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1. INTRODUCTION

A typical engineering surface consists of a range of spatial frequencies. The high
frequency or short wavelength components are referred to as roughness, the medium
frequencies as waviness and low frequency components as form [1,2]. Fig. | illustrates
this.
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Fig. 1. Schematic diagram of surface characteristics [3].
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The idea for such separation of surfaces comes from the fact that roughness,

waviness and form have various effects upon functionality of parts from severa]
aspects and therefore such classification is considered as important segment i

analysis of surface texture, according to Whitechouse 1994 [2].
Separation of roughness, waviness and form from measured total (raw) profile is

performed by means of a filtration process. In measurement technique development

two filtration methods are presented, known as E filtration system and M filtration
system [2,4]. E filtration system uses the envelope method (rolling or sliding a bal]

o

with certain diameter against surface) and is a mechanical filtration system
characteristic for oldest measuring instruments. M filtration system includes usage of a
profile filter. Profile filter could be analogue or digital. The subscquence of use of |
profile filters and the procedure for gaining profiles of roughness and waviness is

standardized with ISO 4287:1997 [5]. Same International standard defines three types

of profile filters A, A, and As A profile filter removes components with very short
wave length (noise, deviations of stylus and similar) of total profile. A, profile filter

separates roughness profile, while as A; profile filter separates waviness from form. It
is significant to underline that the American national standard ASME B46.1 -2002 [3],
does not include A profile filter i.e. it is considered that the length, at which roughness
profile is detecrmined, is small in order to determine the form (form deviation) of the
surface.

2. METROLOGY CHARACTERISTICS OF GAUSSIAN AND 2RC FILTERS

2.1. 2RCFILTER

Analogue 2RC (two-resistor-capacitor) filter is the earliest filter used in surface |

metrology for filtering per M system. The digital version of 2RC profile filter is with
standardized metrological characteristics contained in ASME B46.1 -2002. 2RC
profile filter is not included today in International ISO standards. Weighting function
and transfer function of 2RC filter is given by [3]:

) -2
S(x) = f(z - AI/%J exp[— ALi} ol ST (1 - &%} (1)

B Filterinput e

where A=3,64 for 75 % transmission at A, X is the position in millimeters from the
origin of the weighting function (— < x<0), A, is the long wavelength roughness cut-

off, i=+/—1 and k=1/+3 =0.577.
Filter mean line of primary profile is obtained by convolvin g the primary profile
with weighing function. When determining filter mean line, weighing function is
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enerated in interval -24_. < x<0, since the filter (its weighing function) is not

ymmetrical in terms of the origin [1,2,3]. Filter mean line of primary profile
etermined by usage of a 2RC filter does not represent waviness profile since an
nsymmetrical filter [2] is in question. Roughness profile could be gained by
ubtracted of filter mean line from primary profile. The major disadvantage of 2RC
ilter is its non-linear phase as result of which a phase distortion of filter mean line in
erms of primary profile occurs. The phase distortion becomes more expressed by cut-
off increase. The distortion of filter mean line at primary profile ends and its
sensitivity at deep valleys on primary profile, which results into withdrawal of filter
3"'_mean line from mean part of profile towards the valley, are also characteristics that
could be considered as 2RC filter disadvantage. Distortion of filter mean line at
_primary profile ends is extremely expressed on primary profiles that contain extreme
~waviness and deviation of form. For reducing its disadvantages, the start part of
primary profile is shortened in length of 2A. [2]. Due to this shortening of primary
~profile length, 2RC filter can not be used when measuring very short profiles.

2.2. GAUSSIAN FILTER

~ Metrological characteristics of phase-correct Gaussian filter are standardized in

[SO 11562:1996 and ASME B46.1 -2002. Weighting function (the definition of the
filter in time/spatial domain) and transmission characteristic of Gaussian filter is given
by [3,6]:

2 2
1 A,
S(x)= L 7:'[ a; } : —;% =exp| — 7{0{7‘) (2)

