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Specific Aspects of Roughness Measurement
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Abstract: The article deals with problems in determining the surface roughness of parts. The
arithmetic mean height of the roughness Ra is mainly monitored. This quantity is most often used
when defining the required surface quality of components. Assessment of surface roughness
is important in the production of parts, their assembly and their use. This article solves some
problems in the process of determining this quantity.
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1. Introduction

One of the possibilities of assessing the quality of the surface of the parts is to
monitor the roughness of the surface, which is formed by unevenness caused by the
technology of production and surface treatment. The roughness of the surface is an
important feature of the surface of the parts, which must be assessed to ensure the
functionality of the parts or to create surface treatments or for the aesthetic design
of the parts. There are several contact or non-contact methods for assessing surface
roughness. This article focuses on the contact method of assessing surface roughness
using a surface tester that produces a profile curve. Surface roughness values are
subsequently assessed on this profile curve. The process of obtaining the profile curve
of the surface as well as the subsequent evaluation is a relatively complicated process,
due to a large number of factors that influence these processes. These factories cause
great variability in the evaluated data, and wrong methodology results in incorrect
surface roughness assessment results [1-7]. There are a number of standards for these
surface roughness assessment processes [8-15].

Individual values of surface roughness are listed in EN I1SO 4287 [8] and EN ISO 5436
[11] standards, and these standards were later replaced by a set of ISO 21920-1, ISO
21920-2 and I1SO 21920-3 standards [12 — 14], where individual quantities are defined
and methodological guidelines for their determination and processing are given.

Foralongtime,individual surfaces for assessing surface roughness were categorized
into two large groups, namely periodic surface roughness profiles and non-periodic
surface roughness profiles. Non-periodic profiles are characterized by random addition
of surface unevenness on the obtained profile curve (for example, grinding, lapping
and polishing). For periodic profiles, the regular repetition of the unevenness caused
by the regular engagement of the cutting tool with a certain spacing (for example,
turning, milling, planing) is typical.

When assessing the quality of the surface, however, it is sometimes not known by
which technology the surfaces of the parts were obtained, so the standards of the ISO
21920 series [12 - 14] introduce a non-discriminatory assessment between periodic and
non-periodic surface profiles. The uniform methodology for choosing measurement
parameters is no longer influenced by the production technology, which simplifies the
process of assessing the quality of the surface of sub-particles.
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Figure 1: Surface tester with stylus tip for surface roughness
evaluation.

During the measurement, the stylus tip of the
surface roughness tester moves evenly across
the tested surface by shear, and the sensor part
then detects surface irregularities, which are later
processed by the evaluation unit in the form of
surface roughness values.

In this study, the focus is on the investigation of
the arithmetic mean height of the roughness Ra,
which is most commonly used for evaluating the
surface roughness of components.

2. Influence of Parameter Settings During
Measurement and Evaluation Ra

All available surface testers for determining
surface roughness values allow selection of the
cut-off value Ac (or the text equivalent Lc), selection
of the standard for evaluating surface roughness
values, selection of sensing tip (stylus) speed and
selection of other possible settings of measurement
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conditions. This fact complicates the accuracy of
measuring and determining surface roughness
values. Experience shows that the influence of
the choice of these settings can have a rather
fundamental effect on the obtained values of
surface roughness quantities.

In the standards [10, 14, 15], there are certain
recommendations for setting parameters for
measuring and evaluating surface roughness values
(Tab. 1 and 2), but these are linked to Ra values,
which need to be determined by this process
of measurement and evaluation. In many cases,
however, we do not know the value of Ra, which
should be realized on the examined surface by
the prescribed technological process. The value of
the quantity Ra must therefore be determined by
another method in order to be able to select the
Setting class (Tab. 2).

Table 1. Recommended measuring speed values for Lc
(15011562; 1SO 3274)

Cut-offAc (mm) Sensor feed speed (mm/s)
0.08 0.25;0.5

0.25 0.25;0.5

0.8 0.25;05

2.5 0.25;0.5;0.75

3. Experimental Determination of the Influence
of Setting the Measurement Parameters and
Determination of Surface Roughness Values

The significance of the influence of individual
settings on the process of determining the Ra value
can be determined experimentally using reference

Table 2. Setting classes - recommended settings for case of missing specification (ISO 21920-3)

Setting class Sc Scl s Sa3 Sc4 Sc5
Parameter Ra (um) Ra<0.012 0.012<Ra<0.006 0.06<Ra<1.2 1.2<Ra<6 Ra>6
Profile [-filter nesting index Nic 0.08 0.25 0.8 2.5 8
(cut-offAc (Lc) for R-parameters) (mm)

Evaluation length Im (mm) 04 1.25 4 12.5 40
Profile S-filter nesting index Nis 0.8 0.8 2.5 8 25
(cut-offAs) (um)

Maximum sampling 0.15 0.15 0.5 1.5 5
interval dx (um)

Maximum tip radius rtip (um) 2 2 2 5 10
Section length Isc (mm) 0.08 0.25 0.8 25 8
Number of sections nsc 5 5 5 5 5
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samples with known Ra values. Measurements of
surface roughness were carried out at individual
settings of the surface tester. The measurements
were carried out at the same place but with different
settings.

