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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through 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.
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Introduction

The purpose of this document is to standardize methods of testing the accuracy of general purpose
and normal accuracy external cylindrical centreless grinding machines. The primary function of such
machines is to provide cylindrical workpieces. This document specifies the tests to verify the geometric
accuracy of the machine to achieve this primary function.
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INTE

RNATIONAL STANDARD

ISO 3875:2020(E)

Machine tools — Test conditions for external cylindrical
centreless grinding machines — Testing of the accuracy
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The document specifies, with reference to ISO 230-1 and ISO 230-2, geometric tests, machining tests

and t
manui
speci

This

testin
to m4g
mach

This
desig

NOTE
gives
the re
Howe

2 N

The f
const
undat

ISO 2
no-log

[SO 2
positi

3 7

For th

ogts for accuracv and reneatabilitv of nositioning axes on general nurnoase and nor
o ) 4 ' =] 5 ) SR

ally and numerically controlled (NC) external cylindrical centreless grinding m@ag
ies the applicable tolerances corresponding to the above-mentioned tests.

locument deals only with the verification of accuracy of the machine. It ‘does not
g of the machine operation (vibrations, abnormal noise, stick-slip motion)ef componsg
chine characteristics (such as speeds, feeds, etc.), which are generally €hecked befq
ne accuracy.

Hocument provides the terminology used for the principal components of the mac
hation of the axes with reference to ISO 841.

In addition to the terms used in the official ISO languages (English and French), t
the equivalent terms in the German, Italian, Japanese, and\Rersian languages. These are pu

sponsibility of the national member bodies for Germany\(DIN), Italy (UNI), Japan (JIS), an
Fer, only the terms given in the official languages canbe“¢onsidered as ISO terms.

ormative references

bllowing documents are referred to_ in“the text in such a way that some or all of
tutes requirements of this document. For dated references, only the edition cited
ed references, the latest edition(ofithe referenced document (including any amendmg

30-1:2012, Test code for machine tools — Part 1: Geometric accuracy of machines op4
d or quasi-static conditipns

30-2:2014, Test code\for machine tools — Part 2: Determination of accuracy and re
bning of numerically-controlled axes
erms and-definitions

e purpeses of this document, the following terms and definitions apply.
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1d1EC maintain terminological databases for use in standardization at the following

addresses:

3.1

ISO Online browsing platform: available at https://www.iso.org/obp

[EC Electropedia: available at http://www.electropedia.org/

centreless grinding
grinding for the generation of external faces of a rotating workpiece, position of which is mechanically
guided against the grinding wheel by a regulating wheel and a work support located between the
regulating and grinding wheels

3.2

centreless grinding machine
machine tool intended to machine workpieces by means of two rotating grinding wheels and work support
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4 Terminology, designation of axes and machine configurations

The machines considered in this document are divided into three basic configurations [see Figure 1 b),

c) and d)]:

— Type 1: Machines with fixed grinding wheel and movable regulating wheel with work support.

— Type 2: Machines with fixed work support, movable regulating wheel and grinding wheel with

adjustable distance between grinding wheel and work support.

— Type 3: Machines with fixed regulating wheel, movable grinding wheel and work support with

adjustable distance between grinding wheel and work support.

The machindg
Z1,U,V, W, P

s considered in this document can be NC controlled. Possible NC control axes are»X1, X2,

and R. See Figure 1.

