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Foreword

ISO (the International Organization for Standardization) is a worldwide
federation of national standards bodies (ISO member bodies). The work of
preparing International Standards is normally carried out through SO
technical committees. Each member body interested in a subject for
which a technical committee has been established has the right to be
represented on that committee. International organizations, governmental
and non-governmental, in liaison with ISO, also take part in the work. ISO
collaborates closely with the International Electrotechnical Commission
(IEC) on all matters of electrotechnical standardization.

Draft International Standards adopted by the technical committees are
circulated to the member bodies for voting. Publication as an International
Standard requires approval by at least 75 % of the member bodies casting
avote.

International Standard ISO 3274 was prepared jointly by Technical Com-
mittees 1SOMC'B7; ‘Metrology and properties of surfaces, Subcommittee
SC 1, Geometrical parameters — Instruments and procedures for
measurement of. surface roughness and waviness, 1ISO/TC 3, Limits and
fits,iand, ISOMCN0isTechnical | drawings,/product definition and related
documentation;iSubcommittee SC 5, Dimensioning and tolerancing.

This second edition of ISO 3274 cancels and replaces the first edition
(ISO 3274:1975) as well as ISO 1880:1979, which have been technically
revised.

In particular it takes into account the nominal characteristics of contact
(stylus) instruments and their technical development. Modern instruments
use phase-correct filters according to ISO 115662.

Annexes A, B, C and D of this International Standard are for information
only.

Iii
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Introduction

This International Standard is a Geometrical Product Specification (GPS)
standard and is to be regarded as a General GPS standard (see
ISO/TR 14638). It influences chain link 5 of the chain of standards for
roughness profile, waviness profile and primary profile.

For more detailed information of the relation of this standard to other
standards and the GPS matrix model, see annex C.

Filters for profile meters according to ISO 3274:1975 were realized as a
series connection of two analog RC filters. This led to considerable phase
shifts in the transition of the profile and therefore to asymmetrical profile
distortions. The influence of this distortion on the parameters Ra and Rz
are normally negligible if the sampling lengths (cut-off wavelength)
according to 1SO 4288:1985 are-used.Therefore, ~analog, instruments
according to 1SO 3274:1975 or instrurments using 2RCfiltersimay be'used
for assessment of Ra and Rz (see anpnex_A). yHowever,. fory other
parameters the distortion is relevant.
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Geometrical Product Specifications (GPS) — Surface texture:
Profile method — Nominal characteristics of contact (stylus)
instruments

1 Scope

This International Standard defines profiles and the general structure of contact (stylus) instruments for measuring
surface roughness and waviness, enabling existing International Standards to be applied to practical profile
evaluation. It specifies the properties of the institument wihich influence profile evaluation and it provides the basics
of the specification of contact (stylus) instruments (profile meter and profile recorder).

NOTES

1 A data sheet dealing with characteristics of contact {stylus) instruments to be completed by the instrument makers is under
preparation and will be introduced’in'a'future standard on calibration’procedure’s.

2 The relationships between the waviness cut-off Af, tip radius and waviness cut-off ratio are under consideration and will be
added to this International Standard as an amendment.

2 Normative references

The following standards contain provisions which, through reference in this text, constitute provisions of this
International Standard. At the time of publication, the editions indicated were valid. All standards are subject to
revision, and parties to agreements based on this International Standard are encouraged to investigate the
possibility of applying the most recent editions of the standards indicated below. Members of IEC and ISO maintain
registers of currently valid International Standards.

ISO 4287:1996, Geometrical Product Specifications (GPS) — Surface texture: Profile method — Terms, definitions
and surface texture parameters.

ISO 4288:1996, Geometrical Product Specifications (GPS) — Surface texture: Profile method — Rules and
procedures for the assessment of surface texture.

ISO 5436:1985, Calibration specimens — Stylus instruments — Types, calibration and use of specimens.

ISO 115662:1996, Geometrical Product Specifications (GPS) — Surface texture: Profile method — Metrological
characteristics of phase correct filters.
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ISO 12085:1996, Geometrical Product Specifications (GPS) — Surface texture: Profile method — Motif parameters.

