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Foreword

2018(E)

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 ISO 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.

THe procedures used to develop this document and those intended for its further maintelllance are

dgscribed in the ISO/IEC Directives, Part 1. In particular the different approval criteriatieed
different types of ISO documents should be noted. This document was drafted in accordancd
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Afttention is drawn to the possibility that some of the elements of this document may be the
pdtent rights. ISO shall not be held responsible for identifying any or all such*patent rights.
arly patent rights identified during the development of the document willhe in the Introducti
or] the ISO list of patent declarations received (see www.iso.org/patents).

Any trade name used in this document is information given for the convenience of users and
copnstitute an endorsement.

Far an explanation on the voluntary nature of standards,»the meaning of ISO specific t
expressions related to conformity assessment, as wellsas information about ISO's adheren
Wprld Trade Organization (WTO) principles in the Techinical Barriers to Trade (TBT) see the
URL: www.iso.org/iso/foreword.html.

This document was prepared by Technical Committee ISO/TC 39, Machine tools, Subcommi
Tefst conditions for metal cutting machine tools;

A list of all parts in the ISO 230 series caribe found on the ISO website.

bd for the
with the
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Details of
bn and/or

does not

brms and
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Introduction

The purpose of this document is to provide information for instruments and equipment for testing
machine tools as specified in the ISO 230 series (except ISO 230-5 and ISO/TR 230-8), and in machine-
specific standards of ISO/TC 39/SC 2, test conditions for metal cutting machine tools.

The main parts of this document have been transferred from ISO 230-1:1996, Annex A, which is no
longer part of ISO 230-1. Newly developed measuring instruments, like special purpose measuring
instruments in Clause 12, have been added to this document as well as special application examples in
Clause 13¢

The concé¢pt of measuring uncertainty has been implemented. Uncertainty contributors for measuripng
instrumepts and measuring procedures are listed in Annex D to improve reliability of test results.|In
addition, [Annex A addresses checking devices for instruments applied in the workshop and ‘Anney C
addresse$ influences of supporting systems.

Additiongl information for existing ISO and national standards for measuring equipment is included|in
Annex B.

This docyment and I1SO 230-1:2012 together cover the entire content of 1SQ-230-1:1996, with updated
instrumehts and concepts.

vi © ISO 2018 - All rights reserved
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TECHNICAL REPORT ISO/TR 230-11:2018(E)
Test code for machine tools —

Part 11:

Measuring instruments suitable for machine tool
geometrv tests

1| Scope

The aim of this document is to document the characteristics of precision measuring instruments for
testing the geometric accuracy of machine tools, operating either under no-load-or under qyasi-static
copditions.

Whhere necessary, reference is made to the appropriate International Standards.

Th
nd
ch
m
dd

TH
ch
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ac

T}

3

e measuring instruments for operational testing of machine“tools [vibrations (ISO/T
ise (ISO 230-5), stick-slip motion of components, etc.] as wellas instruments for checkin
aracteristics of machine tools (speeds, feeds, temperaturej.are not covered in this docu
basuring instruments for checking of workpiece geometry [(size, form, etc.) are not coverg
cument either.

is document has list style construction for ease of'search and identification of each ins
aracteristics.

urces of uncertainty of instruments and .measurements are described in this document
curate measurement procedures.

Normative references

ere are no normative references in this document.

Terms and definitions

Far the purposes of this document, the following terms and definitions apply.

IS

D and IEC maintain terminological databases for use in standardization at the following add

[SO Odline browsing platform: available at https://www.iso.org/obp

[EC\Electropedia: available at https://www.electropedia.org/

R 230-8),
b of other
hent. The
d by this

[rument’s

for more

resses:

3.

calibration
operation that, under specified conditions, in a first step, establishes a relation between the quantity
values with measurement uncertainties provided by measurement standards and corresponding
indications with associated measurement uncertainties, and in a second step, uses this information to
establish a relation for obtaining a measurement result from an indication

Note 1 to entry: A calibration may be expressed by a statement, calibration function, calibration diagram,
calibration curve, or calibration table. In some cases, it may consist of an additive or multiplicative correction of
the indication with associated measurement uncertainty.

Note 2 to entry: Calibration should not be confused with adjustment of a measuring system, often mistakenly
called “self-calibration”, nor with verification of calibration.

© ISO 2018 - All rights reserved
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Note 3 to entry: Often, the first step alone in the above definition is perceived as being calibration.

[SOURCE: JCGM 200:2012, 2.39]

3.2

measuring range
set of values of measurands for which the error of a measuring instrument is intended to lie within
specified limits

Note 1 to entry: Error is determined in relation to a conventional true value.

[SOURCE

3.3

accuracy
closeness

Note 1 to
value. A m

Note 2 to

Note 3 to €
quantity v

[SOURCE

3.4

linearityj
degree of
signall20]

3.5

repeatab
measuring precision under a set of repeatability conditions of measurement

Note 1 to g

redud
the s3
the s4
the s4

the sg

ISO 14978:2006, 3.36]

of agreement between a measured quantity value and a true quantity value of a heasurang

entry: The concept “measurement accuracy” is not a quantity and is not given amuimerical quant
easurement is said to be more accurate when it offers a smaller measurement erpor:

entry: The term “measurement accuracy” should not be used for measurepnient trueness and the tef
“measuremnent precision” should not be used for ‘measurement accuracy’, which, hawever, is related to both thg
concepts.

ntry: “Measurement accuracy” is sometimes understood as closeni€ss of agreement between measur
plues that are being attributed to the measurand.

JCGM 200:2012, 2.13]

insignificance on deviation from the linearirelation between the input signal and the outp

ility

ntry: These conditions include

tion to a minimum of the variations due to the observer,
me measurement procedure,

me observer,

me measyring equipment, used under the same conditions,

me location, and

ut

repet

tion over a short period of time.

Note 2 to entry: Repeatability can be expressed quantitatively in terms of the dispersion characteristics of the
indications.

3.6

frequency response
a state where the amplitude ratio of an output signal to the input signal and the phase difference
between the two are varied as a function of sinusoidal input signal frequency[20]

3.7

measuring force
<load> force applied by the stylus of an indicator or recorder to the feature being measured

© ISO 2018 - All rights reserved
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3.8
operating environment
atmosphere or environment in which the object is placed during testing[20]

3.9
stability
property of a measuring instrument, whereby its metrological properties remain constant in time

Note 1 to entry: Stability may be quantified in several ways.

E

AMPLE 1 In terms of the duration of a time interval over which a metrological property changes

stg
EX
S

w

J0

ted amount.
AMPLE 2 In terms of the change of a property over a stated time interval.

DURCE: JCGM 200:2012, 4.19]

a6

Ng

Ng
or

gll;lrection
pensation for an estimated systematic effect

J1

J2

J3

te 1 to entry: See ISO/IEC Guide 98-3:2008, 3.2.3, for an explanation of “Systematic effect”.

te 2 to entry: The compensation value(s) can take different forms, suchyas a constant addition or mul
multiple values obtained from a table.

DURCE: JCGM 200:2012, 2.53]

pasuring instrument
vice used for making measurements, alone or in conjunction with one or more supplementaf

te 1 to entry: A measuring instrument that can,be used alone is a measuring system.

DURCE: JCGM 200:2012, 3.1]

pasuring transducer
vice, used in measurement;ithat provides an output quantity having a specified relation to
antity

DURCE: JCGM 200:2012, 3.7]

pasuring system

sembled.and adopted to give information used to generate measured quantity values within|
fervals-for quantities of specified kinds

[S

DURCE: JCGM 200:2012, 3.2]

3.14

se

nsor

essthana

iplication,

y devices

the input

L of one or 'ore measuring instruments and often other devices, including any reagent and supply,

specified

element of a measuring system that is directly affected by the phenomenon, body or substance carrying
the quantity to be measured

EXAMPLE

Sensing coil of a platinum resistance thermometer, rotor of a turbine flow meter, Bourdon tube of

a pressure gauge, float of a level-measuring instrument, photocell of a spectrometer, thermotropic liquid crystal
which changes colour as a function of temperature.

Note 1 to entry: In some fields, the term “detector” is used for this concept.

[SOURCE: JCGM 200:2012, 3.8]

© ISO 2018 - All rights reserved
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3.15

detector

device or substance that indicates the presence of a phenomenon, body, or substance when a threshold
value of an associated quantity is exceeded

EXAMPLE Halogen leak detector, litmus paper.
Note 1 to entry: In some fields, the term “detector” is used for the concept of sensor.

[SOURCE: JCGM 200:2012, 3.9]

3.16
sensitivity
quotient ¢f the change in the indication of a measuring system and the corresponding change in‘a value
of a quantity being measured

Note 1 to ¢ntry: Sensitivity of a measuring system can depend on the value of the quantity being.measured.

Note 2 to ¢ntry: The change considered in a value of a quantity being measured needs to b@large compared wjth
the resolution.

[SOURCE]JCGM 200:2012, 4.12]

3.17
resolutidn
smallest fhange, in a quantity being measured that causes a per¢eptible change in the correspondipg
indication

Note 1 to gntry: Resolution can depend on, for example, noise (intéynal or external) or friction. It can also depejnd
on the valjie of a quantity being measured.

[SOURCE]JCGM 200:2012, 4.14]

3.18
instrume¢ntal drift
continuoys or incremental change over time)in indication, due to changes in metrological properties|of
a measurjng instrument

Note 1 to ¢ntry: Instrumental drift is yelated neither to a change in a quantity being measured nor to a changg of
any recoghized influence quantity.

[SOURCE{JCGM 200:2012, 421}

3.19
optical njeasuring instrfument
instrumepts, measunring physical, geometrical or material properties based on optical principles, sulch
as photometry, interferometry, geometrical optics, holography, or refractometry[14],

EXAMPLE one-coordinate and multi-coordinate measuring machines, surface-measuring instrumerts,
numerical]l meéasuring instruments for machine control, autocollimators, telescopes, contour-measuring
instruments.

3.20

maximum permissible error

MPE

<for a metrological characteristic> extreme value of an error of a metrological characteristic permitted
by specifications, regulations, etc. for a given piece of measuring equipment

[SOURCE: ISO 14978:2006, 3.21, modified — The domain has been added and “errors” has been changed
to “error”.]

4 © ISO 2018 - All rights reserved
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3.21

measuring precision

closeness of agreement between indications or measured quantity values obtained by replicate
measurements on the same or similar objects under specified conditions

Note 1 to entry: Measurement precision is usually expressed numerically by measures of imprecision, such as
standard deviation, variance, or coefficient of variation under the specified conditions of measurement.

Note 2 to entry: The specified condition can be, for example, repeatability conditions of measurement, intermediate
precision condition of measurement, or reproducibility condition of measurement (see ISO 5725-1. 1994).

Ndte 3 to entry: Measurement precision is used to define measurement repeatability, intermediate mefsurement
precision, and measured reproducibility.

Ndte 4 to entry: Sometimes “measurement precision” is erroneously used to mean measurement’accuiacy.

[SPURCE: JCGM 200:2012, 2.15]

4| Preliminary remarks

4.1 Measuring units

The units for the following features are:

— displacement, distance and linear deviations: mm or pm;
— angles: degrees or a ratio;

—{ angular deviation: pum/m or " (arc seconds); ahd

—|{ linear compliance: um/N.
4.2 Uncertainty of measuring instrument

4.2.1 General

Uncertainty of measuring instrument is a component of combined measurement urlcertainty
(JEGM 200:2012, 4.24). The instrument uncertainty should be small enough to assess the system
pdrformance. The uncertainty of the measurement including the instrument uncertainty g$hould be
considered according®o 1SO 14253-1 (“decision rules”) when it is used to check system performance
against specifications. However, if the measurement uncertainty is less than 10 % of the spécification
lirhit, it is common industrial practice to decide on the conformance or non-conformance baged on the
inflicated measurement value.

Measuring equipment should not be used until it has been allowed to stabilize at thg ambient
température, and stability maintained during the test procedure.

Care should be taken to prevent disturbance to the equipment caused by vibrations, magnetic fields,
electrical interference, etc.

General uncertainty contributors are indicated in Table 1 (see also ISO 14253-2). Annex D describes
relationship between the instruments and uncertainty contributors. Simple explanation of uncertainty
contributors related to the measuring instruments and set-up procedures are described in the following
clauses.

© IS0 2018 - All rights reserved 5
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Table 1 — List of uncertainty contributors

1. Environment

2. Measuring equipment

Absolute temperature (4.2.2.1)

Stability (4.2.3.1)

Temperature spatial gradient (4.2.2.2)

Scale mark quality (4.2.3.2)

Temperature time variance (4.2.2.2)

Temperature expansion coefficient (4.2.3.3)

Vibration/noise (4.2.2.3)

Thermal conductivity (4.2.3.4)

Humidity (4.2.2.4)

Uncertainty of the calibration (4.2.3.5)

Contamination (42 2 '2)

Resolution of the main scale (nnnlngnp or digifql)

(4.2.3.6) QY

Ambient pressure (4.2.2.6)

Time since last calibration (4.2.3.7) AQ'\

Supply aif pressure (e.g. air bearings) (4.2.2.10)

Air comp¢sition (4.2.2.7) Magnification, electrical or mechanical (4.

Air flow (§.2.2.7) Wavelength error (4.2.3.9) A
Gravity (4.2.2.8) Zero-point stability (4.2.3.10) (\(b\)
Electromyignetic interference (4.2.2.9) Measuring force stability/absol/u@..fo‘{ce (4.2.3.11)

Hysteresis (4.2.3.12) ,_\\

Heat radiption (4.2.2.11)

Probe system, Tip radius @9\1‘141 deviation of tip
(4.2.3.13)

Instrumept thermal equilibrium (4.2.2.12)

Stiffness/rigidity (4.2 @14)

Linear coeff1c19q®r thermal expansion (4.2.3.15)

TemperaturQQt‘ﬁblllty/sen51t1v1ty (4.2.3.16)

Parallaxeé‘@lzz 3.17)

Intergq&’lon system, error wavelength (4.2.3.18)

In@:)?;lation resolution (4.2.3.19)

3. Measufement setup and procedure

:ggﬁoftware and calculations

Cosine erfors and sine errors (4.2.4.1) \O Rounding/Quantification (4.2.5.1)

Abbe principle (4.2.4.2) ,‘(-\){‘ Algorithms (4.2.5.2)

Temperatjure sensitivity (4.2.4.3) C)\\ Sampling (4.2.5.3)

Stiffness/rigidity (4.2.4.4) N\ Filtering (4.2.5.4)

Stiffness ¢f the probe system (%O\\ Correction of algorithm/Certification of algorithm

(4.2.5.5)

Optical aperture (4.2.3.6) ,.p :

Interpolation/extrapolation (4.2.5.6)

Interactidgn between stand@\'aﬁd setup (4.2.4.7)

Warmingjup (4.2.4.8) n_o./

Conditionfing (4.2.4.9 p‘

Number ofmeasQ&\r?e'nts (4.2.4.10)

Order ofmea,@%?nents (4.2.4.11)

Duration aﬁﬁe‘asurements (4.2.4.12)

Alignment (4.2.4.13)

Choice of reference — reference item (standard)
(4.2.4.14)

Choice of apparatus (4.2.4.15)

Strategy (4.2.4.16)

Fixturing (4.2.4.17)

Number of points (4.2.4.18)

Probing principle and strategy (4.2.4.19)
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Table 1 (continued)

2018(E)

Alignment of probing system (4.2.4.20)

Reversal measurements (4.2.4.21)

M

ultiple redundancy, error separation (4.2.4.22)

4.2.2 Environment factors

4.2.2.1 Reference temperature

St
th
in
be

Se

Th
m
in
ch

Vi
di
af
th

4,
Le

hndard reference temperature for machine tool measurements is 20 °C (see ISO 1). Deviat
is temperature, either in absolute terms or due to temporal and spatial temperature ghadien
linear expansion and/or bending of the measuring equipment, the measurement set-up and

ing measured. The influence of temperature deviations on the length is given by Formula (1

AL=ATxaxL

lere

AT is the relevant temperature deviation from 20 °C;

a isthe temperature expansion coefficient of the material;

L isthe effective length under consideration (see ISO© 14253-2:2011, 8.4.8.1).
e also 4.2.3.3 and ISO/TR 16015.

.2.2.2 Temperature gradient/variance

e existence of temperature gradients imiplies that portions of the environment will not be at
pan temperature such that the consequences of mean temperatures other than 20 °C will bd
different locations in a room. Additional complexity is created when these temperature
ange in time (see also ISO 230-3:2007, Annex D).

.2.2.3 Vibration/noise

bration/noise from ifntérnal of machine tool system under test or from external sources causg
splacement between/the measuring instrument and the target machine surface. Such vibr
fects the supporting device of the instrument. Acoustic noise sometimes excites vibration tH
e instrument (see also ISO/TR 230-8).

P.2.4 Humidity

ngth.measurement using laser interferometer is affected by the change of the laser wavelg

to

ons from
s, results
the object

).
(1)

the same
different
oradients

srelative
htion also
at affects

bngth due

in

the r‘hangn inthe relative hnmidify of air-in which the laser beam passes Eor pvamp]n, 30

relative humidity of air causes 1 um/m change in length measurement.

4.2.2.5 Contamination

Do change

Dust, rust, oil, chemical materials and other unwanted small particles in the workshop can disturb
precise contact between the instrument and target work surface. Surface contamination on optical
parts can affect optical performance such as polarization, wavelength change, etc.
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4.2.2.6 Ambient pressure

Length measurement using laser interferometer is affected by the change of the laser wavelength due
to the change in pressure of air, in which the laser beam passes. For example, 330 Pa change in absolute
air pressure causes 1 um/m change in length measurement.

4.2.2.7 Air flow/air composition

The flow rate and velocity of the ambient air are of prime importance in the control of temperature
variation and temperature gradients of the machine components. Also, such air characteristics affect
the waveJength of the Iaser and, consequently, the Tength measurement when laser interferomefer
is used. The local air density change directly influences the length unit (see 4.2.2.4, 4.2.2.6 and also
ISO 230-3:2007, Annex D).

4.2.2.8 |Gravity
See 4.2.3/14.

4.2.2.9 |[Electromagnetic interference

Electrompgnetic fields induced by surrounding power electronic facilities €ah contaminate the accuraty,
stability and instrumental drift of an electronic measuring instrument.‘Sensors using magnetic effg¢ct
such as s¢ale, limit sensor, and inductive gauges can be influenced. Itean affect sensor itself, connectipg
cable, amplifier and power source.

4.2.2.10 |Supply air pressure (air bearing)

Air gaugg, linear motion instruments with air bearing.are operated by pressurized supply air in the
workshop. The variance of air pressure can influence;the air gauge stability, gap of air bearings, apd
motion agcuracy. Content of moisture in the supply-air can also induce rust.

4.2.2.11 |Heat radiation

Heat geng¢rated by the machine environment can affect the measuring instrument and its supportipg
system. Sjuch radiation can be guarded by a reflective material cover such as an aluminium sheet.

4.2.2.12 |Instrument thermal.equilibrium

Temperafure of the instrunient placed on the target surface of the machine should be as close as possilple
to the mdchine temperature. The difference between these induces local deformation of instrument,
thermally-induced changes in readings, etc.