11109 876 54

a) Machine

© IS0 2020 - All rights reserved
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ORI b || =\ [ +V
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c) Type2
Key
Hnglish French
1 bed banc
2 rpgulating wheel guideway guidage de la meule d’erdfrailnement
3 rpgulating wheel slide (X1-axis) chariot porte-meule-d’entrainement (axe X1)
3" rpgulating wheel auxiliary slide (P-axis) chariot auxiliaire de la meule d’entrainement (axe )
4  rpgulating wheel dresser (R- and V-axis)  dispositif de dressage pour meule d’entrainement (pxe R et V)
5  rpgulating wheel head poupée porte-meule d’entrailnement
6  rpgulating wheel (C2-axis) meule d'entrainement (axe C2)
7  work support blade lamé support de piece
8  work support appui de la lame
9 inding wheel (C1-axis) meule (axe C1)
10 inding wheel head poupée porte-meule
11 inding wheel dresser (U- and Wsaxis) dispositif de dressage pour meule (axe U et W)
12 vorkpiece piéce
13 inding wheel slide (X2-axis) chariot de la meule (axe X2)
14 iinding wheel axial slide{(Z1-axis) chariot axial de la meule (axe Z1)
15 rpference surface S(fvertical direction) surface de référence S (direction verticale)
16 rpference surface'S’(horizontal direction) surface de référence S’ (direction horizontale)
Figure.1 — Examples of a centreless grinding machine including all configurations

5 Preliminary remarks

5.1 Measuring units

In this document, all linear dimensions, errors and corresponding tolerances are expressed in
millimetres (mm); angular dimensions are expressed in degrees (°), and angular errors and the
corresponding tolerances are expressed in ratios, but in some cases microradians (urad) or arcsec (')
may be used for clarification purposes. Formula (1) should be used for conversion of the units of angular
errors or tolerances:

0,010/1 000 = 10 prad = 2 arcsec (@8]

© IS0 2020 - All rights reserved 3
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5.2 Reference to ISO 230-1 and ISO 230-2

To apply this document, reference shall be made to ISO 230-1 and ISO 230-2, especially for the
installation of the machine before testing, the warming up of spindles and other moving components,
description of measuring methods and recommended measurement uncertainty of testing equipment.

Where the test concerned is in compliance with the specifications of ISO 230-1 and ISO 230-2, a
reference to the corresponding subclause in ISO 230-1 and ISO 230-2 is shown before the instructions

in the "Observations" block of the tests described in Clauses 6 to 8.

5.3 Machine levelling

Before condy
of the suppli

5.4 Testin

The sequenc
of testing. In
any order.

5.5 Tests

When testin
this docume
in agreemen
properties o
machine. A s
be carried o
any contract

cting tests on a machine, the machine should be levelled according to the recommend
br/manufacturer (see ISO 230-1:2012, 6.1.1).

g sequence

e in which the tests are presented in this document does not defines the practical

Lo be performed

b a machine, it is not always necessary or possible to\carry out all the tests descril

t with the supplier/manufacturer, those tests‘relating to the components and/d
F the machine which are of interest. These tests are to be clearly stated when orde
imple reference to this document for the acgéptance tests, without specifying the te
it, and without agreement on the relevant'expenses, cannot be considered as bindi

ng party.

5.6 Meas

Measuring iI

instruments
uncertainty
relationship

When a dial
displacemen
(LVDTs), line
(see ISO 230

Similarly, wh

ring instruments

struments indicated in the tests described in Clauses 6 to 8 are examples only.
capable of measuring the same quantities and having the same, or a smaller, measursg
may be used. Reference shall be made to ISO 230-1:2012, Clause 5, which indicat¢
between measuremejtt uncertainties and the tolerances.

cauge is referredto, it can mean not only dial test indicators (DTI) but any type of
F sensor suchas analogue or digital dial gauges, linear variable differential transf
ar scale displacement gauges, or non-contact sensors, when applicable to the test conc
1:2012;,€Clause 4).

en a-straightedge is referred to, it can mean any type of straightness reference art

such as a gr

itions

order

order to make the mounting of instruments or gauging easier, testS may be perfornped in

ed in

ht. When the tests are required for acceptance purposes, it is up to the user to choose,

r the
ring a
sts to
hg for

Other
bment
bs the

inear
rmer
erned

efact,

nm nF . Sallare _one gD“D
T—cr e Sy T T

rating

line on a cylindrical square, any straight path on a reference cube, or a special, dedicated artefact
manufactured to fit in the T-slots or other references.

Valuable information for measuring instruments are available in ISO/TR 230-11.

5.7 Machining tests

Machining tests shall be made with finishing cuts only. Roughing cuts shall be avoided since they are
liable to generate appreciable cutting forces.