ISO 13565-1:1996, Geometrical Product Specifications (GPS) — Surface texture: Profile method, Surfaces having
stratified functional properties — Part 1: Filtering and overall measuring conditions.

ISO 13565-2:1996, Geometrical Product Specifications (GPS) — Surface texture: Profile method; Surfaces having
stratified functional properties — Part 2: Height characterization using the linear material ratio curve.

ISO 13565-3:—!), Geometrical Product Specifications (GPS) — Surface texture: Profile method,; Surfaces having
stratified functional properties — Part 3: Height characterization using the material probability curve.

For the purposes of this International Standard, the following definitions apply.

3.1 Profiles

3.1.1 traced profile: Locus of the centre of a stylus tip which features an ideal geometrical form (conical with
spherical tip) and nominal dimensions with nominal tracing force, as it traverses the surface within the intersection
piane.

NOTE — This is the profile from which all other profiles defined in this International Standard are derived.

3.1.2 reference profile: Trace on which the probe is moved within the intersection plane along the guide.

NOTE — The shape of the reference profile_is thé practical/ realization [of la\theoretical.exact profile. Its nominai deviations
depend on the deviations of the guide as well as on external and internal disturbances..

3.1.3 total profile: Digital form of the traced profile relative to the reference profile, with the vertical and

horizontal coordinates assigned to each other.

NOTE — The total profile is characterized by the vertical-and horizontal digital:steps.

3.1.4 primary profile: Total profile after application of the short wavelength filter, As.

NOTES

1 The primary profile represents the basis for digital profile processing by means of a profile filter and calculation of the profile
parameters according to I1SO 4287. It is characterized by the vertical and horizontal digital steps which may be different from

those of the total profile.

2 The best fit least squares form of the type indicated in the specification is not part of the primary profile and should be
excluded before filters are applied. For a circle, the radius should also be included in the least squares optimization and not
held fixed to the nominal value.

3 The nominal form is removed before the primary profile is obtained.

3.1.5 residual profile: Primary profile obtained by tracing an ideally smooth and flat surface (optical flat).

~NOTE — The residual profile is composed of the deviations of the guide, external and internal disturbances, as well as
deviations in profile transmission. The determination of the causes of the deviations is not normally possible without special
equipment and a suitable environment.

3.2 stylus instrument: Measuring instrument which explores surfaces with a styius and acquires deviations in
the form of a surface profile, calculates parameters and can record the profile (see figure 1).

NOTE — The diagram as shown represents only the essential operators required in a theoretically exact measuring system.

The specific inter-relationship of operators may be subject to design considerations. Therefore figure 1 should not be
considered as the only form of theoretically exact configuration.

1) To be published.
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Figure 1 — Schematic representation of a stylus instrument
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3.2.1 displacement sensitive, digitally storing stylus instrument: Stylus instrument whose profile presentation
contains deviations including !ong rvave components and set-up deviations.

tored and, if filtered, is phase-correct filtered. Parameters are digitally calculated and the

system excl |H|nn deformation.

Yy oLoi SOV IO L} 1auod

3.3 Styius instrument components

3.3.1 measurement loop: Closed chain which comprises all mechanical components connecting workpiece and
the stylus tip, e.g. positioning means, workholding fixture, measuring stand, drive unit, probe (pick-up). (See
figure 2.)

NOTE — The measuring loop is subjected to external and internal disturbances and transmits them to the reference profile.
The influence of these disturbances depends on the individual measuring set-up, the measuring environment and the skill of
the user. The disturbances influence the residual value to a great extent.

3.3.2 reference guide: Component which generates the intersection plane and guides the probe in it on a
theoretically exact geometrical trace (reference profile), generally in a straight line.

3.3.3 drive unit: Component which moves the probe along the reference guide and transmits the horizontal
position of the stylus tip in the form of a horizontal profile coordinate.