4.2.2.13 |EVE (Environmental Variation Error)

ental variation (such as temperature variation, air density variation, ground vibratign)
S Fe—easttremen deviee—andfor fre—mrachine 06 vysivivry s ‘2-": "v‘G‘““
variation error (EVE) (see also ISO/TR 230-9:2005, C.2.5). This environmental variation error (EVE)
can be checked by setting up the measurement equipment on the machine tool under test and looking
at the change of readout during the time necessary to do the test. The location of EVE test is selected in
order to recognize the largest influence from EVE on the geometrical test concerned. Figure 1 shows an
example of EVE on laser angle measurement. The data indicate the variance within 120 seconds. The
total EVE value is about 1 arc-second (see 4.2.2.2, 4.2.2.3,4.2.2.6 and 4.2.2.7).
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Figure 1 — Example of EVE by laser angle measurement

4.2.3 Measuring equipnient factors

4.2.3.1 Stability
See 3.9.

4.2.3.2 Scale mark quality

The guality of a scale mark used for reading a value affects the accuracy. If the scale mark is nof clear, the
repding stability is contaminated and the total accuracy decreases (see also ISO 14978:2006, 8.28.11).

4.2.3.3 Coefficient of thermal expansion

This coefficient should be given as an "effective coefficient of thermal expansion” relevant to the effect of
temperature on the geometrical characteristic represented by the material measured. The uncertainty
of the stated value should also be provided (see ISO 14978:2006, 6.4.5).

4.2.3.4 Thermal conductivity

Differences of components' thermal conductivity can induce local deformation in the measuring
instrument. Even if both temperature expansion coefficients are the same, the mass of components
should be considered during temperature changes, as different mass can cause different temperature
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of components before reaching thermal equilibrium. It is possible thermal equilibrium not be reached
if there is relevant environmental thermal variation and if the thermal time constants of elements
engaged are significantly different.

4.2.3.5 Uncertainty of the calibration

Quality of calibration procedures should be high enough to minimize the uncertainty of measurement.
Even if the resolution of an instrument is high, its reliability depends on the calibration integrity.

4.2.3.6 Resolution ofthe main scale (:\nnlngnp or digifnl)

Resolutiopn of the main scale should be fine enough to maintain the adequate sensitivity to change|in
measured value.

4.2.3.7 |Time since last calibration

If the calibrated instrument is not stable, the calibration is valid only for a limited,pefiod of time. The
latest caljbration date should be clearly recorded and reported.

4.2.3.8 |Magnification, electrical, mechanical, or optical

Small displacement values are magnified mechanically, electronically’or-optically to easily identify the
values. Mpgnification accuracy of the measuring instrument influences the final reading.

4.2.3.9 [Wavelength error

If a measjring instrument uses wavelength, i.e. optical, idtrasonic and electro-magnetic, as its length
scale, wavelength error directly affects the measurement result. Calibration of wavelength should
be condufted at certain intervals. It should be noted’that the wavelength of the laser beam depenids
on the rdfractive index of the air through which™it passes. Since the refractive index of air varijes
with temperature, pressure and relative humidity, the wavelength value used to compute, it can pe
necessary to compensate the measured lengthvalues for changes in these environmental parametefs.
For example, 1 °C change in ambient air temperature causes 1 pm/m error in length measurement.

4.2.3.10 |Zero-point stability

Relative displacements are detected by movement of scale referring to zero-point or reference point] If
zero-poirft moves from statipnary position, this motion causes measurement uncertainty.

4.2.3.11 |Measuring force stability / absolute force

Standard|referencecondition for machine tool measurements is zero measurement force. The effect pn
errors anfd uncexrtainty of length measurement by non-zero force is caused by elastic and, in some casgs,
also plastic deformation of the measurement equipment, the measurement set-up and the measuripg
object. Edpeeially, the effect on the contact geometry between measuring equipment and measuremgnt
object shoutdbenvestigated (See SO 14253=272011, 848727

4.2.3.12 Hysteresis

It is the property of measuring equipment, or a characteristic whereby the indication of the equipment
or value of the characteristic depends on the direction of the preceding stimuli. Hysteresis can
also depend, for example, on the distance travelled after the direction of stimuli has changed (see
[SO 14978:2006, 3.24).

4.2.3.13 Probe stylus system, tip radius, form deviation of the tip

In a contact-type measuring system, shape, form and size of the contact element affect real contact
point calculation. These values are calibrated beforehand.
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4.2.3.14 Stiffness/rigidity

If components that directly transfer displacement to the measuring transducer system lack stiffness
or rigidity against force generated by displacement, linearity between real displacement and sensed
value differs. In artefacts such as a straightedge, gravity and measuring force induce natural sag and
deformation. These values induce form error of the reference artefacts.

4.2.3.15 Linear coefficient for thermal expansion

Materials used in measuring systems have unique thermal expansion coefficients. If the temperature
of[the Tnstrument is different from 20 °C, components of the instrument that have differenft thermal
exlpansion coefficients expand differently, and these differences induce different measuring ttansducer
magnification values.

4.2.3.16 Temperature stability/sensitivity

If p measuring system uses material/design other than non-expansion material/design, the measuring
system is affected by temperature changes induced by external or internalieat generation.

4.2.3.17 Parallaxes

If p measuring system has a user interface requiring human reading/interpretation of the output such
as|a vernier calliper or a micrometer, then the distance betweeh master scale and the pointer generates
a feading error due to the distance between human eyes.

4.2.3.18 Interpolation system

Bdsic scale pitch resulting from the wavelength generated by optical, magnetic, or electrical means has
a limitation of not having adequate resolutionz Therefore, these basic pitches are divided info smaller
urlits by interpolation. Interpolation can be achieved optically, electronically or by using software. Such
inferpolation systems have their own limitation of linearity.

4.2.3.19 Interpolation resolution

Interpolation systems determilte resolution by dividing the basic pitch by a number of equdl units. If
refolution is very fine, interpolation speed is low. Accuracy of interpolation is affected by system design.

4.2.4 Setup and procedure factors

4.2.4.1 Cosinéand sine errors

Misalignmentiof the scale of the measuring instrument (e.g. laser-beam path) with the axis of motion of
the machine tool results in an error between the measured distance and the actual distance ftravelled.
This misalignment error is usually referred to as cosine error, because the magnitude of thle error is
prioportional to the term (1 - cos 8), where 0 is the angle of misalignment between the laser peam and
theaxis of motion.

When the measurement system is misaligned with the axis of machine travel, the cosine error causes
the measured distance to be longer than the actual distance (see Figure 2).

The distance measured by the laser measurement system is Lc while the true distance travelled by the
machine tool is L. By drawing an arc of radius D and centred at position A, one can easily see that L is
shorter than Lc.

The only way to eliminate cosine error is to follow good alignment procedures during the set-up (see
also ISO 230-2:2014, Annex A).
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1  machine table

2 retro feflector

3 laser head

4  interfprometer

L actual machine travel
Lc measifired machine travel
M direcl

6 anglelof misalignment

ion of motion

Figure 2 — Cosine error by laser interferometer measurement

4.2.4.2 |Abbe principle

Referring to Figure 3, if a measurement is taken at al@cation 2 which is offset, O, from the machine tgol
displacenpent measurement system, 6, (e.g. ball screw, linear scale) any angular error motion (pitich
and yaw grror motion: ) of the element introdices an error (Lm - Dc) (see A.2.3 and ISO 230-2:2014,
Annex A)

A rule of thumb helpful in approximating the error attributable to an angular error motion: for each grc
sec of angular error motion the errorintroduced is approximately 5 um/m of offset. For a 200 mm Abpe
offset andl a 2 "' (arc sec) angular_fnotion, the error in the displacement measurement is 200 mm 5 5
(um/m) [ (arcsec) x 2" (arc sec)'=2 um.

See also IS0 230-1:2012, 8.3.2.
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4.2.4.3 Temperature sensitivity
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Figure 3 — Abbe offset error by laser interferometer measurement

A measuring system can be sensitive to the surrounding temperature change/gradients dep¢nding on
itY mechanical design and/orimaterial used. Such influence affects the stability of the sensor 1eading.

4.2.4.4 Stiffness/rigidity

Simply supported.(by two points) mechanical artefacts such as straightedge and taut wire are ipfluenced
by gravity. If straightness measurement is performed in the vertical direction, this deflection faused by
grpvity directly-affects the measured straightness deviation. To minimize this effect, supporting points

shiould be.gonsidered. In case of vertical direction measurement, distance between the supp

rt points

shuld be.5L / 9 (where L is the working size of the artefact). Table 2 shows examples of sfipporting

diftafice and estimated deflection.

Table 2 — Example of estimated deflection values

Working size, L (mm) 300 500 800 1000 1600
Supporting distance (5L/9) (mm) 190 300 465 575 910
Maximum Deflection (mm) 0,001 0,003 0,004 0,008 0,016

2/3 the values in the Table.

NOTE The natural deflection is proportional to the modulus of elasticity, E, of the material used. The deflection values
given in the table correspond to straightedges made of ordinary cast iron: E = 98 kN/mm?2. In the case of steel, E = 196 kN/
mm?2, the deflections are halved. In the case of heavy-duty castiron, where, for example, E = 147 kN/mm?Z, the deflection are

Supporting device stiffness check is required when the sensor is attached to the machine tool, see
[SO 230-1:2012, 6.3.2). See also Annex C.
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4.2.4.5 Stiffness of probing system

Bending stiffness affects the measuring position accuracy when applying probing extension bars. Such
extension length should be as short as possible.

4.2.4.6 Optical aperture

When a laser length measuring system is applied to short distance displacement, reflected laser beam
from reflector should be captured at exact point. However, optical aperture of beam detector has some
area and it allows misalignment of setting. The return beam should always be aimed in the detector
centre as[good as possible, especially for short travels.

4.2.4.7 |Interaction between standard and setup

If the refé¢rence artefact used is of significant weight or size, these features can affect the ‘mechanigal
deformatjon of the setup construction. The temperature distribution, air flow and vibration conditions
in the viclnity of the measurement setup can also be affected.

4.2.4.8 (Warming up

Mechanidal and optical instruments or those using electrical circuits. generate heat during their
operatiorls. Warming up before measurement is necessary to minimizé-thermally-induced variations
caused by such heat generation and target machine heat up (to reachrthermal stability).

4.2.4.9 |Conditioning

A series df filters and algorithms are used for generation.ef@dn image (value) of the measured physi¢al
quantity from the output of the sensor.

If sensorfs have nonlinear behaviours, such nontlinearities can be corrected during the signal
conditionfing.

4.2.4.10 ([Number of measurements

A small Ilumber of measuring point§.along an axis can miss important errors. This increases the
measurerpnent uncertainty. The megsuring point density should therefore be chosen sufficiently high

Alarge nymber of repetitions doesnot decrease measurement uncertainty. It can decrease measuremgnt
uncertainty for any mean valugs if repeatability of measuring instrument is a significant contributor|to
measurerpent uncertainty.

4.2.4.11 |Order of measurements

A measurement planning is used to define the order of measurement. For example, measurements alopg
the directions of machine coordinate system should be carried out first.

4.2.4.12 Duration of measurement

Environment conditions can affect the object under test and/or the measuring equipment. Any
measurement that needs a small amount of time diminishes the requirements for constant
environmental conditions.

Any measurement that needs a large amount of time is more affected by changes of the environmental
conditions.
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4.2.4.13 Alignment

Alignment between the machine motion axis and the measurement axis (e.g. axis of the probe motion)
should be carefully adjusted. Misalignments cause Abbe error and cosine error (see also 4.2.4.1 and
4.2.4.2).

4.2.4.14 Choice of reference artefact or feature

Selecting a suitable reference is necessary when the measurement is performed from the point of view
of the specified tolerance. The ten percent rule should be adopted when a specified reference is not
mentioned.

NQOTE For many years, the 10 percent rule [23]1[24] has been applied for selecting measuring ingtruments.
Today, the uncertainty due to the reference artefact (measuring instrument) is one of the,contributors to the
me¢asurement uncertainty that is stated together with each measurement result. For proving confofmance or
non-conformance with specifications, ISO 14253-1 is applied. However, applying the @0 percent rule is still a
sopind rule of thumb for selecting a suitable reference artefact.

4.2.4.15 Choice of apparatus

Suiitable apparatus must be selected when measurement is performédfrom point of view of rgsolution,
working length, possible fixing method, possible placing area, etc,

4.2.4.16 Strategy of measurement

Strategies include the sequence of measurements, resolution of instruments used, selection of
environments etc. These items directly influence data quality (i.e. accuracy, uncertainty).

4.2.4.17 Fixturing

All instruments used for measurement of relative displacement between tool side and york side
arg influenced by the motion of the machine tool. The instrument and its target are secfirely and
prpperly fixed to the components of interest. Undesirable instrument or sensor mounting car] generate
urldesirable deformation of the instrument or the target. When fixing the component of inftrument,
figing torque/force should be considered not to deform the instrument. Improper fixing point also
gejnerates thermal deformatidn: ‘Supports for dial gauges and electronic probes should be of |sufficient
stlffness to prevent unwanted deflections. See also Annex C.

4.2.4.18 Number of méasuring points

The number of meéasuring points relate to the quality of extraction of error/deviation featyire of the
target. A too.small number can result in a poor representation of the measurand. A too large number
causes longer‘times to complete the measurement, and is therefore influenced by other condifions (e.g.
thermal effects) as well as by the difficulty of data processing.

4.2.419 Probing principle and its strategy

Selection of probing principle such as contact/non-contact affects the results. Usually, non-contact
probing can be useful for the measurement involving rapidly moving component. In case of evaluation
of mechanical contact or interfacing items, the contact probing method can be a more suitable method
for the measurement.

4.2.4.20 Alignment of probing system

The stylus of the dial gauge or electronic probe should be normal to the surface to be measured.
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4.2.4.21 Reversal measurement

See A.2,1S0 230-1:2012, 8.2.2.1.1 and [25].

4.2.4.22

Multiple redundancy/error separation

A series of measurement data such as with different set up, different time can be applied to error
reduction process. These data can include circumstances variance, operator error, set up, etc. These
errors can be separated and reduced from original error.

4.2.4.23

Dead patl
In simple
when the
waveleng]
reflector
to increa
the optic
between
condition
path (L1
condition
distance

Dead path error (laser interferometer)

1 is an error associated with changes in the environmental conditions during a measureme
terms, it is an error due to an uncompensated length of laser-beam path, and, it occy
atmospheric conditions surrounding the laser beam change (causing a change in the las
th) and when the temperature in the material on which the optical interferometer and targ

be or decrease). The dead path area of the laser measurement path is«the distance betwe
] interferometer and the reset (or 0) position of the measurement (k1).'If there is no moti
the optical interferometer and the corner cube (retroreflector);-dand the environmen
s surrounding the laser-beam path change, then the wavelength will change over the ent
- 1.2). If the velocity-of-light compensation value changes to corfect for the new environmen
s, the laser measurement system will correct for the JaSer-wavelength change over t
.2, but no correction will occur over the dead path distanc¢el.1 (see Figure 4).
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Figure 4 — Dead path error

NOTE Software compensation also applicable to minimize this effect.
4.2.4.24 Other setup conditions

Specific setup and procedures specified by the instrument manufacturer, e.g. initialization or homing
procedures, should be applied accordingly.

16
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4.2.5 Software and calculation factors

4.2.5.1 Rounding/quantifications

The resolution of a measuring instrument (analogue or digital) or the step in last digit/decimal of a
measured value or rounded measured value, whichever is largest, causes an uncertainty component, Uxx:

Uxx=0,3xd

W Rere dictharacolution artha ctanin thalact digit ar dacimal
T - ot T S Ot O Ot e o tE Pt E oo T e S e O are ettt

The uncertainty component, Uxy, is based on a rectangular distribution with limit valuea =0/5 x d (see
ISP 14253-2:2011, 8.4.4).

4.2.5.2 Algorithms

Algorithms used for data processing should be suitable to the measurement“items such as|stable or
dyjnamic, round part or flat part, etc. Misapplications of the software algoerithms lead to cpmpletely
different results.

4.2.5.3 Sampling

Dg¢pending on the nature of the measurement, data can be collected based on time or spatiallintervals
(caqlled sampling period). Chosen sampling period influences the measurement results. For|example,
if the spatial sampling period on the surface is too large, captured data cannot indicate their true
features on the surface. In the case of time-based measurement, sampling period directly inflyences the
fré¢quency response of the measurement.

(@]

4.2.5.4 Filtering

Filtering techniques can be applied when measurement data was contaminated by electrical or mechanical
ndise. The type of filtering, e.g. cut-off frequency, bandwidth, can sometimes distort original datja.

4.2.5.5 Certification of algorithm

Certified test data can be used for certification of algorithms.

4.2.5.6 Interpolation/extrapolation

Digital equipment)such as linear scales and rotary encoders include interpolation hardwarefsoftware
tolincrease theit Tesolution. Too much interpolation can generate non-linearity of the scale regding, and
al$o reducesthe frequency response.

4.8 “Measuring equipment calibration (ISO 10012)

4.3.1 General

The measuring equipment should be calibrated at regular intervals against known reference standards,
based on the metrological requirements. If necessary, calibration charts should be supplied to show the
condition of the equipment. Recommended sequence is as follows:

a) regular calibration interval;
b) using calibration results for estimation of measurement uncertainty;

c) using calibration results (if necessary, calibration charts) to correct readings and, thus, reducing
uncertainty due to instrument/artefact calibration uncertainty.
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4.3.2 Manufacturer and supplier of measuring instruments

The manufacturer/supplier should calibrate the suggested metrological characteristics and document
the conformance with the stated MPE values (see ISO 14978:2006, Clause 8).

4.3.3 User of measuring instruments

The metrological characteristics necessary for the intended use of the instrument should be chosen
and should be verified by calibration (or verification tests). The calibrated value(s) of the metrological
characteristic(s) should be stated with the related measurement uncertainty/uncertainties, and/or the
calibratedl values of the metrological characteristic should be proven to be in conformance with, the
actual MRE value(s).

NOTE In normal use of measuring instruments, it is often possible and appropriate to limit)the/number
of requirgments (different MPEs) and the extent of resources used to prove that the measuring instrumgnt
functions |n accordance with the set-up requirements (MPLs and MPEs).

4.3.4 Measurement uncertainty

The acceptable amount of measurement uncertainty influences the number of points required to prove
that a m¢asuring instrument has a particular metrological characteristi¢ function, and/or that this
metrologjcal characteristic is in conformance with a particular MPE valge or function. A large number
of points|reduce the measurement uncertainty. A small number of peints increase the measuremgnt
uncertairty. The required number of points therefore depends on the acceptability of the measuremgnt
uncertairty.

