral densities for
orignal and measured profiles of D=13,
H=10". If is found that, the spectral
density of measured profile 1s the same as

that of the ongmal profile up to a cntical
wave number, w_, above which 1t follows a

power law —D,. D, 1s between 3 and 4.
We use the least scuare to fit the data in the

log-scale figure. We can find the cntical
wave number w,_ and the power D, for

each profile.

We calculate the average C, w, and
The

figure 4. Figure 5 shows the average power
D, . Figwre 6 shows the critical wave

D, for each case. C's are shown In

number w,.

In figure 4, we find that C 1s not 0.1 as
Wu claimed [6].
wave number can not be obtammed from

Therefore, the crtical

equation (2).
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Figwe 5.
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Figure 6. Critical sampling mterval.

5.3 Critical Wave Number

Using regression, we can find an

empirical formula for critical wave number.
logw, =-0.275log H-0.564D+0.695

The critical wave number obtained from
simulation and the one obtained from the
above ecuation is shown m Figure 5.

5.4 Reliable Sampling Interval

The rehiable sampling interval can be



decided by cmtical samplng interval as

follow s -

w

The cntical sampling mterval for all the
cases we Investigate are shown m Figure 6.

3.5 Estimating the Error of Variance of
Height by Measured Spectral Density

The spectral density 1s approximated by

gZD—2
—5 forw<w,
w
T(W) = 2D-2 1
T s forw>w,
WS,_ZD w4 c

c

The vanance of height 1s

=2 wth( w)dw

Thus, fractional measuring error on variance
of height 1s

4-2D (L _1_)
T Tk I W W,
o’ (L_ 1_)
W:l—2D W2_2D
Examples are shown in figure 7. It 1s found

that this equation can estimate the error of
varance of height correctly.

of height

of variance

Figure 7. Eiror of variance of height

6. Conclusion

This paper use spectral analysis and
computer simulation to mvestigate the effect

of sampling mmterval on measuring fractal
It 15 found that if the sampling
interval 1s too large, the data about the
If the sampling
interval is too small, the spectral density may
be distorted. The rehable sampling interval
strongly depends on H and D . The
formula for cntical sampling mterval 1s

profiles.

surface may be too few.

obtamed. @ From the critical sampling
interval, the spectral density of measured
profile 1s developed. Also, the error of mms

height can be easily estimated.
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