'H

here = vIn2/7 =0.4697, x is the position from the origin of the weighting function

nd Ac is the long-wavelength roughness cut-off, A is the amplitude of sine wave
ughness profile before filtering, A, is the amplitude of this sine profile in the mean
line, A is the limiting wavelength of the profile filter and A is the wavelength of the
ne profile. From equation (2), it can be seen that the amplitude attenuation of
sinusoid whose wavelength is equal to the cut-off (A=A.) is 0.5, where of can be
oncluded that transmission characteristic of Gaussian filter is 50 %. Schematic
representation of weighing function and transmission characteristic of Gaussian filter
r sizes of A, 0f 0.08; 0.25; 0.8; 2.5 and 8 mm are presented in [3,6]. Major advantage
f Gaussian filter against 2RC filter is that it has a linear phase and does not cause
hase distortion of filter mean line in terms of primary profile. Roughness profile of
rimary profile can be gained as a difference between primary profile and filter mean
¢ determined with Gaussian filter. Against ASME B46.1 -2002 filter mean line
termined with Gaussian low-level filter represents the waviness profile. According
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to [1,2] the Gaussian filter is characterized with some disadvantages. Namely, filter
mean line determined with Gaussian filter has distortion on profile ends as resul of ¥
the openness of primary profile, which is not the case when it is applied on closeq
profiles. Deviations of mean line shall always be directed towards the zero valye
against z axis, and the deviations shall be larger if primary profile ends are more
distant from zero value against z axis. This is the main reason for shortening
roughness profile in terms of primary profile for length of one A. , i.e. per one half of
. on both profile ends. As a result of shortening parts of primary profile in amount of &
one A, Gaussian filter is not applicable when measuring very short profiles, which cap
be considered as its second disadvantage. As third disadvantage its sensitivity towards
deep valleys on primary profile could be mentioned, which results in withdrawal of
filter mean line from mean of profile towards the valley and later on distortion of
roughness profile in the valley proximity. For overcoming this disadvantage 1S0
13565-1:1996 [7] and [8] foresees special filtration mode of primary profiles with
deep valleys by usage of Gaussian filter.

3. GAINING FILTER MEAN LINES AND ROUGHNESS PROFILES FROM REAL
ETALON SURFACES BY APPLYING MATLAB (R2009B)

In literature [1,2] analysis is mostly performed on filtration and effects of
disadvantages and limitations of Gaussian and 2RC filter for primary profiles where
the waviness and form profile have high participation in the form. A need is enforced
for determining effects of Gaussian and 2RC filter on primary profiles gained by i
measuring real surfaces where waviness and form are not expressed in high extent, %
The justification for determining these effects comes also from the fact that against %
ISO 3274:1996 [9] by usage of contact (stylus) profilometers, which have a pick-up g
with skid, only a roughness profile and partially of waviness could be gained because
the skid has already done mechanical filtration with which waviness and form profiles
are rejected from measured profile.

For the purposc real etalon surfaces were measured with periodic profile
representatives for machining with turning and milling. Measurements on these
surfaces were performed by usage of stylus profilometer Surtronic 3+, while as
coordinates of points, with which primary profiles are described, are gained by means
of software TalyProfile, Version 3.1.4. A pick-up TYPE 112-2672 (DCN 001) with
stylus radius of 2 um and skid radius of 8.7 mm was used. Software TalyProfile
is professional commercial software of closed type where user does not have
possibility for detection, correction or reviews of equations against which calculations
are done. TalyProfile is not possible to use for determining roughness or waviness
profile, which shall have length equal to primary profile. Other limitation comes from
the point that TalyProfile is not able to provide a view of filter mean lines gained by
applying profile filters but only of waviness profile, which is not the same.
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As significant disadvantage of TalyProfile could be also considered that whep
calculating roughness parameters automatic filtration is performed by means of §
Gaussian filter without taking into account whether measured profile is gained with
a profilometer with or without a skid.

Simulation of filtration process by means of Gaussian and 2RC profile filters and
gaining filter mean lines and roughness profile in these researches is done by applying
software package Matlab (R2009b). Equations (1) and (2) for weighting functions of
Gaussian and 2RC filters are used for gaining filter mean lines. Primary profiles, filter
mean lines and roughness profiles gained from periodic real etalon surface are
presented in Fig. 2,3 and 4.
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Fig. 4. Primary profile, filter mean lines and roughness profiles gained from periodic
surface- machining with milling, with Ra=1.6 um.