4.4 Comparison of measurement results by instrufients using different measurement
principles

There arg multiple measuring instruments with different measurement principles that can be used|to
measure [the same geometric errors. For example, squareness can be measured by square artefacfs,
laser ang]e interferometer and optical square.with auto collimator. The measured results should pe
equal within a certain uncertainty level. Wheh the measured results are compared, the compatibiljty
should bd checked using the following methods.

a) Abso|ute method: same reference-artefacts are used for the comparison test. The same reference
artefpct is measured by the target instruments at the same time, and the results are compared. The
artefpcts used for this comparison should be calibrated and traceability to relevant International
Standards should be guatranteed.

b) Relatfive method with calibrated devices at the same time: the accuracy of the device used for this
test ip checked by.reference artefacts. Compatibility test should be performed simultaneously, aphd
outplits are compared.

c) Relatlive miethod with calibrated devices at different times: the accuracy of the device used for this
test ip ehecked by reference artefacts. Compatibility tests are performed at different times, and |ts
output-compa red

d) Relative method with uncalibrated device at the same time: uncalibrated device such as real
machine tool is applied to the test. Compatibility test is performed at same time, and outputs are
compared.

e) Relative method with uncalibrated device at different times: uncalibrated devices are applied to the
test. Compatibility test are performed at different times, and outputs are compared. Repeatability
of the device is checked beforehand.

If measurement items of instruments to be checked include motion characteristics, then test speed,
filtering, sampling rate, location of test, etc., should be (as much as possible) maintained constant and
recorded.
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Comparison test should be repeated atleast ten times. Values of average and measurement uncertainties
should be computed.

Comparison is performed for each different test parameter, e.g. in case of circular test, diameter, Gxx,
profile, etc., is tested and compared separately.

Figure 5 indicates the rule of judgment for the comparison.

— Iftwo specific conformance zones (see 2) are overlapped (see 3) as shown in Case 1, two results can
be said to be identical and compatibility is satisfied, and can be used without any remarks.

—| Iftwo 2U (expanded measurement uncertainty) zones of specific instruments are overlapped (see 3)
as shown in Case 2, compatibility is satisfied and results from two instruments can he'used as same
purpose.

— Ifthereareno overlapping zones, then results from two instruments cannot be said to be cdmpatible.

If |different instrument types are applied without any comparison data, then agreement| between
manufacturer/supplier and user is necessary.

NQOTE 2U zone can be obtained from preliminary experiences in the workshop.
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Figure 5 — Comparison between two different measuring instruments

5 Description of measuring instruments

Specific measuring instruments are described in this clause. Instruments are categorized and
summarized in a table. Categorization method depends on its application and basic features as shown
Table 3.
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Table 3 — Instrument category and clause number

Clause number

Instrument category

Remark

6 Mechanical artefacts Including length standard device

7 Length and displacement measuring instru- From long range to short range measure-
ments ment

8 Straightness measuring device

9 Squareness measuring device

10 Flatness measuring device

11 Angle measurement instrument

1P Special measuring device

Each table indicates its name, size, measuring range, MPE, uncertainty of measurement, operati
ent related standard, figure and remarks. An example of table is indicated ¢n’Table 4. T|
pf tables are examples only, and are for machine tool measurements in the warkshop. If the
related standards for its specifications, contents are indicated as [recommended] or [typic3

environn
contents
are some

Annex B indicates existing ISO and national standards for measuring equipment:

Table 4 — Example of the table format description

ng
he

—

1 |Namle of artefact Indication of instrument or measuring method name.

2 |Desdription Simple description of instruiment or measuring method.

3 |Sizefjn mm Example or recommended sizes are described.

4  |Tolefance MPE Example or recommeénded MPE is described.

5 Redllced (corrected) MPE at specific |If instrument or artefact is corrected by calibration, example or

poinfs in pm recommendediimproved MPE is described.

6  |Surfhce finish In case of artefacts, example or recommended surface quality at
measuring point is indicated.

7 Surface hardness In case of artefacts, example or recommended surface hardness aft
measuring point is indicated for each material used.

8 |Operating environment Remarks for operating environment such as temperature is de-
scribed.

9 |Long-term stability —

10 |Equipvalent thermal expansion coeffi- |Total thermal expansion coefficient is indicated.

cienf [um/(m°C)]

11 [Related standards If there are standards for the instrument specification, it is de-
scribed here.

12 |Refefence to the ISO 230 series Application example in the ISO 230 series are indicated.

13 |Uncqrtaintysof measurement Major clause numbers of uncertainty contributor name or descrig-
tions are referred to in 4.2.

14 |Remprks Additional remarks are described.

15 |Examples of figures Appearance is indicated. Also refer to an example in ISO 230-1.

6 Mechanical artefacts for general use

6.1 General

re

A mechanical artefact is a reference material intended to define, realize, conserve or reproduce a unit
or values of a quantity to serve as a reference in the machine workshop. Therefore, the artefact should
be stable against any changes in conditions, and easy to mount on the machine tool side. An artefact is
influenced by the gravity, therefore its supporting method influences the accuracy. Also, it is influenced
by temperature change due to its thermal expansion. Therefore, the characteristics of thermal

20
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behaviour should be clearly stated. Internal thermal gradients of artefacts result in shape distortions
and dimensional changes. The self-calibration method can be applied to most of mechanical artefacts
(see ISO 230-1:2012, 8.2.2.1.1). For uncertainty contributors, see Table D.1.

Table 5 indicates quick references for mechanical artefacts.
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6.2 Reference straightedge
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1 Name of artefact Reference straightedge
Description A straightedge is a material representation of a straight
reference line, with a particular MPE, by reference to which
deviations from straightness or flatness can be determined.
There are two principal types of straightedge:
— the bow-shaped straightedge with a single working
strfacefseeHisnre6ajh:
— the straightedge with two parallel working surfaces
[see Figure 6 b)].
The latter type can be:
— uniform-section with a solid or lightened web [gee Fig-
ure 6 ¢].
— of plain rectangular cross-Section.
3 Recommended size Measuring length + 40 mm
4 Recommended measuring length, 300 500 1000 1500 2000 3000
L,in mm
5 Recommended straightness MPE |3 4 6 8 10 14
and flatness MPE of working
surfaces in pm:
less than (2 + L/250) pm
local tolerance, 5 um for >300 mm
6 Recommended parallelism MPE |5 10 15 25 30 45
of working surfaces in pm
less than 1,5(2 + 0,01 L) um
7 Recommended straightness of |30 50 100 150 200 300
side surfaces in pm
less than 10(2 + 0,0 &) um
8 Recommended parallelism of 45 70 150 220 300 450
side surfaces in\um
less than 15¢2+ 0,01 L) um
9 Example of reduced (corrected) [0,1to1l [0,5t02 |1to2 2to4 2to5 3to5
straightness MPE at specific
points in pm
1 Permissible natural deflection 0,01 mm per 1 000 mm, when resting on two suppojrts sit-
uated at the extreme ends. Exact maximum value s(;rould be
rlead an oo of b o £ o c
11 Recommended squareness MPE |5 um for a measuring length of 10 mm
of side faces to working surfaces
12.1 |Recommended surface finish Less than 0,8 pm roughness, R;. Finely ground, lapped or
scraped.
12.2 |Recommended surface hardness |Hv490 to Hv620
13 Operating environment Workshop conditions (see ISO 230-3:2007, Table C.1)
14 Long-term stability —

© ISO 2018 - All rights reserved
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15 Equivalent thermal expansion Depends on material used: steel: 11; ceramics: 8; ultra-low
coefficient [pm/(m°C)[ expansion (ULE) glass: 0,1.
(influences the bending in case of
thermal gradients)
16 Related standards BS 5204, DIN 874, JIS B7514
17 Reference to ISO 230 series ISO 230-1:2012, 8.2.2.1,10.3.2.3,12.2.3.1 and 12.2.3.2
18 Measurement uncertainty Major contributors: See Table D.1
EXAMPLE: —
19 Re¢marks When the straightedge is used with a level, the width of th¢
working faces should not be less than 35 mm.
In case of vertical direction measurement, suppont distande
should be 5 L/9. Table 6 indicates recommended supporting
condition of straightedge.
20 Example of figures See Figure 6
24 © ISO 2018 - All rights reserved
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a) Bow-shaped
L

0}

w

OO0 OO0 000 O0O0

Lo

7]
S

|os]

support points
best supports
working length
working surface

v g =0 >R

side surface

w | |
Y 21/9 5L/9 2L/9
A ¢ B
b) With two parallel surfaces with lightened web
w
W 219 T 51/9 T 2L/9
A B

¢) Plain rectangular section

Figure 6 — Examples of straightedge
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Table 6 — Supporting condition of straightedge

No. Length in mm Diagram Broad type Normal type
Working | Totala Section Massb Section Massb
kg kg
1 300 340 ‘ 15 2 1
- | I
A B 4— 1
~ 90 : 1 A m
= ; ' N
A ‘ ‘T\ m
35 L
12
2 500 540 15 4 3
m\ W
A 300 B . | R o
[¥g|
i il
C C
35
15
3 800 840 3x 940 - 5
o000 oX ©
A 465 B
C ©
135
4 1000 1040 Bx 8L0 12
NNC T T o000 Gy N
A 575 B A/
o o . T
~— ‘J‘
L .
5 1600 1640 4x ®100 6x 980 o~ g2 33
(O e o 9o ) oJ(OC O) [ .
AL s __'B I %
¢ ¢ = ' 111
S0
a  The total length is a little greater than the working length, so that inspection can be made without having to use the
ends of the straightedge, which are more difficult to machine accurately.
b Masses are relative to plain cast iron; they are slightly greater than steel.
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6.3 Test mandrels with taper shanks

2018(E)

Name of artefact

Test mandrel with taper shank

Description

A test mandrel represents, within given limits, the axis which is to be
checked, either for run-out or for location (position and orientation) in

relation to other components of the machine.

Test mandrels have a tapered shank for inserting in the socket of the
machine to be tested, and a cylindrical body which is used as a refer-

ence for the measurements.

3 Recommended size in mm |Measuring length + 40 mm + taper shank length
4 Recommended measuring range (length of straight part) in 75 150 {200 .»1300| [500
mm
5 Recommended natural deflection (Morse taper) in pm 0,65 [1,5-41,8 3,3 5,8
6 Recommended straightness MPE (Morse taper) in pm 1,6 2,V 2,5 4 6,2
7 Recommended total run-out along entire length in pm 2 2 3 3
8 Recommended maximum variation in diameter of cylindrical {2 2 3 3
partin pm
9 Example of reduced (corrected) straightness MPE at spegific’ |0,8 0,8 (1,0 1,0 1,5
points in pm
1‘]).1 Recommended surface finish less than 0,8 pm roughneps, Rt
10.2 |Recommended surface Hv490 to Hv620 plated-or un-plated
hardness
11 Recommended materials |Hardened and stabilized steel
12 Operating environment  |Workshop goniditions
18 Long-term stability Stress free heat treatment required
14 Equivalent thermal ex- Depends on material used: steel: 11; ceramics: 8.
pansion coefficient in pm/
(m °C)
b Related standards JIS B7545
b Reference to I1SO 230 [SO 230-1:2012, 10.1.2 to 10.1.5, 10.2, 10.4.4, 12.3.2.4, 12.3.2.4, 12.3.3,
series 12.3.4,12.4.6 and 12.5
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17 Uncertainty of measure- |Major contributors: see Table D.1
ment EXAMPLE: -
18 They are made of hardened and stabilized steel, either un-plated or plated with hard chromium.

They also have the following characteristics:

a) ground and lapped centres, recessed for protection at the ends, for purposes of manufacture
and inspection;

b) four reference lines are spaced at 90° (1, 2, 3 and 4);

c)| in the case of relatively slow Morse and metric tapers, the mandrels are self-holding in the
sqcket, see Figure 7 a) a. A threaded portion is provided to receive a nut for extracting the fman-
dfel from the socket;

d] in the case of relatively steep tapers [see Figure 7 a) b], a tapped hole is provided for fixing
the mandrel by means of a threaded retaining bar, or a retention knob as used with:an automatig
tgol-changing device [see Figure 7 a) c].

Finally, in order to avoid the mandrel being reversed end for end when grinding, the instrument
cgdn also be fitted with an extension P of a length from 14 mm to 32 mm afi¢ha diameter slightly
sthaller than that of the cylindrical part [see Figure 7 a) d].

Figure 7 b) to Figure 7 e) shows, as examples, a series of suitable mandrels. The external dimen-
sipns (diameter and length) and the profile of the bore of these andrels have been determined
sych that (with the exception of those with Morse tapers No,8'and No. 1) the deflection at the frde
end, due to the overhanging weight of the mandrel and the.déflection caused by the pressure of 3
difal gauge on it, is minimized when testing with these instruments.

The deflections have been calculated for E = 206 kN/min2; even for somewhat smaller values
=176 kKN/mm?2 to 186 kN/mm?2) the deflections,are still negligible.

Inf the case of the 7/24 taper, table indicates the(correspondence between the cylindrical portion
and the dimensions of the cone.

Vi

If{the mandrels with dimensions differing from those in Figure 7 are used for checking align-
nt, their deflection should be distinétly marked on them and taken into account when testing
chines.

Finally, attention is drawn to the-fact that mandrels above 5 kg in mass tend to cause deflection ¢f
a horizontal spindle into which they are inserted.

NPTE The cone is perfectly fit within the socket. This is checked carefully, for example with
Pfussian blue.

Tg measure the run<out, the mandrel should be successively inserted in the spindle in four posi-
tipns, each at 990™to the previous, and the mean of the four results taken.

T check the.accuracy of the lateral position of a component or of parallelism, the test should be
miade successively on two opposite reference lines on the cylindrical surface of the mandrel, tur
injg the'mandrel and the spindle through 180° (see ISO 230-1:2012, 8.2.2.1.1).

Afterinserting a mandrel in a spindle, time should be allowed to elapse for dissipating the heat
the hand of the operator and to allow the temperature to stabilize.

In the case of mandrels with Morse tapers No. 0 and No. 1, it is necessary to take into account
their natural deflection. They should only be used with a dial gauge reading to 0,001 mm and hav-
ing a force not exceeding 0,5 N. The dial gauge should preferably be applied to the underside of the
mandrel so as to oppose its natural sag

Table 7 indicates test mandrel cylindrical parts of 7/24 taper shanks. Figure 7 e) indicates HSK
type shank. For details on dimensions, see ISO 12164-1.

19 Example of fig- see Figure 7 a), b), ¢),d) and e)
ures
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4 reference lines (1)

ISO/TR 230-11:2018(E)

Dimensions in millimetres (mm)

5

a) Small'size taper shank mandrels [a) to d)]
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c) Morse 3, 4 and 5 taper shank mandrels
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e) HSK type mandrel

Key

e I

QO

effective length
cylindrical extension
reference lines
Metric 80 and larger.
Morse 6.

Morse 4 and 5.
Morse 3.

Morse 2.
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f Morse 0 and 1.
Partial.
Counter balance.
Example of size, L, and diameter, Dysk
Dnsk 32 40 40 63
L 150 200 300 300

NOTE The four lines 0,1 mm wide, spaced at 90° marked on the cylindrical parts, are reproduced in
alignment and numbered 1 to 4 on the mandrel end.

Figure 7 — Examples of test mandrel

An extradting nut should be supplied with each mandrel.
For partiqulars of the tapered shank, refer to the I1SO specification, e.g. D1.
The mandrel should have a ground and lapped centre of the protected type at ea¢h‘end.

The part |ndicated in dashed line is that of the mandrel shown in Figure 7 a)cthis extension, P, has begen
added to pssist manufacture. The total length will be increased by this amount, as also that of the fifst
bore, the end plug being unchanged.

Special shape such as cone and taper can be applicable for referenceplane.

Table 7 — Test mandrel Cylindrical parts.of 7/24 taper shanks

50
Taper 7/2j4 No. 30 40 45 Short Long
mandrel |mandre]l
Measuring length in mm 200 300 300 300 500
Mandrel Morse No. to which cylindrical part is adapted |3 4and5 |4and5 |4and5 6
6.4 Mandrels between centres
1 Name of artefact Mandrel between centres
2 Degscription While a test mandrel with a taper shank serves as a material rep-

resentation of an axis of rotation, a mandrel mounted between
centres represents simply a straight line passing between two point
The axis of such a mandrel should be straight and its exterior surfac
truly cylindrical.

o9

It has, at each end, four reference marks located in two perpendiculgr
axial planes, and centres recessed for protection.

3 Récammended size in mm 300 500 1000 1600
4 Recommended outside diameter in mm 40 63 80 125
5 Recommended inside diameter in mm 0 50 61 105
6 Recommended mass without end plugs in kg 1,5to 3 2,7to4,5 [8,3to16,5(28,2to 45
7 Recommended maximum diameter variation in |3 3 4 5
um
8 Recommended straightness MPE in um 1 2 2 2
9 Recommended cylindricity MPE in um 4 4 5 6
10 Recommended maximum run out in pm 3 3 7 10
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Table 7 (continued)

11 Example of reduced (corrected) straightness 2 2 3 3
MPE at specific points in um
12 Recommended maximum natural deflection in |0,02 to 0,1to0,7 |0,5to8 3to 19
um 0,04
E =206 kN/mm?2
13.1 |Recommended surface finish |Less than 0,8 um roughness, Rt
13.2 |Recommended surface The cylinder should be hardened and can be hard chrome-plat-
hardness ed to increase its resistance to wear. HV490 for steel, Hvp00 for
ceramics.
14 Recommended materials Steel or Al03.
15 Operating environment Workshop conditions.
16 Long-term stability Weld-free hot-drawn tubes are used for thesmaterial, thgrefore, it
is stabilized before final grinding.
17 Equivalent thermal expan- |Depends on material used: steel: 115°céramics: 8.
sion coefficient in um/(m°C)
18 Related standards JIS B7545
19 Reference to ISO 230 series [ISO 230-1:2012, 10.2.1
20 Uncertainty of measurement|Major contributors: see{Table D.1.
EXAMPLE: —
21 Example of figures see Figure 8
Dimensions in rhillimetres
r
/’
A |
Q J%} > () = @E
V¢ 7\
12
L
Kdy
D | Cexternal diameter
d internal diameter
L  total length
r reference marks
Figure 8 — An example of mandrel between centres
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6.5 Reference squares

1 Name of artefact Squares
Description The principal types of squares are:

1) the square represented by a plane and an edge at right
angles, with or without a reinforcing rib [Figure 10 a)],
2) the cylindrical square, represented by an axis perpen-
dicular to a plane [Figure 10 b)],
3) the block-type square with or without reinforcingxibps
[Figures 10 c) and d)].

3 Re¢ommended size in mm Generally not to exceed 500 mm.
For cylindrical squares, not to exceed 1 200 mm.

4 Re¢ommended flatness MPE (of (2 + 0,01 L), where L is working length in milimetres

arms) and straightness MPE in um

5 Re¢ommended MPE of squareness in |— (2 + L/200) um for cylindrical squares;

Hm — (1 +L/200) um for two arms.type; or
— 5 um for any measuring length of 300 mm.
where L is the working ledgth in millimetres.
The angle can be either smaller or larger than 90°.