164

g 85 8

5 a8 8

5

Arithmetical mean roughness Ra (jm)

B

ANSI
ANSI PG
Gauss 75 IS19%4 ypa

Standard Speed

-4
Y

Arithmetical mean roughness Ra (um)
w

PN
5 N ® 0w

ANSIPC
L 025mmis
150 1897

Standard

Figure 2:Values of the arithmetic mean height of the roughness
Ra at different settings of the evaluation standard and speed
of movement of the sensing tip.

In fig. 2 shows the influence of the set speed of
the stylus measurement and the selected standard
for the evaluation of the surface roughness values
on the Ra value. The influence of stylus speed
and selection of standard was experimentally
investigated for two different samples of surface
roughness (fig. 2). Fromthis graphical representation,
it can be seen that the influence of the standard
and speed of the stylus is significant and cannot be
neglected. The selection of the evaluation standard
must be agreed with the customer who requires this
measurement. The stylus speed must be selected
according to table 1.

When measuring surface roughness, it is also
important to assess the effect of settings on the
variability of evaluated surface roughness values.
Ten measurements were performed with the
same settings at the same measurement location.
The degree of variability expressed in percentages
is shown in figure 3 for two different standard
surface roughness samples. It follows from these
measurements that even the selection of standard
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forassessing surface roughness hasanimpactonthe
evaluation results. With some standards, a significant
difference in variability is visible depending on the
evaluated sample. It is equally interesting to observe
the influence of the stylus speed on the variability of
the quantity Ra (fig. 4), where it can be seen that the
variability of the values of the quantity Ra decreases
with increasing stylus speed.

Influence of the selected speed on the variability of Ra at the selected evaluation
standard

Percentage variabllity of Ra (%)

JIs2001 1SO 1997

Standard
Figure 3: Variability of the arithmetic mean height of the
roughness Ra at different settings of the evaluation standard
during repeated measurements at the same measurement
location.

Influence of the choice of evaluation standard on the variability Ra for the selected
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Figure 4: Variability of the arithmetic mean height of the
roughness Ra at different settings of the speed of movement
of the sensing tip during repeated measurements at the same
measurement point.

From the point of view of the repeatability of
the measurement, the question of the number
of repeated measurements that will provide
the value of the quantity Ra with the desired
measurement uncertainty or standard deviation of
the measurement. For this purpose, measurements
were carried out at the same place with the number
of measurements (100 of measurements), while
after each carried out measurement the standard
deviation was evaluated. The course of these
deviations shows how this value changed for
individual technologies (fig. 5).
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Figure 5: The standard deviation of the measurement for increasing repeated measurements at the same place under the same

conditions for samples obtained by different production technologies.

This graph gives information on how many
measurements need to be made. A large number
of measurements increases the price of the
measurement, but this graph shows the optimal
number of measurements, when the standard
deviation of the measurement no longer improves
with  the increasing number of performed
measurements. From this graph (fig. 5) it follows that
the optimal number of measurements is 30, because
further repeated measurements do not significantly
improve the value of the standard deviation and
thus the uncertainty of the measurement.

4., Conclusions

The issue of surface roughness evaluation
is typical in that the results of this process have a
very high degree of variability and measurement
uncertainty, which is largely related to the used
technology for producing the surface of the part
under investigation. However, the setting of the
surface tester also has a great influence on the
resulting uncertainty of the measurement, which
was demonstrated by the experiments in this work,
and therefore it is necessary to focus increased
attention on these settings so that the results of the
assessment of surface roughness are not degraded
by inappropriate settings of the device and do
not contribute to the overall uncertainty of the
measurement.

It turned out that the problem is also that
the choice of settings is tied to the value of the
surface roughness value Ra, which in some cases
cannot be determined due to the absence of

drawing documentation. For this purpose, it will
be appropriate to develop a methodology and
equipment for the initial estimation of the surface
roughness quantity Ra.
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