© IS0 2020 - All rights reserved
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5.8 Software compensation

When built in software facilities are available for compensating geometric, positioning and thermal
errors, their use during these tests should be based on an agreement between the user and the supplier/
manufacturer. When the software compensation is used, this shall be stated in the test reports.

Valuable information on numerical compensation of geometric errors can be gathered in ISO/TR 16907.

5.9 Axis not under test

During the execution of some geometric tests on one axis of motion, the position of other axes, not

d i £ oo 0o o 1 o o - lE Tl for hao o abioas of +1 [z Lbaolllbao o oo
undeptesgtaarreecettnerestureS—iererore,tne POSTIOIT OT I C St aACS—STIatr oCTCPOT tetr

5.10 (Minimum tolerance

Wher] establishing the tolerance for a measuring length different from that.given in this document
(see ISO 230-1:2012, 4.1), it shall be taken into consideration that the minimum value of tolerance is
0,002 mm.

In principle, angular tolerances are given as an angle over 1 000 mm, The angle convertg¢d for typical
measpirement length is presented in parentheses.

EXAMPLE  0,060/1 000 (0,015/250).

© IS0 2020 - All rights reserved 5
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6 Geometric tests

Object
G1

Checking of the grinding wheel dresser movement [W-axis]:

a) straightness in the plane of action (Exy);
b) parallelism to the grinding wheel spindle axis C1 in the plane of action (ZX plane, Eg(ycqyw);

c) parallelism to the grinding wheel spindle axis C1 in a plane perpendicular to the plane of action
(YZ plane, Epociyw)-
NOTE Test b) applies only for machines with a fixed dresser and non-adjustable template.

Diagram

Key
1 copying|pin
2 master femplate

Tolerance Measured errors
a) 0,005 forf a measuring length-of 250 a)

b) 0,100/1 00 (0,025/250) b)

c) 0,320/1 000 (0,08/250) c)

For measurI’xg lengthrover 250, the tolerance shall be agreed be-

tween manufacturer/supplier and user.

Measuring jistruments

Dial gauge, test mandrel and straight master template
Observations and references to I1SO 230-1:2012, 3.4.10,3.6.2, 8.2.2.1 and 10.1.3
The dial gauge shall be mounted on the dressing tool holder with its stylus contacting the test man-

drel, which is mounted on the grinding wheel spindle, in the plane of action [(ZX plane) a), b) and in a
plane perpendicular to the plane of action (YZ plane) c)].

The dressing slide shall be moved in W-axis motion at a normal working feed. The measuring length
shall be equal to the maximum width of the grinding wheel.

If the machine is provided with a copying mechanism, the copying pin shall be engaged with a normal
working pressure (stated by the manufacturer) against the master template.

a) and b) of indicated tolerance relates to the position of the diamond point.

6 © IS0 2020 - All rights reserved
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Object

Checking of the regulating wheel dresser movement [R-axis]:

G2

a) straightness in the plane of action (VR plane, Eyy);
b) parallelism to the regulating wheel spindle axis C2 in the plane of action (VR plane, E}¢2)r)-

NOTE Testb) applies only to machines with a fixed dresser and non-adjustable template.

vvIretrT

Diagram
i +R
Key
1 dopying pin
2 1aster template
Tolerance Measured errors
a) 0[005 for a measuring length of 250 a)
b) 0[{100/1 000 (0,025/250) b)
For measuring length over 250, the.tolerance shall be agreed be-
tweepn manufacturer/supplier and user.
Measuring instruments
Dial gauge, test mandrelor straightedge, and straight master template
Obsdrvations andaeferences to I1SO 230-1:2012, 3.4.10, 3.6.2, 8.2.2.1 and 10.1.3
The dlial gauge shall be mounted on the dressing tool holder with its stylus contacting the(test man-
drel ¢r straightedge, which is mounted on the regulating wheel spindle, in the plane of action [VR
plang a), b)]:
The dgessing slide shall be moved at a normal working feed. The measuring length shall bg equal to
the masdmum-width-ofthe regulating wheel

If the machine is provided with a copying mechanism, the copying pin shall be engaged with a normal
working pressure (stated by the manufacturer) against the master template.

a) and b) of indicated tolerance relates to the position of the diamond point. The measuring method
gives the sum of errors from the movement R of the dressing mechanism.