6 Exdmple of reduced (corrected) 0,5

sqyareness MPE at specific points in
um

7 Re¢ommended surface finish Less than;0,8 pm roughness, Rt
Finely ground, lapped or scraped.

8 Re¢ommended surface hardness More than Hv360 for hardened steel
For un-hardened steel, more than HV170

9 Opg¢rating environment Workshop conditions

10 |Long-term stability Stress free heat treatment required

11 qullivalent thermal expansion coeffi- | Depends on material used:

cient in pm/(m°C) Steel: 11; castiron: 10; ceramics: 8; granite: 10

12 |Tolprance on deflection of squares |Deflectiond = 0,7 L(1/2)/1 000 mm

with two arms Test method, see Figure 9.

13 |Related standards JISB 7526, B 7539, BS 939

14 |Reflerenceeto ISO 230 series ISO 230-1:2012, 10.3.2.2 and 12.4

15 |Ungertainty of measurement Major contributors: see Table D.1
EXAMPLE: —

16 |Remarks Reversal measuring method should be applied for im-
proved measuring accuracy (see ISO 230-1) - measure at
the centre

17 |Examples of figures see Figures 10 a), b), ¢)
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Kdy
F | apply force: 2,5N QQ
L | working length in millimetres \Q
1| targetsquare 5\0\
2 | dial gauge <
e dew N
3| clamping device $
Ddflection: d =0,7 L(1/2)/1 000 mm %)
K\
. séto
Figure 9 — Def.[g ion test method of two arms square
S
. Dimensions in rhillimetres
\ O® r ~
R —
@ E —
5 7 S
1/
a) Plane b) Cylindrical c) Block type d) Block square

Figure 10 — Examples of squares
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6.6 Reference cube

1 Name of artefact Precision cube, reference cube
2 Description Precisely manufactured cube that is used for the
reference of square, straightness and position. Com-
mercially available cubes are also applicable to use.
3 Recommended size in mm Generally 100 mm to 500 mm square
4 Recommended squareness MPE 2 um for any measuring length of 300 mm
5 R eeommended-Hatress/paratlelsmMPE—2mm-n-Hetress/paraHelsm
6 Example of reduced (corrected) MPEs at |Squareness: 1 pm; Straightness: 1 pm; Flatness:2'{m
specific points (um)
7 Recommended surface finish Less than 1 pm roughness, It.
8 Reécommended surface hardness HB200 < Cast iron: HB200; Stone: Hs70; Ceram-
ics: Hv1600
9 Operating environment Workshop conditions
10 Long-term stability Stress free heat treatment required for steel.
11 Equivalent thermal expansion coefficient |Depends on material used;
i pm/(m °C) Steel: 11; ceramics: 8;&tone: 10
12 Related standards None
13 Reference to ISO 230 series None
14 Uncertainty of measurement Major contkibutors: see Table D.1
EXAMPREEY —
15 Remarks Calibrated dimension, flatness, straightness and
squareness artefact can be obtained.
16 Examples of figures See Figure 11
w
w
w | e )
D
| Z w
N E
~ |0
|
|
e
/}- _____ -/
74
|
|
w
Key

W working surface

36

Figure 11 — Reference cube
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1 Name of artefact|Surface plate
Description Surface plate is a reference flat plane in workshop. It is applied to centring,
assemble and measurement of work. Its top surface is finished by scraping or
lapping to achieve good surface accuracy.
3 Recommended [160 mm x 100 mm to 2 500 mm x 1 600 mm
size in mm
4 Recommended [160 [250 [400 630 (1000 (1600 120002500 (250 400 {630 (1000
size, X,Yin mm |x X X X X X x X X X X X
100 |160 |250 |400 |630 1000 |1000 |1600 (250 [400-J630 |1000
5 Recommended (3 3,5 |4 5 6 8 9,5 11,5 (3,5 4,5/ |5 7
flatness MPE
for ISO grade 0
(IS0 8512) in
um
6 Example of 05 |05 (0,5 [0,5 [1,0 1,0 1,0 1,5 0,5 (0,5 [0,5 |1,0
reduced (cor-
rected) MPE at
specific points
in um
7/l |Recommended |Finely scraped, ground or lapped
surface finish
72 |Recommended |Castiron: HB200; stone: Hs70; ceramics: Hv1600
surface hard-
ness
8 Operating envi- |Workshop conditions
ronment
9 Long-term sta- |Stress free heatitreatment required for cast iron
bility
1 Equivalent ther- |Cast iron: 171; stone: 10; ceramics: 8
mal expansion
coefficient in
um/(m°C)
11 |Related stand-CAISO 8512, DIN 876, ]IS B7513, ISIRI 10137.1/2
ards
12 |Referenceéteo ISO 230-1:2012,10.5.1, and 12.2.2
[SO 230series
18 |Unecertainty of |Major contributors: See Table D.1
meéasurement EXAMPLE: —
© ISO 2018 - All rights reserved 37
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14 |Remarks For large size surface plate: Key
. L R L length
[ 5 w width
B |
Mo A,B,C supporting points
2 * M,N safety support
N C_. : points
v “ e=2w/9
< j » < f » f: 2 L/9
If the operating@sea
exceed 400 mmlx 25(
mm, compliance
should bessmaller than
1 umy/200 N at the
centre’position.
Distribution rule for support points
15 |Exdmple of See Figure 12
figlires
1
\—I/ 2
a) Castiron surface plate b) Granite surface plate
Key
A threesupport points
1 granife surface plate
2 suppdqrting unit
Figure 12 — Surface plate
6.8 Referencesphere
1 Narhe of artefact Precision ball (sphere), reference sphere
2 De r‘ripfinn Drnricnly manufactured ballthatisused forthe reference of pncih'{ n
and rotation. Commercially available balls are also applicable to use.
3 Recommended size in mm |Generally 16 mm to 30 mm diameter.
4 Recommended form toler- |0,2 um or less
ance (sphericity)
5 Recommended size toler- |0,3 um in diameter if the diameter is referenced.
ance
6 |Example of reduced (cor- |—
rected) MPE at specific
points in pm
38 © ISO 2018 - All rights reserved
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7.1 |Recommended surface Less than 0,1 pm roughness, R;
finish
7.2 |Recommended surface HV1600 (Ceramics), HV800 (Steel)
hardness
8 |Operating environment Workshop conditions
9 Long-term stability Stress free heat treatment required for steel.
10 |Equivalent thermal ex- Depends on material used:
Ir)aris:?n coefficient in pm/ Steel: 11; ceramics: 8; granite: 10; quartz: 1
\_lll \4)
11 |Related standards None
P |Reference to ISO 230 series |I1SO 230-1:2012, 10.1.4.4, 10.4.4, 11.2.5.1 and 11.4
[SO 230-10
18 |Uncertainty of measure- Major contributors: See Table D.1
ment
EXAMPLE: —
14 |Remarks If ball is used to check spindle rotation accuracy, concentri¢ity be-
tween ball centre and shank can be-required
15 |Example of figures See Figure 13
1
\g@
.\Q)
- 2
Kdy
ball
support bar
Figure 13 — Reference sphere
6.9 1D ball array
Name of instrument 1-D ball array or ball beam
Description A series of precision balls are fixed to a beam
structure and calibrated on a CMM, used for
determining the relative positions of the centre
points of the precision balls. Such artefact is sta-
ble and is mounted on a machines workpiece table
stress-free in order to avoid stresses and strains
(deteriorating the validity of its calibration).
3 Typical length 250 mm to 2 000 mm
4 Typical beam material Carbon Fibre (CF), Silicon Carbide (SiC), Steel

© ISO 2018 - All rights reserved
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5 Typical beam size 500 x 50 x 70 mm (CF)
(L > wx H) 500 mm x 40 mm x 40 mm (SiC)
6 Typical beam shape rectangular, square, triangular or cylindrical
7 Typical ball diameter 16 mm to 30 mm
8 Typical ball material Ceramic (Al203, SizN4) or steel
9 Typical ball hardness >HV1650 (Al203)
10 |Typical Form tolerance (spherity) MPE <0,3 um
11 Ty )iLdl SUI fdl,t: lnghllUbb gG,l ML lnghllUbb, Rt
12 |Thermal expansion coefficients in um/(m °C) |CF = -0,8; SiC = 4,5; Steel = 11; Al;03 = 8,5
13 |Typical weight 2,5 kg (CF ball array, 500 mm length)
1,6 kg (SiC ball array, 500 mm length)
14 |Typical calibration uncertainty U(k=2)=(0,14 + 0,6:L) um with in’'m
15 |Retcalibration interval Once a year
16 |Related standards None
17 |Reference to [SO 230-1, 11.6.2 (1-D ball-array), ISO 230-2,
ISQ 230 series ISO 230-6 (diagonal tests)
18 |Unfertainty of measurement Major contributors: See Table D.1
EXAMPLE: —
19 |Example of figures See Figure:14
20 |Applications a) Axisparallel
1-D ball array is used in combination with a proj-
ingisystem to sense the ball’s positions (i.e. linedr
displacement sensors, 3D sensor nest, touch-trig-
ger probe, 3D probe head, etc.). The 1-D ball arrgy
is mounted nominally axis parallel enabling the
determination of:
Positioning errors (i.e. Exx)
Straightness deviations (i.e. Eyx and Ezx)
b) Diagonal tests
1-D ball array can also be measured in a face ang/
or body diagonal of the machine’s working vol-
ume for inspecting the volumetric accuracy.
40 © ISO 2018 - All rights reserved
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21 |Remarks

a) To maintain its stability the 1-D ball array
should be handled with care and shocks should
be avoided.

b) When applied the 1-D ball array is preferably
mounted on a machine tool in the same way as
during its calibration to cancel sag effects. Sag
effects are also minimised by supporting the 1-D
ball array on its Bessel points (which equals 2L/9
from the beams ends, 5L/9 separated) which is

recommended.

c) Due to manufacturing tolerances;theballs

are not exactly positioned in a straight lifie but
typically vary +0,1 mm in 3D spaee. Thergfore,
the balls are not exactly separated equidistantly.
Three linear machine axes are usually refuired
to measure such 1-D ball afray even when it is
mounted axis parallél, Sometimes, offset[balls are
applied to facilitate'the determination oflthe roll
orientation of thejl-D ball array better, ng¢cessary
when both straightness errors are determined
simultanequsly.

d) Thesize of the 1-D ball array should rhatch
withthe machine’s working volume. For yery
large machines, the 1-D ball array can bejmoved
stepwise along a machine’s axis and meagure-
ments can be combined/stitched provided there
is sufficient overlap.

Kdy
reference balls
support unit (base)

3 ~Support points (holes)
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6.10 2D ball array

1 Name of instrument 2-D ball array, Ball plate

Description Series of precision balls are fixed on the plate. Their
positions are precisely calibrated. This is used for
the calibration of two dimensional machine posi-
tioning accuracy. This is also applicable to measure
the straightness and squareness error of motion.

3 Example size 500 mm x 500 mm x 100 mm
4 Example measuring range 400 mm x 400 mm . O
5 Example MPE or linearity 2 pm A S
6 Esample of reduced (corrected) MPE at  |0,6 um r\
spgecific points in um A,'\
Re¢solution — n(b\)
Ré¢peatability Depends on position sensor ) v
9 Frlequency response — ,.&\\
10 Mepasuring force or load Depends on position seng@}j
11 Operating environment Workshop conditions s\\
12 Ldng-term stability of reading — /\<(
13 Equivalent thermal expansion coefficient |[Based on frame 1aterial
Steel: 11 k\)‘
14 Rg¢lated standards None \AQ)
15 Ré¢ference to ISO 230 series ISO 2@‘? 2012,11.5.2
150230-2
16 Uncertainty of measurement :Major contributors: see Table D.1
. o |[EXAMPLE: —
17 R¢marks C)\\v Application of reversal methods
18 Example of figures s\‘ . See Figure 15

fQ
@
@,\@ &S
f\
/’@ GoEe
BRBER)

a) Type A(balls on stem) b) Type B (balls in natural plane)

Key
1 reference balls
2 base plate

Figure 15 — 2-D ball array
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6.11 Step gauge
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1 Name of gauge Step gauge
Description The step gauge is one of end standard gauge. It consists of a lot of
short gauge blocks and a base steel bar. Solid type (manufactured
from single material block e.g. ceramics, steel and glass) are also
possible.
3 Example size From 300 mm to 1 500 mm
4 Example measuring range |According to size, 0 mm to 1 000 mm
5 Example pitch MPE inum |0 to 310 310 to 610 610to 1000 1016tp 1 050
5 7 10 16
6 Example block pitch 20 mm (10 mm + 10 mm)
7 Material The material used are steel and zirconia ceramics.
8 Measuring force or load According to reading instrument.
9 Operating environment Workshop conditions
10 |Long-term stability of read- |—
ing
11 |Equipment thermal expan- |Steel: 11; ceramics: 8
sion coefficient in pm/(m°C)
12 |Related standards None
18 |Reference to ISO 230 series [ISO 230-2
14 |Uncertainty of measurement|Major contributors: see Table D.1
EXAMPLE: —
15 |Example of figures See Figured6
16 |Remarks The step gauge is set up on the machine, and its position i read
with lever type dial gauge or electric micrometer. In some|cases,
the gauge blocks are used instead of step gauge.
Key
1 step gauge
2 base support
Figure 16 — Step gauge
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6.12 Gauge block

1 Name of artefact Gauge block, reference gauge block
Description Precisely manufactured series of blocks that are used for the
reference of length, distance and position. Desired length can be
generated by wringing two or more different blocks. Rectangular
type, square block with hole are applicable to use.
3 Example size in mm 0,5mmto 1000 mm
4 Example measuring range |Depends on the number of assembling.
5 Exgdmple MPE 0,24 pm (10 mm) to 4,00 um (1 000 mm) depending on the class
and size
6 Exgqmple of reduced (cor- 0,05 pm (100 mm)
recfed) MPE at specific
position in pm
7 Redommended surface Less than 20 nm roughness, Rt
finish
8 Exdmple of material Gauge steel, WC, ceramics, glass ceramics
9 Redommended surface HV800
hardness
10 |Opgrating environment Workshop conditions
11 |Lorg-term stability Stress free heat treatment required for steel.
12 |Equivalent thermal expan- |Depends on material used
siof coefficient in pm/(m°C) Steel: 11,5; ceramics: 8y glass ceramics: 0
13 |Relpted standards [SO 3650, BS 4311, DIN 861, ISIRI 2606
14 |Refprence to ISO 230 series |ISO 230-1
15 |Undertainty of measurement|Major contributors: See Table D.1
EXAMPLE: —
16 |Rerparks Any sizelcan be created by wringing procedures.
17 |Exdmple of figures SeéFigure 17
44 © ISO 2018 - All rights reserved



https://standardsiso.com/api/?name=807e9d1ab7ca6c91b301996e1ad3ca5a

ISO/TR 230-11:2018(E)

=
4
3
2
1
T~ = L 100
10| 25 =
50
— 25
[
a) Rectangular type b) Square block type

Kdy
1| gauge block 1
2 | gauge block 2
3 | created size by wringing 1 and 2
4 | indication of nominal size

Figure 17 — Gauge block

7| Length and displacement measuring instruments

7.1 General

Length and displacement measuring instruments are classified as follows:

a)| forlong range (laser);

b)| for medium range (reference lineap'scale, standard scale, digital probe with scale);

c)| for shortrange (contact sensor, non-contact sensor, touch probe).

Bdsic specification or characteristics requirements for the length and displacement measuring
inptruments are:

— size;

— measuringrange;

—{ MPE orlinearity;

— resolution;

—_repeatability:;

— frequency response;

— measuring force;

— operating environment;

— long-term stability of readings; and

— equivalent thermal expansion coefficient.

These requirements are included in the tables describing the instrument characteristics.
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Table 8 indicates typical measuring range of length/displacement measuring instruments. For
uncertainty contributors, see also Table D.2.

NOTE1 Minimum measuring range is about 10 times greater than the resolution of the instrument.

NOTE 2  Indicated measuring ranges consider the conditions for machine tool testing in the workshop.

Table 8 — Typical measuring range of length/displacement measuring instruments

Typical measuring range

H
P

4 10 4 10 4
ITIIT 1 P 1U HUIIT L IITIIT LU ITIIIT L TIT

H
P

Laser interferometer

A
A 4

Reference linear
bcale

A
v

Length
measurement

btandard scale

A

Mechanical dial
bauge

LVDT

A
v

A
v

Linear scale
lisplacement gauge

A
v

Capacitive sensor >

A
v

Eddy current sensor

A

Fibre optics sensor

\ 4

Laser triangle sensor

A
v

Displacement measurement

Dptical focusing
Eensor

A
v

L.aser scanning
bensor

A
v

7.2 Instruments for large and-meédium range linear displacements

7.2.1 Laser interferometer

1 Name of instrumentLaser interferometer

2 Déscription The development of the laser interferometer has provided the machine
tool industry with a high-accuracy standard which can be used on ma-
chine tools of all types and sizes. The frequency stabilized helium-neon
laser currently represents the state of the art in laser length standards,
and in practical terms has become the accepted length standard for work

L £
strop-measurement:

3 Example size 200 mm x 300 mm x 100 mm (Laser source)
Example measur- |Upto40 m
ing
range
5 Example MPE or The MPE of the interferometer is determined by the laser wavelength, and
linearity is better than 0,5 parts per million, if air temperature, machine tempera-
ture, air humidity, and air pressure are constant.
6 Example resolution |1 nm to 10 nm
7 Example Depends on circumstances (see remarks)
repeatability
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Example frequency
response

100 kHz to 100 MHz at interface port signals

Measuring force or
load

None

10

Operating
environment

Workshop conditions

11

Long-term stability
of reading

8 x 10-9/m (Laser beam only)

L 3 1 241 1
L‘\.ibllVCllCllL CIICT IIIAr
expansion
coefficient in

um/(m °C)

1 ] £lo ££ rad lo 4 | s 4+ Laadal
LdotCl VVClVClCllSLll IS5 dIICTilTU U_y IIUL Ulll_y dll LUllllJCl dlurlT, ult disy

pressure, humidity and composition.

EXAMPLE: if air temperature changes 1 °C, it corresponds o1 punj/m

measuring length.

air

Uncertainty of
measurement

Major contributors: ISO 230-2:2014, Annex A and ISQ/ATR 230-9.
See Table D.2 and also 17.

Even air condition can be measured and compgensated, influence ¢
tainty of sensors such as temperature, pressure remains.

In case of precision application, refractometer should be applied t
crease measurement accuracy.