NOTE — Drive units are characterized by the longest selectable tracing, length:

Column ——

Measurement Loop

Probe (pick-up) ——

— Drive unit

Stylus

Workpiece

Fixture

Figure 2 — Example of measurement loop of a stylus instrument
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3.3.4 probe (pick-up): Component which contains the tracing element with the stylus tip and the transducer.
3.3.5 tracing element: Element which transmits the stylus tip displacement to the transducer.

3.3.6 stylus tip: Element which consists of a nominally right, circular cone of defined cone angle and of a
nominally spherical tip of defined radius.

NOTE — Itis a very important element in profile acquisition when employing stylus instruments.

3.3.7 transducer: Device which converts the vertical coordinates of the traced profile referred to the reference
profile into the signal form used in the instrument.

NOTE — The transducer does not cause an intentional profile modification.

3.3.8 amplifier: Device which effects signal transformation in the instrument without causing any intentional
profile modification.

3.3.9 analog-to-digital converter (ADC): Device which converts the signal form existing in the instrument into
digital values.

NOTE — Together with the corresponding horizontal coordinates, these values form the total profile. The ADC does not
cause any intentional profile modification.

3.3.10 data input: Data interface that the instrument may have which allows input of one or more types of profile
from an external computer.

3.3.11 data output: Data interface that the instrument may have which allows output of one or more types of
profile to an external computer.

3.3.12 profile filtering and evaluation: Operations carried out on the primary, roughness and waviness profiles

by means of parameters and characteristic functions according to ISO 4287, ISO 11562, ISO 12085, 1SO 13565-1,
ISO 13565-2 and ISO 13565-3,

NOTE — The nominal value of the sampling length'is‘equal’'to’the Waveléngth cut-off Ac.

3.3.13 profile recorder: Recorder that the instrument may have which allows output of one or more types of
profile and/or parameter value.

3.4 Metrological characteristics of the instrument
3.4.1 static measuring force: Force exerted by the stylus tip when in its mean position as it rests on the surface.

3.42 change of static measuring force: Change of measuring force which occurs when the stylus tip is
displaced.

NOTE — Normally this change is proportional to the displacement.

3.4.3 dynamic measuring force: Force resulting from the acceleration of the stylus tip when continuously tracing
the surface.

NOTE — These dynamic measuring forces are superimposed on the static measuring force.

3.4.4 hysteresis: Difference between the indicated stylus tip displacements for the same actual stylus tip
displacement when the stylus tip moves inward and outward.
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3.45 transmission function for sine waves: Function which, for a given tracing speed, depends both on the
wavelength and on the amplitude of the profile to be measured.

NOTES

1 In order to denote the transmission behaviour, the smallest sine wavelength (groove interval) which can still be transmitted
within given limits of permissible error may be stated for different traverse speeds and a given amplitude.

2 The transmission function of the probe is dependent on the probe configuration used and will change for a given instrument
if the probe configuration is changed.

3.4.6 measuring range of probe: Vertical range over which the stylus tip and the transducer can acquire
displacements within certain limits of permissible error and convert them to signals appropriate for digitization.

3.7.4 measuring range of instrument: Vertical range over which the instrument can acquire displacements
within certain limits of permissible error, convert them to signals appropriate for digitization and digitize them.

3.4.8 quantization step of the ADC: Displacement corresponding to the least significant change in the ADC
reading.

3.4.9 instrument resolution: Quantitative expression of the ability of the instrument to distinguish meaningfully
between closely adjacent positions in the primary profile.

3.4.10 range-to-resolution ratio: Ratio of the measuring range to the instrument resolution.

NOTE — For instruments having several measuring ranges, the range-to-resolution ratio is calculated for each measuring
range individually. Consequently, the range-to-resolution ratio is not the ratio of the largest measuring range to the instrument
resolution of the smallest measuringsrange:

3.4.11 probe linearity deviation: Deviation; of ithe(actual characteristia curve from the straight line (or nominal
characteristic curve) in the measuring range.

3.4.12 short-wave transmission limitation: Limitation formed by the low pass filter As which separates out the
short-wave signal components of the ‘total profile” which by definition do not belongto the primary, roughness or
waviness profiles.