4. ANALYSIS OF EFFECTS OF PROFILE FILTERS’ CHARACTERISTICS UPON
GAINED ROUGHNESS PROFILES

On Fig. 2 and 3 are presented primary profiles, filter mean lines determined with
Gaussian and 2RC profile filter and roughness profiles for periodic surfaces,
representatives of machining with turning with various values of Ra. From the form of
gained filter mean lines could be seen that filter mean line gained with 2RC filter is
more sensitive on valleys and peaks than the mean line gained with Gaussian profile
filter. This is more expressed by increase of Ra value i.e. reduction of number of
valleys and peaks within same profile length. Same conclusion could be reached for
phase distortion of filter mean line determined with the 2RC profile filter. It could be
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clearly seen on Fig. 3 that mean line determined with 2RC profile filter has phase
distortion 1n terms of primary profile. In points 2.1 and 2.2 was concluded that the
mutual disadvantage of filter mean lines gained by Gaussian and 2RC profile filters is
tortion of profile ends. From Fig. 2 and 3 can be concluded that this occurrence is
highly expressed in casc when waviness participates in primary profile, Fig. 2. On
pmﬁlcs on Fig. 3 profile ends distortion does not occur, so in such cases profile
shortening in terms of primary profile is not necessary. The comparison of roughness
proﬁles gained by usage of Gaussian and 2RC profile filters clearly indicates that
large coinciding of profile forms exists. Largest deviation is noticed on Fig. 3 where
- the effect of phase distortion of 2RC profile filter starts to be prominent. This phase
_'_';_‘-!'-_dxstomon is continuous against whole profile length since a periodic profile is in
~question. On same figure can be also scen a height distortion of one in terms of other
~ roughness profile. The reason for such occurrence is hi gher sensitivity of 2RC profile
- filter on valleys and peaks in comparison with Gaussian profile filter. Such condition
~ of height distortion can mostly affect the position of mean profile line out of which
~ roughness parameters arc expressed, while as largest changes on parameters can be
~ expected on Rp, Rv and RSm. Profile presented on Fig. 4 is gained with real etalon
~ surface representative of machining with milling. It has periodic characteristic against
~ whole length with expressed high peaks and rounded valleys. Since waviness is not
- present in primary profile, cffects of distortions on ends of filter mean lines gained

~ with Gaussian and 2RC profile filters are completely excluded. Phase distortion and
igh sensitivity of 2RC filter on valleys and peaks has highest effect, which can be
een of the mutual comparison of roughness profiles on F ig. 4.

5. NEW FILTERING TECHNIQUES IN SURFACE METROLOGY

- Disadvantages of Gaussian and 2RC profile filters and their unwanted effects upon
\;":form of roughness profile, analyzed in upper examples, contribute to search for
.__._}_'-':'é]tcmatlve solutions and filtering techniques in surface metrology. So against [1,2]

~ new profile filters are developed: Zero order Gaussian regression filter, Second order
- Gaussian regression filter, Robust Gaussian regression filter, Spline filter, Robust
pline (draft international Standard) filter, Rk (Gaussian) filter, Rk (Spline) filter,
Aorphological, scale-space filter and Wavelets filter.

6. CONCLUSION

- Through analyzed real periodic surfaces the belief that filtration process has main
nd crucial role in determining of roughness profile form was verified. The parallel
etermination of Gaussian and 2RC filter mean line for one same primary profile and
cir mutual comparison provided following conclusions to be reached.

-Shortening start and end or only start of roughness profile for values A i.e. 2, in
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terms of primary profile is unjustified if a deterministic surface is in question on whicp,

waviness is not present.

-When waviness is not present, phase distortion of filter mean linc

#

gencrated by

means of 2RC profile filter can affect only when periodic profile characterizes with
a smaller number of valleys or peaks or when roughness profile has higher values for.

RSm.

-Sensitivity of filter mean lines gained by application of Gaussian and 2RC profile.
filter on deep valleys and peaks docs not affect periodic surfaces. Only by increasingf
value for RSm and using 2RC profile filter can expect certain vertical distortions of

roughness profile.

-Analysis of periodic real etalon surfaces demonstrated that there isn’t significant
difference between roughness profiles gained by application of Gaussian and 2RC

profile filter, which justifies the usage of both filters.

-The effect of cut-off size change i.c. filter size is not included in the analysis. It is
taken against recommendations provided in International and American standards.
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