Check of total environment influence by environmental variation
with description of test (see ISQ’230-3).

f uncer-

o in-

test,

a) Environmental
error (4.2.3.9)

Moving peckets of warm and cold air cause air
bulenge."As these pockets of warm and cold air
through the measurement laser beams, the lasq
length within the pockets varies. If this pocket
warmer than the surrounding air and 1 m acro
this would cause the linear reading to change b
To minimize this effect, air surrounding the las
should be either very stable or mixed by fans.

checked by an EVE test.
(see ISO 230-2:2014, Annex A)

The actual influence of the environment shouldl be

Lur-
move

r wave-
is0,1°C
5s, then
y 0.1 pm.
er beam

b) Machine sur-
face temperature

(4.2.3.15, 4.2.3.4)

termine carriage position, this effect represen
expansion of approximately 11 pm/m fora 1 °
the lead screw temperature. If the total carriag
is 1 000 mm, this effect represents a potential
in the considered length of lead screw of 0,011
°C change in temperature. (see ISO 230-2)

The material temperature sensors should be p

For machine tools that use a steel lead screw t¢ de-

san
[ rise in
re travel
change

mm per

aced

r‘nrrnr‘ﬂv todetectthe table surface fnmnnrah

re. The

thermal expansion of target part.

obtalned temperature values apply to compensate the

c) Dead path error|See 4.2.4.23

d) Cosine error  |See 4.2.4.1

e) Abbe offset
error

See 4.2.4.2

14

Related standards

None
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15 Reference to [SO 230-1:2012, 8.3.2.1, ISO 230-2, ISO 230-3 and ISO/TR 230-9
ISO 230 series

16 Example of figures |See Figure 18

17 Remarks The laser interferometer can be used for five of the six degrees of free-
dom: linear positioning, horizontal straightness, vertical straightness,
pitch and yaw, as well as squareness between two axes. Other degrees of
freedom are of equal importance since positioning errors, resulting from
tilt error motion (pitch and yaw error motion) can be potentially larger
than the errors of the linear positioning system of machine tool axes.

Other sources of error to be considered before commencing measure-
ments are indicated in application remarks

In setting up a laser measurement system to evaluate a machine\tool,
three basic guidelines should be followed:

a) choose the correct set-up to measure the desired parameters;

b) minimize the potential error sources (alignment, cempensation, dead
path, etc.); (see ISO 230-2:2014, Annex A. See also 13 a), b) ,c);

c) simulate the working conditions of the machine tool as closely as
possible.

Each individual set-up should be carefully<analysed to ensure that meas-
urements of machine tool errors represent workpiece errors. Measure-
ments should reflect the relative mations of the cutting tool and the
workpiece. It should always be arranged to mount one optical component
where the cutting tool would beZsituated and the other optical componer
at the workpiece position.

—

The laser should be locatéd to maximize the number of measurements
that can be made without repositioning the laser head. Although laser syp-
tem measurements are extremely accurate, bear in mind that their cor-
rectness depends-on the initial set-up and elimination of potential errors|

A kind of optical measuring instrument.

=

Key

1 laser head

2 interferometer
3 retro reflector

Figure 18 — Typical setup of laser interferometer for linear displacement

48 © ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=807e9d1ab7ca6c91b301996e1ad3ca5a

7.2.2 Reference linear scale
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1 Name of instrument Digital linear scale

2 Description Digital scales use a sliding head to create position signals from
stationary scale consisted of optically or magnetically pro-
duced digital markings with equal in-between spacing. These
markings are manufactured precisely as length standards. The
signals are interpolated to achieve finer resolution.

3 Typical size From 50 mm to 3 000 mm (steel/ glass)
More than 10 000 mm (tape scale)

4 Example measuring range Depends on the size

5 Typical MPE or linearity 6 pm in full reading range (1 000 mm, JIS class\0)
or (3+3L/1000) pm where L is the effectivé measurinjg length

6 Example of reduced (correct- [0,5 pm

ed) MPE at specific points

7 Typical resolution 0,01l umto 1 pm

8 Example repeatability 0,2 pm

9 Frequency response Depends on interpolation system and electronics devices

1 Measuring force or load —

11 |Operating environment Workshop conditions

12 |Long-term stability of reading |Depends on circumstances

1B |Equivalent thermal expansion |11 for steel, 8.for glass material, 1 for Inver and 0 for Ulfra-low

coefficient in um/(m °C) expansion,(ULE) glass scale
14 |Related standards JIS B7450,7B] 42036
15 [Reference to ISO 230 series 1S0,230-1:2012, 8.3.2.2
b |Uncertainty of measurement |Major contributors: see Table D.2
EXAMPLE: —
f |Example of figures See Figure 19

18 |Remarks Digital scales used for machine tool calibration are moynted
on the special rig for easy handling and placing on the machine
table. The reading head is placed with linear guiding system to
keep constant gap between scale surface and reading head.

Key

1 digital linear scale

2 mounting base with guide

3 reading head

Figure 19 — Reference linear scale
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7.2.3 Standard scale

1 Name of instrument Standard scale
2 Description Standard scale has ruled, engraved or etched markings with
equal in-between spacing. The line pitch and total distance are
calibrated.
3 Typical size From 100 mm to 1 500 mm (steel/glass)
4 Typical measuring range Depends on the size
5 Sizednmm 100t6—200t0—300t0—400 0 1500 t0 600+t 800 to—
200 300 400 500 600 800 1000
Typical MPE or linearity in pm | 1,2 1,3 1,4 1,5 1,6 1,8 20
6 Example of reduced (cor- 0,5
redted) MPE at specific
points in pm
7 Exgmple scale line pitch 1 mm
8 Example repeatability 0,2 pm (according to reading device)
9 Materials The material used are nickel, stainlesssteel, steel, normal glass
and low expansion glass
10 |Mepsuring force or load None
11 |Operating environment Workshop conditions
12 |Long-term stability of reading |Depends on circumstances
13 |Equivalent thermal expansion |11 for steel, 8 for glass,material, 1 for Invar and 0 for Ultra Low
codfficient in pm/(m°C) Expansion glass scale
14 |Relpted standards JIS B7541
15 |Reflerence to ISO 230 series 1SO 230-1:2012,8.3.2.2
16 |Ungertainty of measurement |Major contributors: see Table D.2
EXAMPLE: —
17 |Exdmple of figures See Figure 20
18 |Remnarks The'line positions are read by microscope with reticule line,
CCD with reference line and photo-electric microscope. Reading
accuracy is affected by supporting point. It is recommended to
support with Bessel points (distance = 0,559 L) to minimize the
distortions.
1
| /////////V////////QKZ
Key
1 line (scale)
2 base unit
Figure 20 — Standard scale
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7.3
7.3.1 Contact-type sensors

7.3.1.1 Dial gauges

ISO/TR 230-11:2018(E)

Instruments for short range linear displacements

1 Name of measuring transducer

Dial gauge, lever type dial gauge

2 Description

Dial gauge is a small, compact instrument for use on machines,
surface plate, for numerous other purposes. This instrument

has a linear travelling plunger and dial that indicates

ment. The linear plunger travel is converted to rotatiom motion,

e.g. by gears or twisted strips, that is indicated by, poi

isplace-

er

coefficient in um/(m °C)

3 Typical size 50 mm diameter. 50 mm plunger length.
4 Typical measuring range 2 mm, 10 mm
5 Typical MPE or linearity 14 pm in full reading range
6 Typical resolution 2 pum
7 Typical repeatability 1 um (single direction)
3 pm (bidirectional)
8 Frequency response less than 5 Hz
9 Typical Measuring force or load|0,4 N
1 Operating environment Workshop conditiens
11 |Long-term stability of reading |Depends on ciscumstances
12 |Equivalent thermal expansion |11

Related standards

ISO 463, JIS B 7503,BS 907,DIN 878, NFE 11-050,
ISIR19675,14526

JIS B 7533

14 |Reference to ISO 230 series

Uncertainty of measurement

Major contributors: see Table D.2

EXAMPLE: —

Example of figures

See Figures 21 a) and b)
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17 |Remarks For details of dial gauges, reference should be made to ISO 463.
Ordinary tests can be made with 0,01 mm dial gauges, but for
more precise tests (e.g. run-out of a spindle functional surfac-
es of a machine tool), dial gauges with 0,001 mm resolution
should be employed.

It is emphasized that the principal characteristics of these
instruments are:

a) the error tendency such a linear, concave, convex and sin
wave:

b) the maximum value of hysteresis;

=

c) the extreme values of the measuring force at the beginning
and end of the stroke of the stylus;

p

d) the maximum local variation of the measuringyforce (this
force generally has different values for the in-and-out move-
ments of the plunger at every position in the’stroke); and

e) the repeatability when used upside-down.

[t is recommended that the dial gauges'used have a short
stroke, low hysteresis and a light contact force.

For lever type dial gauges, it isemphasized that the alignment
between the lever action ditéction and displacement to be meaf-
ured should be parallel. Otherwise, cosine error is generated.

When the dial gaugessare applied to measurement with motiop,
the motion direction'should be the correct direction that does
not harm pivot action of the lever.

g—"

a) Dial gauge b) Lever type dial gauge

contact point
plunger
reading dial

body

1
2
3
4  support
5
6 lever

Figure 21 — Dial gauges
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1 Name of measuring transducer |Linear variable differential transformer (LVDT)

2 Description Linear variable differential transformer produces an output
which is proportional to the displacement of a movable core
within the field of several coils. As the core moves from its null
position, the voltages induced by the coils change, producing
an output representing the difference in induced voltages. The
LVDT gauge head can be either a cartridge or a lever-head type.

3 Typical size 8 mm diameter; 90 mm length (linear probe)

15 mm x 17 mm x 90 mm (lever type)

4 Typical measuring range 4 mm (linear type); 0,6 mm (lever type)

5 Example MPE or linearity 4 % of full scale (lever type)

6 Typical resolution 0,01 pmto 0,1 pm

7 Example repeatability 0,02 (linear type) 0,1 um (Lever typ€)

8 Frequency response approximately 20 Hz

9 Typical measuring force or load|1 N (linear type) 0.1 N (lever.type)

1 Operating environment -10°Cto +75 °C

11 |Long-term stability of reading |Depends on circumstanees

12 |Equivalent thermal expansion |11

coefficient in pm/(m °C)

1B |Related standards JISB 7536

14 |Reference to ISO 230 series —

15 |Uncertainty of measurement |Major coentributors: see Table D.2
EXAMPLE: —

16 |Remarks Equivalent thermal behaviour can be changed by the clamping
position and the method.

1Y |Example of figures See Figure 22
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5
®

a) Lever type b) Plunger type Q’\
Key N
1 contaft point lever ,'\

Q
2 lever q:b
3 body
4  suppdrt plate &
5 direction change lever %O
6  plunger 5\\
& )
Figure 22 — Linear variable differentia@nsformer
N\
N
7.3.1.3 |Linear scale displacement gauge (%)
N\
1 Name of measuring transducer|Linear scale d1§p§cement gauge
2 Degcription This type of g&\tlge consists of small linear digital scale, linear
dlsplace guide and contact probe. Reading range (travel

range) reater than the LVDT, normally 5 mm to 30 mm range

m to 0.1 pm resolution. Applied digital scales are capaf-
1t1v magnetic and photo-electric scale. In the capacitive scale
ype possible response speed is limited. Dial gauge type can b
'obtained (see example Figure 23)

D

h
Oﬂ

3 Typical size 12 mm diameter, 50 mm length
4 Typical measuring rq@J 5 mm to 50 mm
5 Typical MPE or llp@@ity 0,4 % of full scale
6 Example of red@e\d (correct- |2 digit
ed)] MPE at @?c”lfic points in
pm
7 Typiga&ggolution 0,0l pmto 1 um
8 Repeatability Depends on circumstances
9 Frequency response approximately 1 kHz (depending on interpolation system and

electric device)

10 |Typical measuring force or load |2 N

11 |Operating environment 0°Cto50°C

12 |Long-term stability of reading |Depends on circumstances

13 |Equivalent thermal expansion |8 (glass)
coefficient in pum/(m °C)

14 |Related standards none
15 |Reference to ISO 230 series —
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16 |Uncertainty of measurement |Major contributors: see Table D.2
EXAMPLE: —
17 |Example of figures See Figure 23 a) and b)
a) Plunger type
&
1| contactpoint \Q
2| plunger 5\0.\
3 | body with linear scale %)
&

4 | output cable $
5| digital reading display A»\Q,

7.8.2 Non-contact sensors®’ .

O
Figure 23 V;[\.inear scale displacement sensor
S

7.8.2.1 Capacitive dis;fgrement sensor

1 Name of me;s}iﬁng transducer |Capacitive displacement transducer
Descript'(@J Capacitive gauge; Capacitive displacement measuremg¢nt
é‘ systems are based on the functioning of ideal plate capacitors.
Q?‘ If the distance between the two capacitor electrodes Varies,
é the voltage value of the capacitor will change accordingly. In
,«'\?” a non-contact displacement measurement application the two
OJ plate electrodes consist of the sensor and the target. The gage
head can be efther contact or non-contact type.
3 Typical size 5 mm diameter; 50 mm length
4 Typical measuring range 0,2 mm (depending on resolution)
5 Example MPE or linearity 0,4 % of full scale
6 Typical resolution 0,01 pm to 0,1 pum (corrected frequency bandwidth can change)
7 Repeatability Depends on circumstances
8 Typical frequency response Approximately 100 kHz (Resolution can change. See item 5)
9 Measuring force or load Non-contact
10 |Operating environment 0°Cto50°C
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11 |Long-term stability of reading |Depends on circumstances
12 |Equivalent thermal expansion |As same with case materials
coefficient in um/(m °C)

13  |Related standards None

14  |Reference to ISO 230 series ISO 230-3, IS0 230-7

15 |Uncertainty of measurement Major contributors: see Table D.2
EXAMPLE: —

16 |Remarks Applicable displacement range is small, normally 0,1 mm to
0,2 mm depending on maximum resolution and bandwidtholf
maximum resolution becomes 10 nm level, then possible-range
is generally 100 pm.

17 |Exqmple of figures —

7.3.2.2 |Eddy current displacement probe

1 Npme of measuring transducer |[Eddy current displacement transducer

2 Description An electric a.c. current in the reference coil creates an electrp-
magnetic field, which combines with the field produced in the
active coil. The resultant electromagnetic field interacts with
a conductor producing a current flow on the surface and with-
in the target. The induced/current produces a magnetic field
which opposes and reduces the intensity of the original field.
This changes the effective impedance of the active coil, whi¢h
is detected by the'Signal conditioning electronics. This change
is used as a displacement sensor.

3 Typical size 5 mm diametéer, 20 mm length

4 Typical measuring range 0,5 mm

5 Typical MPE or linearity 0,1 %-t0-0,5 % of full scale

6 Typical resolution 04 pm

7 Typical repeatability 0;2 pm

8 Exkample frequency responée)” |50 kHz

9 Measuring force or load non-contact

10 Operating environment 0°Cto50°C
Sensitive to the target materials, grain size, heat treatment.

11 Ekample longiterm stability|0,15 pm per month

of reading
12 Efjuivalent thermal expansion|Nearly same with steel
coefficient

13 RL]afnr‘ standards None

14 Reference to ISO 230 series —

15 Uncertainty of measurement |Major contributors: see Table D.2
EXAMPLE: —

16 Example of figures —

56 © 1S0 2018 - All rights reserved



https://standardsiso.com/api/?name=807e9d1ab7ca6c91b301996e1ad3ca5a

ISO/TR 230-11:2018(E)

7.3.2.3 Fibre optic displacement sensors

1 Name of measuring transducer |Fibre optics displacement sensor
2 Description The distance of an object from the face of a fibre optic bundle
consisting of source and receiving fibres can be determined based
on the intensity of reflected light that is sensed. When the sensor
is very close to the surface, the light cannot be reflected into the
receiving fibres. The receiving fibres transmit the reflected light
back to a photodiode, which measures the intensity.
3 Typical size 3 mm to b mm diameter
4 Typical measuring range 0 mm to 0,5 mm
5 Typical MPE or linearity 5 % of full scale
6 Typical resolution 10 nm
7 Repeatability Depends on circumstances
8 Typical frequency response 100 kHz
9 Measuring force or load Non-contact
1 Operating environment Workshop conditions
11 Long-term stability of reading |Depends on temperature stability
12 Equivalent thermal expansion|Nearly equal to fibre materials (glass or plastics)
coefficient in um/(m °C)
1B Related standards —
14 Reference to I1SO 230 series —
15 Uncertainty of measurement |Major contributors: see Table D.2
EXAMPLE: —
16 Remarks Sensitivity is depending on its bundle patterns (see 13).
Akind of optical instrument.
17 a) |Example of figures See Figure 24
1Y b) |Pattern of fibres Half type, Random type, Coaxial type
1
\-fﬁ, ) 3
2 4
) .
4
Kdy
1 light source connected to the cable
2 detector connected to the cable
3  transmission leg
4  receiving leg
5 target

Figure 24 — Fibre optics displacement sensor
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7.3.2.4 Laser triangulation displacement sensor

1 Name of measuring trans- Laser triangle displacement sensor
ducer
2 Description Light from the laser makes a spot on the surface of the target

and a lens is used to focus scattered light onto the surface of a
photodetector. The output of the photodetector is proportional
to the position of the centre of intensity of the focused image.

3 Example size 100 mm x 150 mm x 50 mm (scan head)
4 Example measuring range 5 mm to 50 mm

5 Example MPE or linearity 4 % of full scale

6 Example resolution 0,02 % of full scale range

7 Repeatability 0,05 % of full scale

8 Example frequency response |2,5 kHz

9 Measuring force or load Non-contact

10 Operating environment 0 °C to 40 °C; Workshop conditions

1

11 Lr:[éng-term stability of read- |—

12 Ecﬁuivalent thermal expan- |—
sipn coefficient in um/(m °C)

13 Related standards —

14 Reference to ISO 230 series |—

15 Uncertainty of measurement |Major contributorsxsee Table D.2
EXAMPLE: —

16 Re¢marks A kind of optieal instrument

17 Example of figures —

7.3.2.5 [Optical focusing displacement.sensor

1 Ndme of measuring transducer{Optical focusing displacement sensor

Dé¢scription Light spot emitted by laser diode is focused on the target sur-
face. The reflected light spot is focused on photo diode. Focus |s
controlled by changing the distance between sensor and targg
by servo control system. This control signal is proportional to
the distance change.

(i

3 Esample size 50 mm x 65 mm (sensing head)
4 Esample measuring range 1 mm

5 Esample MPE or linearity 1 pm of full scale

6 Exampte resotution 00T m

7 Repeatability —

8 Example frequency response |1 kHz

9 Measuring force or load Non-contact

10 Operating environment Workshop conditions

11 Long-term stability of reading | —
12 Related standards —
13 Reference to ISO 230 series —
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14 Uncertainty of measurement |Major contributors: see Table D.2
15 Remarks A kind of optical instrument
16 Example figure —

7.3.2.6 Laser scanning micrometer

1 Name of measuring trans- Laser scanning micrometer
ducer

2 Description Thereare two types Of STATIIig MICTOSTOPE, ONE 15 me;llhanical
beam scanning system, and other is steady beam bandJllight
with CCD detector.
This instrument was originally designed to measure wifre and
tube diameters. The system consists of a laser light soufce,
beam scanning prism, rotation angle measuring system, time
base and two coupled CCD arrays that,detect the beam position.
The target diameter and its centreosition are calculatpd from
the beam position and prism rotating speed. One systerh can
measure both the centre positienof the wire and its digmeter,
so that it is possible to detect the machine straightness.