NOTE — It is defined in 1ISO 4287. The low pass filter can be engineered as a digital filter.

3.4.13 vertical profile component transmission: Transmission characteristic which indicates the amount by
which the amplitude of a sinusoidal profile at the transducer is attenuated in the primary profile as a function of its
wavelength.

NOTE — Nominally the wavelength transmission characteristic has the form of the low pass filter according to ISO 11562. It
is realized by means of the transducer, amplifier, band limiter and ADC. They do not lead to a profile modification in the
passband of wavelengths. The vertical profile transmission can contain other components correcting the primary profile, e.g.
alignment corrections, corrections of systematic deviations of the guide, linearity compensation of characteristic curves, etc.

3.4.14 horizontal profile position transmission: Ratio of the difference between the horizontal coordinates of
arbitrary position on the total profile to the difference between the corresponding horizontal coordinates of the
stylus tip.

3.4.15 deviations of the horizontal position transmission: Difference between the real horizontal profile
transmission and the nominal horizontal profile transmission.

3.4.16 ‘deviations of the profile transmission of the primary profile: Deviation between the real profile
transmission characteristic of the instrument and the theoretically exact profile transmission of the short-wave
band limitation according to ISO 11562.

NOTES

1 In the pass band, the profile transmission is identical to the transmission of static stylus tip deflections.
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2 The profile transmission limitations of the analog stage of the instrument (which usually consist of the frequency limitations
of the mechanical parts of the instrument, the amplifier and the ADC) are included in this deviation. Because these limitations
are frequency related, they will appear differently as the instrument is used at different tracing speeds, being most severe at
high tracing speeds.

3.4.17 zero point drift: Change of indicated zero point of the instrument at constant ambient temperature and
unchanged stylus position.

ged U

NOTE — A slow unidirectional rate of zero drift has negligible effect on the profile acquisition and none at all on the
roughness filtered profile. A cyclical drift may be tolerated for the assessment of the roughness filtered profile, but the drift
may have effects on the primary and subsequently obtained waviness filtered profile.

H H H H H . [IN + g +4 +lhaa
3.4.18 vertical linearity deviation: Overall lin om the styius to the p
Int

y I
vertical transmission characteristic curve from a linear regression line in the vertical direction.

3.4.19 profiie fiiter deviation: Transmission deviation for aii waveiengths of the component that are to be used.

3.4.20 profile evaluation deviation: Difference between the value obtained when applying the actual algorithm
and the true value for a profile, e.g. the instrument derivation and the true value of the profile from a calibrated
specimen such as type D according to ISO 5436.

NOTE — The true value for a parameter is the value which is obtained when the ideal algorithm for that parameter is applied
to the same roughness standard profile.

3.4.21 total deviation of the stylus instrument: Difference, for a defined parameter, between the value
determined when evaluating a surface using the given instrument and the true value.

NOTE — The true value is the vaiue obtained using an ideai instrument as defined in this International Standard.

3.4.22 deviation of the profile recording: Deviation from the digital primary profiles for roughness or waviness
and the corresponding output on graphic printers,-plotters'and monitors.

NOTE — The horizontal and vertical coordinates;of the digital profiles)are directly mapped into the pixel coordinates with
respect to Vi, and V},. The deviations in both coordinates should be smaller than the pixel spacing of the output device.

Additional deviations such as linearity, hysteresis, amplitude and phase errors or overshoots do not occur. The transmission
deviations of the recording are practically those of the primary, roughness and waviness profiles.

4 Nominal values for instrument characteristics
4.1 Stylus geometry

The ideal stylus shape is a cone with a spherical tip.
The nominal dimensions are as follows:

— Tip radius: rjp = 2 um, 5 um, 10 pm;
— Cone angle: 60°, 90°.

If not otherwise specified for the "ideal” instrument, cone angle 60° applies.

4.2 Static measuring force
The nominal value of the static measuring force at mean position of the stylus is 0,000 75 N.

The nominal rate of change of measuring force is 0 N/m.
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