3 Typical size 40 mm x 100 mm x 3404nm (depends on heads distanceg)

4 Typical measuring range 0,3 mm to 30 mm

5 Typical MPE or linearity 5 % of full scale

6 Typical resolution 0,01 pm to 100-um

7 Typical repeatability 0,3 um

8 Typical frequency response |Depends;0n averaging cycles. Total data treatment timejs are:
— foraverage number N = 1; 3 ms;
~L_ for average number N = 128; 60 ms; and
— for average number N = 2 048; 870 ms.
[at sampling frequency: 2 400 times/sec]

9 Measuring force orload Non-contact

10 Operating envirenment 0°Cto50°C

11 Long-term stability of reading|0,5 um (0 °C to 50 °C)

12 Equivalentithermal expan- |—

sion coéfficient in pm/(m °C)

1B Related standards —

14 Reference to ISO 230 series [ISO 230-1:2012, 8.2.2.2

15 Uncertainty of measurement |Major contributors: see Table D.2
EXAMPEE—

16 Remarks The instrument can be used for taut wire measurement and
thermal displacement measurement.
A kind of optical instrument.

17 Example of figures See Figure 25
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Key

1 base plate

2 light dcanning head
3 lightileceiver

4 meas]\]lred object

Figure 25 — Laser scanning micrometer

7.3.3 (Cpontact probing system

7.3.3.1 |1D probe (discrete point)

1 Ngme of instrument Touch-Trigger probe

2 D¢scription Touch probe is a senser that detects the relative position between
target and probe holding device with contacting the probe tip.
Touch probe consists of connection device between probe systen
and machine tool, probe housing that include electric sensing

device, probe-bar and contact tip. The sensor detects the contact
between the probe tip and target by mechanical deflection, vibraf
tion, éta.'Probe system is carried by the moving component until
tip.hits the target surface. The signal from the probe generates the
stopping command of moving component. The moving componenit
stops after getting this command. There are some over travelling
distance caused by this delay. The over travelling distance is af-
fected by the motion speed, trigger system delay, and mechanical
hysteresis of the probe construction.

There are two major types of probe, one only detects the contact
and the other continuously detects the relative displacement be-
tween the target and probe system.

This type of probe only detects contact position between target

and probe.

3 Example size and weight: | —
4 Example measuring range |—
5 Example MPE or linearity |—
6 Resolution —
7 Example repeatability 0,1umto 1 pm
8 Example frequency re- 100 Hz

sponse
9 Measuring force or load 05N
10 Operating environment Workshop conditions
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11  |Long-term stability of —
reading
12 Equivalent thermal expan- |11
sion coefficient in um/(m°C)
13 Related standards —
14 Reference to ISO 230 series |ISO 230-3, ISO 230-10
15  |Uncertainty of measure- |Major contributors: see Table D.3
ment EXAMPLE: —
16 Remarks —
17 Example of figures See Figure 26
3
4
J
L
Kdy
1| spindle
2 | tool holder
3| probe
4 | stylus
L | probing tool length
Figure 26 — Touch-Trigger probe
7.8.3.2 1-D probe (scanning)
1 Name of instrument 1-D probe (scanning)
Description 1-D probe is a sensor that detects the relative position betjween
target and probe holding device with contacting the probg tip. 1-D
probe consists of connection device between probe systeh and
machine tool, probe housing that include electric sensing ¢levice,
probe bar and contact tip. The sensor detects the displacement
between the probe tip and target by scale, mechanical deflection,
vibration, etc. Probe system is carried by the moving component
until tip hits the target surface.
3 Example size and weight: |—
4 Example measuring range |5 mm
5 Example MPE or linearity |—
6 Resolution 0,1 um
7 Example repeatability 0,1 pmto 1 pm
8 Example frequency re- 100 Hz
sponse
9 Measuring force or load 0,5N
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10 Operating environment Workshop conditions
11  |Long-term stability of —

reading
12 Equivalent thermal ex- 11

pansion coefficient in pm/

(m °C)

13 Related standards —
14 Reference to ISO 230 series |ISO 230-3, ISO230-10

15 Urjcertainty of measure- Major contributors: see 1able D.5
ment EXAMPLE: —

16 Rgmarks —

17 Example of figures See Figure 26

7.3.3.3 |2-D probe (touch trigger)

1 Name of instrument Touch-Trigger probe

Description Touch probe is a sensor that detects the relative position betwedn
target and probe holding device by ¢entacting the probe tip.
Touch probe consists of connection device between probe syster
and machine tool, probe housingthat include electric sensing
device, probe bar and contact tip. The sensor detects the con-
tact between the probe tip.ahd target by mechanical deflection,
vibration, etc. Probe system is carried by the moving component
until tip hits the target surface. The signal from the probe gener
ates the stopping command of moving component. The moving
component stops@fter getting this command. There are some
over travelling distance caused by this delay. The over travelling
distance is affected by the motion speed, trigger system delay,
and mechanical hysteresis of the probe construction.

=3

There-are two major types of probe, one only detects the contact,
and the other continuously detects the relative displacement
between the target and probe system.

This type of probe only detects contact position between target

and probe.
3 Example size and weight: —
4 Exqmple measuping range |—
5 Example MPE, or linearity —
6 Resolution —
7 Example repeatability 0,1pmto 1 pm
8 Examptefrequency respomse100Hz
9 Measuring force or load 05N

10 |Operating environment Workshop conditions

11 |Long-term stability of read- |—
ing

12 |Equivalent thermal expan- |11
sion coefficient in pm/(m°C)
13  |Related standards —

14 |Reference to ISO 230 series |ISO 230-3,1S0O 230-10
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15 |Uncertainty of measurement

Major contributors: see Table D.3

EXAMPLE: —

16 |Remarks

17 |Example of figures

See Figure 26

7.3.3.4 2-D probe (proportional)

1 Name of instrument 2-D probe
2 Description —
3 Example size and weight: | —
4 Example measuring range |—
5 Example MPE or linearity |—
6 Resolution 0,1 pm
7 Example repeatability 0,1pmto 1 pm
8 Example frequency re- 100 Hz
sponse
9 Measuring force or load 05N
10 Operating environment Workshop conditions

11 Long-term stability of
reading

12 |Equivalent thermal ex-
pansion coefficient in pm/
(m °C)

11

1B Related standards —
14 Reference to ISO 230 series |ISO 230-3, ISO 230-10
15 |Uncertainty of measure- Major contributors: see Table D.3

ment

EXAMPLE: —

16 Remarks

17 Example of figures

8.1 General

8| Straightness.measuring devices

The mechanical artefacts such as test mandrels, straightedge and square can be used as the [reference
for straightness measurement. Straightness can also be measured by the application of a srhall angle
measurement. Other special measurement methods such as the application of optical ingtruments
are_also included in this clause. For uncertainty contributors (see also Table D.3) Table 9 dhows the

summary of straightness measuring devices with typical measuring range.
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Table 9 — Typical measuring range of straightness measurement devices

Straightness

measurement 10 mm 100 mm 1m 10 m

Typical applicable range (length)

Straightedge

<
<

v

Test mandrel

P
<

v

Taut wire with
microscope

Laier with straightness
optlics

v

A

—

ignment telescope

A
v

Twp planes laser
scapning device

A
v

A

—_

ignment laser

A
v

Level with integration
method

A

1DJf2D ball array

2 djmensional digital
scaje

8.2 Taut wire with optical reading device

1 Naine of instrument

Taut wire with optical reading device

2 Degcription

The horizontatdeviation of the wire centre is measured by a
microscope.or other optical device to evaluate the straightness
the machine motion on which the microscope is fixed.

3 Typical size in mm

Diameter should be less than 0,1 mm to 0,7 mm

Typical material

Steel or nylon strings

5 Reqommended reading sys-
tem

Microscope with reticle and micrometer adjustment to indicate
its position accurately in respect to the taut wire.

Instead of using microscope, CCD, laser scanning micrometer or
other image processing devices can be applied to detect the wir
image. With the electric image detecting devices, wire position
can directly readout by the system.

Laser scanning micrometer; (See 7.3.2.6)

197

6 Op¢ratingenvironment

Workshop conditions

As air draught influences the stability of the wire, still air condi

tion (low temperature gradient, etc.) required

7 Related standards

8 Reference to ISO 230 series

[SO 230-1:2012, 8.2.2.2
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Table 9 (continued)
9 Uncertainty of measurement |Major contributors: straightness of wire, tension force; see
Table D.3
EXAMPLE: —
10 |Remarks The microscope can be adjusted on the machine by means of

a precision level (which can be integral with the microscope
support). The two ends of the wire are lined up by means of the

cross-hairs of the measuring microscope. Readings are taken in
the horizontal pl:\np asthe table is traversed

Care should be taken when handling the wire, whichshepld be of
sufficient tension and free from kinks. The wire diametef should
be as small as possible, in any case not more than 0;1 mnj.

Vertical configuration is possible for measurement of veiftical
column straightness measurement.

11 |Example of figures See Figure 27

Kdy

1| tautwire

2 | microscope

3 | microndeter head
4 | machine slide

NOTE See also ISO 230-1:2012, 8.2.2.2, Figure 39.

Figure 27 — Taut wire with microscope
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8.3 Laser interferometer with straightness optics

1 Name of instrument

Laser interferometer with optical accessory

Description

The outgoing beam from the laser passes through the straight-
ness interferometer which splits it into two beams which
diverge at a small angle and are directed to the straightness
reflector. The beams are then reflected from the straightness
reflector and return along a new path to the straightness inter-
ferometer as shown in the figure. At the straightness interfer-

UlllCtCl, t}lC tVVU lucouua dlI T LUIIVTI scd Cllld =} aius}c ll)CCllll iD ) ot
turned to the entry port in the laser head. There are two types
of optics, one with plane mirrors and others with 90° mitror.

3 Exdmple size in mm

42 mm x 160 mm x 42 mm reflector and
40 mm x 50 mm x 30 mm interferometer

Exdmple measuring range

+2,5 mm for measuring length 0,1 m to 4 m

Exdmple MPE or linearity

1 % of full scale

Exdmple resolution

0,01 pm

Exdmple repeatability

Frequency response

O (0| | |Ul| s

Op¢rating environment

Workshop conditions

urgment

10 |Long-term stability of meas-

11 |Equivalent thermal expansion
cogffficient in um/(m °C)

12 |Relpted standards

13 |Reflrence to ISO 230 series

ISO 230-1:2022, 8.2.2.5

14 |Ungertainty of measurement

Major coritributors: see Table D.3

EXAM®PLE: U = 2 pym/m in temperature controlled room, U= 6
um/m in normal workshop [U(k = 2)]

15 |Remarks

A kind of optical instrument

16 |Exdmple of figures

See Figure 28
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Kdy
laser head
Wollaston prism
two plane mirror

8.4 Alignment telescope

Figure 28 — Laser interferometer with straightness optical accessory

1 Name of instrument Alignmerit'telescope
Description The alignment telescope with accessories is designed to tg¢st

strdightness, parallelism and squareness. Through an arrpnge-
ment of lenses contained in tubular housing, a view of horfizontal
and vertical cross-wires can be projected onto a target.
The vertical and horizontal displacement of the cross-wirgs to the
target is measured directly in millimetres using the micr¢meter
dials. The graduated focusing dial varies the position of the focus-
ing lens, enabling targets to be focused from zero to infinity. The
focus of the cross-wires is achieved at the eyepiece. The t¢lescope
is most commonly mounted on a horizontal base containipg a
spherical trunnion to allow lateral and vertical adjustmerts of the
line of sight. Straightness can be measured by moving the|target
along the line of sight. Accessories to accommodate precigion
levels and optical squares extend the capacity of the instriment to
measure parallelism and squareness.

3 Example size 500 mm x 200 mm x 100 mm

4 Example measuring range |1 m to 10 m depending on uncertainty of measurement

5 Example MPE or linearity |3 pm/1 m, 10 pm/5 m

6 Example resolution 1 um

7 Repeatability —

8 Frequency response —

9 Measuring force or load Non-contact

10 Operating environment Workshop conditions
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11 Long-term stability of —
reading
12 Equivalent thermal ex- —
pansion coefficient in pm/
(m °C)
13 Related standards —
14 Reference to ISO 230 series |ISO 230-1:2012, 8.2.2.3
15 Uncertainty of measure- |Major contributors: see Table D.3
ment
EXAMPLE: U =3 pm/1 m [U(k = 2)] measurement under controll¢d
circumstance
16 R¢marks The centre of the target should be situated as near to the\functiof-
al point as possible. The distance between the optical axis of the
telescope and the centre of the target should be readdirectly on
the reticule or by means of the optical micrometer:
Ensure that the micrometer dial readings afe‘interpreted correct-
ly, i.e. +ve is not confused with -ve. A suggested rule of conventiopn
is the “LURD” principle [see Figure 29 b)]-(i.e. left, up, right, dowy).
A kind of optical instrument
17 Esample of figures See Figure 29
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b) LURD principle

telescope

eye piece
adjusting table
up

left

down

right C)

N(QTE

o~ O 0w N e

c) View of cross wire, target and micrometgr dials

See also IS%Q—l:ZOlZ, 8.2.2.3.

Figure 29 — Alignment telescope
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8.5 Two planes laser scanning device

1 |Name of instrument Two planes continuous sweeping laser with two single axis targets
Description Continuously sweeping laser planes are produced by bending a laser
beam precisely 90° using an optical pentaprism.
Laser planes are used as references to measure the straightness
of machine axes. The horizontal deviation and vertical deviation
from the laser planes are measured by an optical target sensor for
each axis to evaluate the vertical straightness and the horizontal
straightness of the machine motion on which the targets are fixed.
The scanner laser is mounted on an adjustment base with pitch
roll and yaw adjustment for fine alignment of planes parallel|to’the
machine movement. Two accurate levels allow to determine the paf-
allelism to the horizontal plane or to gravity. Same system can be
applied to straightness measurement and squarenessmeasuremerit.
3 |Example of laser emitter Overall dimensions: 280 mm x 220 mm x 220 mum; weight: 4,5 kg
size
4 |Example of target sensors |60 mm x 110 mm x 50 mm; 400 g
dimgnsions and weight
5 |Example of measuring 30 m
range
6 |Example of beam straight- {0,001 mm/m # 0,002 5 mm/m_ fof air noise
ness
7 |Example of laser plane 0,25” or 0,001 mm/m + maximum translation error of 0,001 3 mm
flatmess ina 90° sweep
8 |Example in laser plane Top laser plane to side laser plane squareness: 0,005 mm/m
squfireness
9 |Example of targets resolu- |Cell range 5 miw; resolution: 0,000 25 mm; MPE: 0,001 5 mm
tionfand MPE Cell range.24 mm; resolution: 0,000 5 mm; MPE: 0,003 5 mm
10 |Recpmmended reading Multiple-axes display based on display with wireless connection to|
systiem the Sensors or wireless interface to PC in order to collect and mem¢-
rize'data for further analysis and reporting
11 |Opefating environment Workshop conditions
The performance of a laser system is affected by turbulence in the
atmosphere, it is extremely important to use both the fans to mix
the air and electronic noise filtering when maximum system MPE i
required.
12 |Reldted standards —
13 |Ref¢renceto ISO 230 series |ISO 230-1:2012, 12.2.5.3
14 |Uncprtainty of measure- Major contributors: see Table D.5
ment EXAMPLE: Typical value for uncertainty U =5 um on 3 m travel
[U(k = 2)]
15 |Remarks The horizontal and vertical straightness can be collected at the
same time
A kind of optical instrument.
16 |Example of figures See Figure 30
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Figure 30 — Two planes continuous sweeping laser with two single axis target$

8.6 Alignment laser

1 Name of instrument Alignment laser

2 Description The alignment laser withfacces-
sories is designed to test ptraight-
ness, parallelism and squpreness.
The laser beam is used ag refer-
ence and the deviation in|distance
between the laser beam gnd the
measurement object is mgasured
in two or more positions,|with
the use of the two dimengional
position detector. The veftical
and horizontal displacemfent of
the spot on the target is measured
directly in millimetres uging the
two dimensional sensor. $traight-
ness can be measured bymoving
the target along the line df sight.

3 Example size Receiver: 60 mm x 50 mnp x
40 mm; 120 g
Transmitter: 60 mm x 60|mm x
140 mm; 1100 g

4 Example measuring range up to 50 m depending on uncer-
tainty of measurement

5 Example MPE or linearity 1 % of full scale or 6 um

6 Example resolution 1 um

7 Repeatability 3 um

8 Frequency response 3 Hz

9 Measuring force or load Non-contact

10 |Operating environment 0 °C to 50 °C, workshop environ-
ment.

11 |Long-term stability of reading —

12 |Equivalent thermal expansion coefficient in pm/(m °C) —

© ISO 2018 - All rights reserved

71


https://standardsiso.com/api/?name=807e9d1ab7ca6c91b301996e1ad3ca5a

ISO/TR 230-11:2018(E)

13 |Related standards —
14 |Reference to ISO 230 series ISO 230-1:2012, 8.2.2.3
15 |Uncertainty of measurement Major contributors: see Table D.3
EXAMPLE: -
16 |Remarks There are several types. Some can
operate with wireless operation.
Application to flatness, paral-
lelism and squareness meas-
ur Clllclltb dal'T a}ou PUDD;‘G}C- Thc
centre of the detector should.be
situated as near to the functionall
point as possible.
A kind of optical instrument
17 |Exgqmple of figures See Figure 31
1
Key
1 transinitter
2 receiver

9 Squareness measuring devices

9.1 Gel

Squarene
square. T
optical in
squarene

Figure.31,— Alignment laser

heral

ss measurement-is performed with mechanical artefacts such as square and cylindri
his section ifidicates angle measuring devices with application of other instruments such
struments.\For uncertainty contributors (see also Table D.4). Table 10 shows the summary
5s measuring devices with typical measuring range.

al
as
of
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Table 10 — Typical measuring range of squareness measuring devices

Squareness Typical applicable working range (length)
measurement 10 mm 100 mm 1m 10 m

Reference squares

v

&
<

A
v

Reference cube

A
v

Laser with squareness
optics

Optical square with
angle reading device

Index table with —r
straightedge

A
v

Three planes laser
scanning device

A
v

A
v

Ball bar application

A
v

2D ball array

Two dimensional < >
digital scale

9.2 Laser interferometer with squareness and straightness optics

Name of instrument Laser interferometer with optical accessory

Description Squarenéss measurements are carried out by making|straight-
ness Measurements along each of the two nominally drthogo-
nahaxes of interest, using a common reference.

A common reference is required so that the two sets df
straightness measurements can be compared and thefout of
squareness of the two axes calculated.

The common reference is normally the optical alignmegnt of
the straightness reflector, which is neither moved (relptive
to the table), nor adjusted, between the two straightne¢ss
measurements. An optical square is used for at least one of
the straightness measurements to allow the laser beam to
be aligned along each axis without touching the straightness
reflector.

The optical principles of squareness measurements aie the
same as those for straightness measurements, but with the
additional use of the optical square.

Exampie size i 60T X 16 0TI X 60 1T, (o pticat umit)
Example measuring range *3/(measuring length in m)

Example MPE or linearity 1 % of full scale

Example resolution 0,01 pm/m

Example repeatability —

Frequency response —

Neliool b NNl e N RO B OV}

Operating environment Workshop environment.

10 |Long-term stability of measure- |—
ment
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Table 10 (continued)

11 |Equivalent thermal expansion |—

coefficient
12 |Related standards —
13 |Reference to ISO 230 series ISO 230-1:2012, 10.3.2.4
14 |Uncertainty of measurement Major contributors: see Table D.3

EXAMPLE: —

15 |Remarks A kind of optical instrument
16 |Exdmple of figures See Figure 32 ,\Q)
Key
1 laser head
2 Wollakton prism @ .
3 opticdl square O
4  two-plane mirror OC)

Figure 32 — Laser @erferometer with squareness and straightness optical accessory
9.3 Index talé{)?lh straightedge
1 Narp.écfmstrument Index table with straightedge
2 Désesi pHen
3 Example size and weight:  [200 mm x 200 mm x 60 mm; 3 kg
4 Example measuring range [360°
5 Example MPE or linearity |0,4"
6 Example resolution 2° (180 division)
7 Example repeatability 0,2"
8 Frequency response —
9 Measuring force or load —
10 Operating environment Workshop conditions
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11 Long-term stability of —
reading

12 Equivalent thermal ex- —
pansion coefficient in pm/
(m°C)

13 Related standards —

14 Reference to ISO 230 series [ISO 230-1:2012, Figure 65

15 Uncertainty of measure- Major contributors: see Table D.3
EXAMPLE: —
16 Example of figures See Figure 33
Mx

L.

Kdy
straightedge at 0°

index table

straightedge at 90"

linear displacement sensor
My X-directiommotion

My Y-direction motion

Figure 33 — Index table with straightedge
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9.4 Three planes laser scanning device

1 |Name of instrument Three planes continuous sweeping laser with two single axis targets
Description Continuously sweeping laser planes are produced by bending a laser
beam precisely 90° using an optical pentaprism.
Laser planes are orthogonal to each other and, thus, can be used
as reference to measure the squareness between surfaces or ma-
chine axes.
Tholacar nlana 1o o da oo llal +0 o cinfoon o lin of ot o by
I 1IIC ITAOCT l.llblll\' 1o I1I1IdAdauUcC l.l(/ll AdIICI LU d oUulidliu Ul 1111C UL 111IUL1IVvIl Ll-y
adjusting the pitch, roll or yaw of the laser base until the target dis
plays the same reading at each reference point. The targets arejtheh
used to measure the deviation from the reference points up te'30 m
away from the laser. Two accurate levels allow to deterniinate the
parallelism to the horizontal plane or to gravity. Samé system can
be applied to straightness measurement and flatnessaneasurement.
3 |Exaple of laser emitter  |Overall dimensions: 280 mm x 220 mm x 220 pint;-weight: 4,5 kg
sizeland weight
4 |Example of target sensors |60 mm x 110 mm x 50 mm; weight: 400 g
dimpnsions and weight
5 |Example of measuring 30 m each direction
range
6 |Example of beam straight- {0,001 mm/m # 0,002 5 mm/mfor air noise
nesg
7 |Example of laser plane 0,25" or 0,001 mm/m +maXimum translation error of 0,001 3 mm
flatpess ina 90° sweep
8 |Example in laser plane Top laser plane to;side laser plane squareness: 0,005 mm/m
squdreness
9 |Example of targets resolu- |Cell range 5.mm; resolution: 0,000 25 mm; MPE: 0,001 5 mm
tionfand MPE Cell range 24 mm; resolution: 0,000 5 mm; MPE: 0,003 5 mm
10 |Recpmmended reading Multiple axes display based on display with wireless connection to
system thésensors or wireless interface to PC in order to collect and store
data for further analysis and reporting.
11 |Opefating environment Workshop conditions
The performance of a laser system is affected by turbulence in the
atmosphere, it is extremely important to use both the fans to mix
the air and electronic noise filtering when maximum system MPE i
required.
12 |Reldqted standards —
13 |Refdrenee'to ISO 230 series [I1SO 230-1:2012, 12.2.5.3
14 |Uncertaintyrofmeasure Majer-contributorsiseeTable B-5
ment EXAMPLE: Typical value for uncertainty U =5 pm on 3 m travel
[U(k = 2)].
15 |Remarks The three plane squareness can be collected without repositioning
the instrument and change the references points.
A kind of optical instrument
16 |Example of figures See Figure 34
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1

10.1 General

F1
m
of
in
m

/Axis3 e |

R --v-;ﬁ‘mﬁfru

Figure 34 — Three planes continuous sweeping laser with twosingle axis targe

D Flatness measuring devices

htness can be measured with reference artefactsosuch as straightedge, surface pla
functional surfaces of machine tool compornents (see ISO 230-1). Other applicable
pasuring range.

Table 11 — Typical measuring range of flatness measuring devices

[S

e. Angle

basurement instrument such as levels, autocollimators can be applied for measurement df flatness

easuring

struments are also indicated. Table 11 shows the summary of flatness measuring devices wifth typical

Flatness Typical applicable working range (length)
measurement 10 mm 100 mm 1m 10m
Surface plate < >

A
v

Sweep optical square

Laser with angular
optics

A
v

Single-planes laser
scaniing device

A
v
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10.2 Sweep optical square

1 |Name of instrument Sweep optical square

Description The sweep optical square is used in conjunction with the alignment
telescope and three datum targets to establish a reference plane
which enables a surface to be checked for flatness (see Figure 35).
The telescope is mounted in a frame which carries a rotating opti-
cal unit housing a pentagonal prism. The frame contains adjustable
supports to bring the plane swept by the instrument to the centre
Uf t}lC datuux tal SCtD. Thc tﬂl SCtD al'T fULLlDCd ad dCDLl ;]I.}Cd ill ﬁ,
and a micrometer dial on the rotating optical unit measures the
vertical displacement of the targets with respect to the cross:wires.

[72)

3 |Example size 600 mm x 300 mm x 300 mm
4 |Example measuring range |Upto 10 m

5 |Example MPE or linearity |5 um/2 m

6 |Example resolution 0,002 mm

7 |Example repeatability Depends on the circumstances
8 |Frequency response —

9 |Meapuring force or load Non-contact

10 |Operating environment Workshop environment

11 |Long-term stability of read- |—
ing

12 |Equjvalent thermal expan- |—
sion|coefficient in um/(m °C)

13 |Reldted standards —

14 |Refdrence to ISO 230 series [ISO 230-1:2012,12.2.5.1

15 |Uncertainty of measurement|Major contributors: see Table D.3

EXAMPLE:U = 2 um/1 m square [U(k = 2)]

16 |Remlarks The following precautions should be taken in use.

a)\"Avoid using where there are changes in temperature which
could cause undue refraction.

b) Ensure that the base of the magnetic target mount is clean.

¢) Ensure that the micrometer dial readings are interpreted cor-
rectly, i.e. positive is not confused with negative. A suggested rule
of convention is the LURD principle [see Figure 29 b)].

d) Ensure that focus settings are sharp.

e) Whenever possible, ensure that the instruments are mounted
rigidly.

A kind of optical instrument

17 |Example of figures See Figure 35
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Kdgy

A | firstreference target

B | second reference target
C | third reference target
D | sweep optical square

E | movable target mirror

Figure 35 — Sweep optical square
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10.3 Laser interferometer with angular optics

1 Name of instrument Laser interferometer with flatness optical accessory

Description The angular interferometer is attached to the turning mirror and
the angular reflector is attached on top of the selected flatness
base. The angular interferometer is placed in the path between the
laser head and the angular reflector.

The laser beam is split into two by the beam-splitter inside the
angular interferometer. One part of the beam (the measurement
beam A1) passes straight through the interferometer and is re-
flected by one of the twin reflectors of the angular reflector baek
through the interferometer and into the laser head. The other
beam (measurement beam Az) passes through the periscope part
of the angular interferometer to the second reflector from where it
returns through the interferometer and into the lasei-head.

An angular measurement is produced by comparing the path
difference between the beams A1 and Ay, (i.e{the measurement

is independent of the distance between thé laser and the inter-
ferometer). The flatness reading displayed’by the software is the
incremental height between the front-and back feet of the flatnesg
baseplate on which the angular reflector is fitted. This incremental
height is calculated from the angular measurement and a knowl-
edge of the distance between-tlie centres of the front and back feef
of the flatness baseplate. This'distance, termed the foot-spacing ig
entered into the calibration software before measurement starts.

For each measurementtline, the angular interferometer (mounted
on the flatness turping mirror) stays stationary, while the reflect¢r
(mounted on a flatness base) moves along the line in incremental
steps defined:by the foot-spacing.

(see 12.2.5.4)

3 Exdmple size in mm 70 mm¥ 40 mm x 40 mm; 70 mm x 40 mm x 40 mm (optical
unit only)
4 Exgmple measuring range |0 m to 15 m, # 1,5 mm
5 Exgmple MPE or linearity. 1,2 % of full scale
6 Exdmple resolution 0,01 um
7  |Exgmple repeatability 2"
8 Frequency response —
9 Op¢rating efivironment Workshop environment.
10 |Long-termistability of —
mepsirement
11 |Eqtivalentthermatexpan
sion coefficient
12 |Related standards None
13 |Reference to ISO 230 series |See 12.2.5.4
14 |Uncertainty of measure- Major contributors: see Table D.3
ment
EXAMPLE: —
15 |Remarks A kind of optical instrument
16 |Example of figures See Figure 36
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A
e
<

laser head

angular interferometer
turning mirror

angular reflector

guide plate

-, C-E, lines of measurement
5, G-A,
-F D-H,
H, C-G

DI>UJD'JD>U'I~PWNH

Figure 36 — Laser interferometerwith flatness optical accessory

10.4 Single plane laser scanning device

1| |Name of instrument Single plane continuous sweeping laser with one or three gingle
akxis'targets.

2| |Description €ontinuously sweeping laser plane is produced by bending|a laser
beam precisely 90° using an optical pentaprism. Laser plarme is flat
and can be used as reference to measure the flatness of a machine
surface both horizontally and vertically. The laser plane isjmade
parallel to a surface by adjusting the pitch, roll or yaw of the laser
base until the targets displays the same reading at each reference
point. The targets are then used to measure the deviation from
the reference points up to 30 m away from the laser. Two afcurate
levels allow to determinate the parallelism to the horizontgl plane.
Same system can be applied to straightness and squareness meas-
urements

3| CHExample of laser emitter Overall dimensions: 280 mm x 220 mm x 220 mm; weight:(4,5 kg
Sizeamd weiglht

4 |Example of target sensors |60 mm x 110 mm x 50 mm; weight: 400 g
dimensions and weight

5 |Example of measuring range |30 m radius
6 |Example of beam straight- [0,001 mm/m * 0,002 5 mm/m for air noise

ness
7 |Example of laser plane 0,25" or 0,001 mm/m + maximum translation error of 0,001 3 mm
flatness ina 90° sweep

8 |Example of targets resolu- |Cell range 5 mm; resolution: 0,000 25 mm; MPE: 0,001 5 mm
tion and MPE Cell range 24 mm; resolution: 0,000 5 mm; MPE: 0,003 5 mm
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9 |Recommended reading Multiple axes display based on display with wireless connection to
system the sensors or wireless interface to PC in order to collect and mem-
orize data for further analysis and reporting.

10 |Operating environment Workshop conditions

The performance of a laser system is affected by turbulence in the
atmosphere, it is extremely important to use both the fans to mix
the air and electronic noise filtering when maximum system MPE is
required.

11 |Related-standards J—

12 |Refgrence to ISO 230 series |ISO 230-1:2012,12.2.5.3
13 |Uncprtainty of measurement|Major contributors: see Table D.5

EXAMPLE: Typical value for uncertainty U =5 pm on 3un‘travel

[U(k = 2)].
14 |Renmjarks A kind of optical instrument
15 |Example of figures See Figure 37

,- Plane 1

Figunje 37 — Single plane continuous sweeping laser with one or three single axis targets

11 Angle measuring instruments

11.1 General

Angle mepSuring instruments are classified as follows:

— partial circle (angle) measuring instruments (levels, autocollimator, laser angle measurement
device);

— full circle (360°) angle measuring instruments (Polygon, Precision index, Rotary encoder).

For uncertainty contributors, see Table D.4.
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11.2.1 Precision level
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Name of instrument

Precision level

Description Alevel can be fitted with a micrometer screw or with graduation
lines on the tube, with or without adjustable screw.
In the first case, the changes in slope are read on the deviation of
the micrometer; in the second case fhpy areread dirprﬂ“ on the
graduation lines of the tube. The constant of a level or@pparent
sensitivity, n, is the change in tilt, expressed in millimetres per
millimetre (or in seconds of arc), which produces.aldisplgcement
of the bubble by one division.
3 Example size and weight 250 mm x 50 mm x 50 mm; 1 kg
4 Example measuring range |+1°
5 MPE or linearity MPE of the level should not exceed 0020 mm/1 000 mm [range)
and the bubble should move through at least one division for a
change of angle not greater thaf 0,05 mm/1 000 mm.
6 Example resolution 0,02 mm/m
7 Repeatability 0,01 mm/1 000 mm
8 Frequency response Lessthan 2 s
9 Measuring force or load —
1 Operating environment 0°Cto40°C
11 Long-term stability of 0,01°/°C
reading
12 Equivalent thermal expan- |—
sion coefficient in pm/(m °C)
1B Related standards JISB 7510

14 Reference to ISO 230 series

ISO 230-1:2012, 8.4.2.1,12.1.3.1, 12.2.3.2,12.2.4,12.3.2.2.2,
12.3.2.3.2,12.3.2.8 and 12.3.29

15 Uncertainty of measurement

Major contributors: see Table D.4

EXAMPLE: —

16 Remarks

The flatness of the base should comply with the following tol-
erances:

— 0,004 mm for L < 250 mm;
— 0,006 mm for 250 mm < L <500 mm.

In the case of a level having a continuous unrelieved flat pase, it
is important that the base be not convex.

Tests with a level should be carried out in as short a time as pos-
sible, and measurements should be repeated in the reverse direc-
tion in order to take account of temperature variations which can
occur between the initial and final readings. As their glass tubes
are liable to deform with age, spirit levels should be recalibrated
at regular periods.

The date of each calibration should be given on the levels calibra-
tion sheet.

17 Example of figures

See Figure 38
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Key
L  footlgngth

11.2.2 Electronic level

Figure 38 — Precision level

1 Nphme of instrument Electronic level
Dpscription Hanging pendulum with damping device inclines according to
gravity. Its inclination angle'is detected by linear displacement
sensor or angle encoder.
3 Ekxample size 100 mm x 150 mm %45 mm
4 Example measuring range [£19,99 mm/m or1;999 mm/m
5 Example MPE or linearity |20 % of reading
6 Example of reduced (cor- —
rg¢cted) MPE at specific
ppints
7 Example resolution 0,01:mm/m or 0,001 mm/m
8 Example repeatability 0,001 mm/m
9 Frequency response Lessthan 3 s
10 Measuring force or load —
11 Operating environment 0 °C approximately 40 °C
12 Lpng-term stability of 0,01°/°C
rg¢ading
13 Equivalentthermal expan- |11
sipn coefficient and in pm/
(e

14 Related standards

15 Reference to ISO 230 series

See ISO 230-1:2012, 8.1

84
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16

Uncertainty of measurement

Major contributors: see Table D.4

EXAMPLE: —

17

Remark

Electronic levels, in comparison with precision levels, are more
sensitive, respond faster and can be interfaced to automatic plot-
ting devices, are much affected by human body temperature.

It is important that the magnification be periodically calibrated
using a sine bar to tilt it through a known angle. Some electronic
levels are adversely affected by magnetic force, e.g. magnetic

chucks ormaoneticdialindicator bases
o

Ensure that the surface at 90° to the direction of meag%?ement is
level within the instrument manufacturer's specificatior]. When
checking for absolute level, two readings with the level should
be taken, the second being made after the leveﬁ\has been|rotated
through 180°.

>
The two readings should be algebraic qédded togetherf and
divided by two, to provide the mean‘reading.

When making a topographical \gg%y, it is important to know the
foot distance, L, between theaniddle of the support points, and

to take readings by moving the level and its support in irjcre-
ments of L between eachréading, ensuring that the trailing foot
occupies the same poi at the leading foot occupied dfiring the

previous reading. =\

Example of figures

See Figure 39 h\\)

a) 1D Electronic level b) 2D Electronic level

11.2.3 Inclinometer

Figure 39 — Electric level

1 Name of instrument Inclinometer

2 Description Hanging pendulum with damping device inclines according to
gravity. Its inclination angle is measured by grating, or an angle
encoder up to 45°.

3 Example size and weight 100 mm x 75 mm x 30 mm; 0,5 kg
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4 Example measuring range +45°
5 Example MPE or linearity 2!
6 Example resolution 0,02 mm/m
7 Repeatability —
8 Frequency response Lessthan2s
9 Measuring force or load —
10 |Operating environment 0°Cto40°C
11  |Lopg-term-stabiity-ofreading—0,0446
12 qullivalent thermal expansion |11
codfficient in um/(m °C)
13 |Related standards —
14 |Reflerence to ISO 230 series See [SO 230-1:2012, 8.1
15 |Ungertainty of measurement |Major contributors: see Table D.4
EXAMPLE: —
16 |Remarks —
17 |Example of figures —
11.3 Autocollimators
11.3.1 Autocollimator
1 Ngme of instrument Autocollimator
2 Dé¢scription Target wires take'the place of the light source and these are
illuminated by'alamp and condenser at the side, the light being
reflected along the optical axis by a transparent reflector.
Parallelbeam hit the mirror the inclination of which is to be
measured. The reflected parallel beam is then focused on the
eyepiece graticule to produce the image of the target graticule.
Avrotation of the target mirror (mounted on the moving compof
nent) around a horizontal axis, orthogonal to the optical axis,
entails a vertical displacement of the image of the reticule in
the focal plane. The measurement of this displacement, which ils
made with the ocular micrometer, allows determining the angy-
lar deviation of the mirror.
NOTE Photo-electric autocollimator and laser autocollimator
have the same principle. The reading device is different from the
manual autocollimator.
3 Esample size and weight: 60 mm diameter x 420 mm length: 5 kg
4‘ E).cuuplc IICdS Ul illg Idllgc 9 IIT
5 Example MPE or linearity The micrometer drum is graduated in half-seconds, and with a
good reflecting surface it is possible to obtain repeat readings to
within 1/4 arc second.
6 Example resolution 0,1"
7 Example repeatability —
8 Frequency response —
9 Measuring force or load None
10 Operating environment Workshop conditions
11 Long-term stability of reading|—
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12 Equivalent thermal expan- |—

sion coefficient in pm/(m °C)

13 Related standards JISB 7538

14 Reference to ISO 230 series |ISO 230-1:2012, 8.4.2.2,9.2.1.1,and 12.1.3.2

15 Uncertainty of measurement |Major contributors: see Table D.4
EXAMPLE: —

16 Remarks During measurements, the autocollimator telescope should be
made integral with the component bearing on the line to be
checked, and should be mounted on a steady rigid supp¢rt. Mir-
ror is mounted on the line to be measured. Any deflectipn of the
machine should be noted.

It is important to avoid vibrations or rapid e¢hanges of tem-
perature.
A kind of optical instrument
17 Example of figures See Figure 40
2 3
1
a) Autocollimator b) Field of view of autocollimatdr
Kdgy
eyepiece graticule cross lines
twin setting lines
reflected image of targetgraticule
Figure 40 — Autocollimator
11.3.2 Photo=¢lectric autocollimators
Name of instrument Photo-electric autocollimator
Description Photo-electric autocollimator; Electric devices which ¢an

detect the Image position of the wires 1s involved in the auto
collimator (see Figure 40 b). Because of its high sensitivity and
wide range of capabilities, simultaneous X and y-axis angle
changes can also be read out with one setting.

3 Example size and weight: 60 mm diameter x 500 mm length: 5 kg
4 Typical measuring range +20"

5 Typical MPE or linearity 0,1 % to 0,05 % of full scale range

6 Resolution 0,1t00,01"”

7 Repeatability Depends on environmental conditions
8

Frequency response

30 Hz (at 0,1"); 1 000 Hz (at 1)
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9 Measuring force or load —

10 Operating environment Workshop conditions

11  |Long-term stability of reading |0,2"/m for 1 °C gradient

12 Equivalent thermal expansion |—
coefficient in pum/(m °C)

13 Related standards JISB 7538
14 Reference to ISO 230 series 1SO 230-1:2012,8.4.2.2,9.2.1.1,and 12.1.3.2
15 Uncertainty of measurement |Major contributors: see Table D.4

EXAMPLE: —
16 R¢marks A kind of optical instrument
17 Esfample of figures See Figure 41

Key
1 phototelectric collimator head

2 reading device

Figure 41 — Photo-electric autocollimator

11.3.3 Lpaser autocollimators

1 Name of instrument Laser autocollimators

D¢scription See 11.3.2
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11.4 Laser interferometer with angular optics

1

Name of instrument

Laser interferometer with angle measuring device

Description

For angular measurement to take place, there needs to be a
rotation of one optical component (the angular reflector) with
respect to the other (the angular interferometer). This causes
a change in the path difference between the two measurement
beams, as described below. This change in path difference is
determined by the fringe-counting circuitry in the laser and is

o s ] i 1
CLUIIVUCTI LTU tU dIl ausuuou HICasul TIIClIL, Ul ausuxal CIT r, by the

software.

The angular interferometer is placed in the beam path be-
tween the laser head and the angular reflector, The side of the
angular interferometer with two optical faces face awhy from
the laser head, towards the reflector. For-pitch measufements
along a horizontal axis, both optical.components are npounted
vertically; for yaw measurementsy{they are both mounted hori-
zontally.

The laser beam is split into twa by the beam-splitter cpntained
within the angular interferometer. One part of the beam
passes straight throughthe interferometer and is refl¢cted
from one half of the-angular reflector back to the laser head.
The other beam passes through the periscope of the apgular
interferometertoythe other half of the angular reflectqr, which
returns it through the interferometer to the laser head.

Angular meéasurements are achieved by comparing th¢ path
difference between the beams, (i.e. measurement is inlepend-
ent bath of the distance between the laser and the angular
inferferometer and of the distance between the angular inter-
ferometer and the angular reflector).

Typical size and weight

70 mm x 70 mm x 40 mm; 200 g, both reflector and inferfer-
ometer optics

Example measuring range

Omto 15m; +175 mm/m

Example MPE or linearity

1,2 % of full scale

Example resolution

0,01"”

Example repgéatability

Frequeney response

Measuning force or load

Operating environment

Workshop conditions

Long-term stability of reading

RiRrR[O[0[N|O|u1]| >

Eguivalentthermal exnansion
T r

coefficient in um/(m °C)

Related standards

14

Reference to ISO 230 series

[SO 230-1:2012, 8.4.2.3,12.1.3.3 and 12.2.5.4
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15 |Uncertainty of measurement Major contributors: see Table D.4
EXAMPLE: —

16 |Remarks Correction of environmental influences is of small importance.
Variable conditions are still of concern. Tilt angle other than
the measuring target can affect measurement uncertainty.

A kind of optical instrument

17 |Example of figures See Figure 42

Key
1 laser head
2 interfprometer

3  anglejoptics

)
Figure 42 — Laser interferomété\r with angle measuring device

<

11.5 Reference indexing table with @&al angle reading device

1 Name of instrument ,.\Q\ Reference indexing table (Mechanical polygoh)
2 Description C)U —
3 Example size and weig}@ : 130 mm x 130 mm x 30 mm; 0,6 kg
4 Mejsuring range o\\\o 360°
5 MHE or linearith@a)mmended) 0,5"to 2"
6 Example of @ced (corrected) MPE at specif- |—
ic points N
Ex 1m;é&%solution or step 360/12; 360/8; 360/4
Ex uﬁpl?e repeatability 0,1"
9 Frequency response —
10 |Materials Steel
11 |Operating environment Workshop conditions
12 |Long-term stability of reading —
13 |Equivalent thermal expansion coefficient in Equal to steel
um/(m °C)
13 |Related standards —
14 |Reference to ISO 230 series ISO 230-1:2012,9.2.1.1 and 10.3.2.3
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15 |Uncertainty of measurement Major contributors: see Table D.4
EXAMPLE: —

16 |Remark Setting tilt angle effect, see Bibliographic
reference[26]

17 |Example of figures See Figure 43

BwWw N R

target mirror

index table

body

angle reading point

N
Figure 43 — Referep\esﬁldexing table (mechanical polygon)

-

.
.

8)
11.6 Optical polygon with op@l reading device

1 Name of instrument (\S\ Optical polygon
2 Description . C)v —
3 Example size a@w)/éight: 130 mm x 130 mm x 30 mm; 0,2 kg
/\%\ Reflection surface area: 30 mm x 20 mm
4 Measuzi@/ange 360°
5 MPE@;‘Gﬁearity (recommended) |2” (depending on autocollimator)
6 <E%~ﬁ‘f)le of reduced (corrected) 0,2
_/IMPE at specific points (um)
7L “4Example resolution or step 360/12;360/8; 360/4
8 Example repeatability Depends on autocollimator
9 Frequency response —
10 |Materials Crown, quartz glass
11 |Operating environment 20°Cx5°C
12 |Long-term stability of reading —
13 |Equivalent thermal expansion coef- |[Equal to glass materials
ficient in pm/(m °C)
14 |Related standards JIS B7432
15 |Reference to ISO 230 series [SO 230-1:2012,9.2.1.1 and ISO 230-2
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16 |Uncertainty of measurement Major contributors: see Table D.4
EXAMPLE: —

17 |Remarks A kind of optical instrument

18 |Example of figures See Figure 44

@@%@ o
1
Q
v
N
q:bQ
Key &Q_.
1 refergnce mirror surfaces O\
2 anglefidentity number
3  refergnce surface \%
& @)
Figure 44 — Optical polygoQQ
N\
QO
11.7 Lager assisted index device %)
X
1 Name of instrument Laser assi,g@ﬁ‘index
2 Depcription — ,-\A\
3 Example size 18(“@\\'1& 140 mm x 65 mm;
4 Expmple measuring range }Qﬁ’? *+10°
5 Exgmple MPE or linearity R 2
6 Expmple resolution r\@ 0,01"
7 Exgmple repeatability C)U 0,2"
8 Frg¢quency response ,.D : —
9 Medasuring force or@;’d’ Normal load: 5 kg
10  |Opprating enviren \ent Workshop conditions
11 |Lopg-term ;@ity of reading —
12 |Eqgpivale ermal expansion Equal to steel
coc-ffi;{&'tin um/(m °C)
13 |Re a@@i\standards —
14 Reference to ISO 230 series ISO 230-1:2012,9.2.1.2
15 |Uncertainty of measurement Major contributors: see Table D.4
EXAMPLE: —
15 |Remarks Motorized index. Controlled by PC
A kind of optical instrument
16 |Example of figures See Figure 45
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Kgy

1| laser head

2| angular interferometer

3 | angular reflector

4 | angle indexing device

Figure 45 — Laser assisted index

11.8 Reference angle encoders

1 Name of instrument Rotary encodeér:

2 Description —

3 Example size and weight: 150 mm‘diameter. x 50 mm height

4 Measuring range 3602

5 Example MPE or linearity 1

6 Example of reduced (corrected) , “J—

MPE at specific points in pm

7 Example resolution 0,1" to 10"

8 Repeatability 0,2"

9 Example frequency-fesponse 100 kHz at interface output signal

10 Measuring force-er.foad —

11 Operating envifonment Workshop conditions

12 Long-ternrstability of reading —

18 Equivalént thermal expansion —

coefficient in pm/(m °C)

14 Related standards —

15 Reference to ISO 230 series [SO 230-1:2012,9.2.1.3

1 UTcertaity of TMeaSUTeent MajorcontributorsTsee Tabte D&
EXAMPLE: —

17 Remarks Two rotary encoders with data processing system can be used
for gear hobbing machine accuracy check.
A kind of optical instrument

18  |Example of figures See Figure 46
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Key
1 rotatihg unit surface
2 main pody

12 Speg¢ial purpose instruments

12.1 General

Special gurpose instruments are designed for limited application. These are specially design|
hardwarg¢ and general sensors, special test rig or fixture and seftware. For uncertainty contributo

see also Tlable D.5.
12.2 Single dimensional position reading device

12.2.1 Telescoping ball bar

Figure 46 — Rotary encoder

1 Name of instrument

Telescoping ball bar

2 Description

A telescoping bar, integrated with a linear
displacement sensor and having a ball at
each end, is attached to machine tool side
and workpiece side. Relative displacement
between the balls are continuously meas-
ured, recorded and plotted. The instrumen
can be applicable to the measurement of
circular deviation, and squareness betwee
two straight motions.

2]

Exfmple size’and weight:

Nominal length 100 mm to 300 mm

3

4 Example‘measuring range 1,6 mm

5 Example MPE or linearity 16 wmoffull scale
6 Example resolution 0,1 pm

7 Repeatability —

8 Frequency response 300 samples/s

9 Measuring force or load —

10 |Operating environment 0°Cto50°C

11 |Long-term stability of reading

10 000 revolutions under normal use

12 |Equivalent thermal expansion coefficient

(0 £0,03) ppm/°C

13 |Related standards

94
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14 |Reference to ISO 230 series ISO 230-1:2012,11.2.4.1.3, 11.2.5.2 and
ISO 230-4

15 |Uncertainty of measurement Major contributors: see Table D.5
EXAMPLE: —

16 |Remarks In the case of partial arc measurement, cen-
tring process can be important. Special cen-
tring device [see Figure 47 b)] can be useful.
Reversal method (rotate magnetic socket
To citange contact posttion)camn be yseful to
check the contact surface accuracy’

17 |Example of figures See Figure 47

a) Telescoping ball bar
ps
7
8 9
b) Precision centring device
Kdy
1| sphere
2 | magnétie'socket
3 | limear-displacement sensor
4 | “telescoping bar
5 machine spindle
6  mounting support (table side)
7  magnet holder
8  centring adjust screw
9  stem to chuck

Figure 47 — Telescoping ball bar
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12.2.2 Long range telescoping ball bar

1 Name of instrument Long range telescoping ball bar

2 Description A telescoping bar, integrated with a linear displacement
sensor and having a ball at each end, attached to machine
tool side and workpiece side. Relative displacement is con-
tinuously measured and recorded typically by an interfer-
ometer. Instrument is suitable for indirect measurement of
linear and rotary axis based on multilateration as well as

for ool b oot
IVl Cirvuidr L\,JLIAAB-

3 Exgmple size and weight: 40 mm x 80 mm x 350 mm; 2 kg

4 Exgmple measuring range 250 mm to 1 000 mm (ball to ball)
5 Exgmple MPE or linearity 1 pum of full scale

6 Exdmple resolution 0,01 pm

7 Repeatability 0,5 um

8 Frelquency response 1 000 samples/s

9 Megsuring force or load <1 Nm (with reversal movement)
10 |Opg¢rating environment 10°Cto40°C

11 |Lorjg-term stability of reading —

12 |Equivalent thermal expansion See laser interferometer
coefficient in um/(m °C)

13 |[Relpted standards —

14 |Refprence to ISO 230 series ISO 230-1:2012y11.7.5 and ISO 230-4

15 |Ungertainty of measurement Major contributors: see Table D.5

16 |Rerparks Mechanical repeatability of magnetic cups crucial
17 |Exdmple of figures See Figure 48

Key

1 interferometer

2 telescope

3 measuring beam

4 sphere with reflector

Figure 48 — Long range telescoping ball bar
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1 Name of instrument Absolute fibre interferometer
2 Description Interferometer with absolute measuring capability. The
beam can recover absolute distance after interruption. Tech-
nology is, for example, based on frequency scanning lasers
with passive optical sensor heads. Systems are typically ca-
pable of driving multiple sensors. Measurement is performed
in intervals. Real time capability is not provided.
3 kExample size and weight: Instrument: s0U mm x 400 mm x 600 mm: 25 Kg
Sensor: diameter: 8 mm, length: 25 mm, weight+20 ¢
4 Example measuring range 0,02mto30m
5 Example MPE or linearity 0,5 pm/m
6 Example resolution 0,1 um
7 Repeatability 0,2 um/m
8 Frequency response up to 2 000 000 samples/s
9 Measuring force or load 0
1 Operating environment 10°Cto 40 °C
11 |Long-term stability of reading —
12 |Equivalent thermal expansion See laser interferometer (7.2.1)
coefficient [um/(m °C)]
1B |Related standards —
14 |Reference to ISO 230 series —
15 |Uncertainty of measurement Majorcontributors: see Table D.5 (interferometer)
b |Remarks Long fibre length is possible, especially suitable for deforma-
tion monitoring and regular geometric verification.
A kind of optical instrument
16 |Example of figures See Figure 49
Y, 2 3 4
///',;/’ B : s EQ
:*::i»//’*»x- 1 ‘
Kdy:
1  optical fibre
2 beam launch
3 measuring beam
4  retro reflector

Figure 49 — Absolute fibre interferometer
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12.3 Multi-dimensional position reading device

12.3.1 Two-dimensional digital scale

1 Name of instrument Two-dimensional digital scale

Description Reference grid encoder is placed on the machine
workpiece side, and two-dimensional scale detectors
are attached to the tool side. Relative motion between
these is continuously recorded and plotted.

3 Estample size and weight: Maximal nominal diameters: 320 mm

4 Example measuring range 300 mm

5 Esample MPE or linearity 2 pm

6 Rgsolution 0,004 pm to 0,1 pm

7 Ré¢peatability —

8 Frequency response 2 000 samples/s

9 Megasuring force or load Non-contact

10 Operating environment 0°Cto50°C

11 Ldng-term stability of reading Depends on thermal stability

12 Equivalent thermal expansion coeffi- |(8 £ 0,03) ppm/°C

cignt

13 R¢lated standards —

14 Réference to ISO 230 series ISO 230-1:2022,11.2.4.1.4

15 Uncertainty of measurement Major contributors: see Table D.5
EXAMPLE: —

16 Rgmarks The device can be applied to straightness and square-
ness measurements.
A kind of optical instrument

17 Example of figures See Figure 50

i ‘|~-|.»|T':' ﬁ) >

G

Key

1  machine spindle head
2 grid plate

3  reading head

4  machine table

Figure 50 — Two-dimensional digital scale
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1 Name of instrument Tracking interferometer
2 Description This is an interferometer with servo drives that automatically
direct the measurement beam to a reflector mounted on the
spindle. Relative displacements are recorded by an interfer-
ometer. Instrument is suitable for indirect measurement of
linear and rotary axis based on multilateration as well as for
circular testing.
3 Example size and weight: Tracking interierometer: 200 mm x 200 mm x 200 min, 10 kg
Reflector: 20 mm to 40 mm diameter, 60 g to 300-g
4 Example measuring range 0,2mto20m
5 Example MPE or linearity 0,2 um + 0,3 pum/m
6 Example resolution 0,01 um
7 Repeatability 0,1 pm
8 Frequency response 1 000 samples/s
9 Measuring force or load 0
1 Operating environment 10°Cto40°C
11 |Long-term stability of reading |—
12 |Equivalent thermal expansion |See laser interferometer (7.2.1)
coefficient in um/(m °C)
1B |Related standards —
14 |Reference to ISO 230 series [SO 230-132012, 11.7.5 and ISO 230-6
15 |Uncertainty of measurement Majorcontributors: see Table D.5
EXAMPLE: —
16 |Remarks Used also for coordinate measuring machines
A kind of optical instrument
17 |Example of figures See Figure 51
Key
1 interferometer
2 tracking drives
3 measuring beam
4 retro reflector

Figure 51 — Tracking interferometer
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12.3.3 3D-probe for spheres (contact type)

1 Name of instrument 3D-probe head for spheres, contact type
2 Description The probe head contains three orthogonal sensors that determine
simultaneously the X, Y and Z position of precision sphere.
3 Size Length: 56 mm, diameter: 75 mm
4 Weight 375g
5 Measuring range 1mminX,YandZ
6 Sampie rate 6,5 RIIZ (X, Y and ZJ
7 Rdsolution 0,1 um
8 M¢unting shaft diameter |16 mm
9 Cqble length (probe -in- |5m
terface unit)
10 Bdndwidth 150 Hz (relevant for dynamic R-test application)

11 Operating environment 15 °C to 30 °C; Workshop conditions

12 Rglated standards —

13 Rdference to ISO 230 series |ISO 230-2, ISO 230-10:2016, 6.8, 6.9 and*6.10
14 Unjcertainty of measure- |Major contributors: see Table D.5

ment EXAMPLE:

Value for uncertainty U = 1,2\um [U(k = 2)]:

M
<

— Roundness error of reference ball < 0,6 um (grade 10 or bettef);

— Diameter variationr< 2,5 um.

15 Rgmarks/applications This probe head:is‘used in combination with:
a) asingle xeference ball;
b) aballbeam/ball plate (i.e. artefact with balls).

A single'reference ball is used for the R-test (rotary axes). This R-teft
enables the determination of allocation errors and squareness errofs
of\rotary axes as well as dynamic error motions of the R-axis (i
radial, tangential and axial error motions).

®

Measurements can be executed statically and/or dynamically.

A 1D-ball array or ball beam is used for measuring linear axes offa
machine tool. This enables the simultaneous determination of pos
tioning and both straightness errors of a linear axis.

—r
1

2D-ball arrays (i.e. a ball plate) can also be used in combination with
this 3D-probe head.

16 Example of figures See Figure 52
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Figure 52 — 3D-probe head for spheres, contact type

13.3.4 3D-probe head, non-contact type

1 Name of instrument

3D-probe head for spheres, non-contact type

2 Description The probe head contains three orthogenal'sensors that deter-
mine simultaneously the X, Y and Z position of a precisioh sphere
without any contact.

3 Size Length: 130 mm, Diameter: 80\mt

4 Weight 770 g

5 Measuring range 3,0mminX,YandZ

6 Sample rate 2kHz (X,Yand Z)

7 Resolution 0,2 um

8 Mounting shaft diameter 16 mm

9 Data transmission USB data receiver (2,4 GHz, WPA2-security)

10 |Operating environment 18 °C t0\30 °C; Workshop conditions

11 |Related standards —

12 |Reference to ISO 230 series |ISO230-2, SO 230-10:2016, 6.8, 6.9, 6.10
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