© IS0 2020 - All rights reserved 7
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Object

template.

Checking of parallelism of:
a) the blade support plane (S) to the grinding wheel axis (C1) in the vertical plane (Eyc1)s);

b) the vertical datum face (S’) to the grinding wheel axis (C1) in the horizontal plane (Eg¢yys)-
NOTE Testb) applies only for machines with a fixed blade support, fixed dresser and non-adjustable

G3

Diagram

Test mandre

1 with double support bearings Test mandrel mounted on spindlé1pse taper cone

Tolerance
For a measu
a) 0,040
b) 0,025

Measured errors
ring length of 250: a)
1)

Measuring

Dial gauge a

Instruments

hd test mandrel

Observatio

test mandre|

The dial gaulge shall be mounted on the blade support location surfaces, with the stylus contacting the

hs and references to ISO 230-1:2012, 6.5\and 10.1.3

.

© IS0 2020 - All rights reserved
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Object
G4

Checking of the grinding wheel spindle C1:

a) run-out (at the wheel mounting diameter/taper);

b) axial error motion.

Diagram

Tolerance Measured errors

a) 0/005 for the two locations touched a)

b) 0008 b)

Measuring instruments

Dial gauge

Obsdrvations and references to I1SO 230-1:2012, 3:9.7 and 12.5

a) The stylus of the dial gauge shall be set normalto the surface to be checked. The measufement of

b) The value and the direction of the axial force, F, to be applied shall be specified by the supplier/
manuyfacturer. When preloaded bearings.are used, there is no need to apply the force, F.

run-th shall be carried out at both ends of the conical or cylindrical grinding wheel mounting surface.

© IS0 2020 - All rights reserved 9
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Object
Checking of the regulating wheel spindle C2:
a) run-out (at the wheel mounting diameter/taper);

b) axial error motion.

G5

Diagram

Tolerance
a) 0,005 for the two locations touched
b) 0,008

Measuged-errors

a)
b)

Measuring jnstruments

Dial gauge

Observations and references to I1SO 230-1:2012, 3.9.7 and 12.5

of run-out s
surface.

a) The styhhts of the dial gauge shall be set normal to the’surface to be checked. The measurement
all be carried out at both ends of the conical or cylindrical regulating wheel mounting

b) The valup and the direction of the axial force}.F, to be applied shall be specified by the supplier,
manufacturer of the machine. When preloaded)bearings are used, there is no need to apply the forge, F.

10
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Object
Checking of the straightness of the grinding wheel linear motion (Z1) in ZX plane: 6o
Straightness in the plane of horizontal direction (E, ).
NOTE This test applies only for machine equipped with Z motion of grinding wheel axis.
Diagram

| 1 2

[ l / / 3

! 1 2

i +

} o 2

[
| [
Cl |
+7Z

Key
1 dtraightedge
2 hlade support
3 dial gauge
Tolerance Measured error
0,00% for a measuring length of 250
Meaguring instruments
Dial gauge, straightedge
Obsdrvations and references to I1SO 230-1:2012, 3.4.10 and 8.2.2.1
The d4tylus of the dial gatige’shall be set normal to the straightedge, which is mounted on the Z axis
motipn slide.
The 7 axis slide shall’be moved at a normal working feed.
Meaqurementof'straightness shall be at height of spindle axis C1.

© IS0 2020 - All rights reserved
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7 Accuracy and repeatability of positioning

7.1 Positioning of manual or automatic (but not numerically controlled) linear axes

Object

Checking of repeatability of the final approach of the wheel head positioning (Exp).
NOTE This test applies only to machines equipped for infeed grinding operations.

P1

Diagram

Tolerance
0,002

Measured errors

Measuring

Dial gauge

instruments

Observatio

Carry out fiy
fast approad

Measurement of positioning shall be made atheight of spindle axes C1 and CZ2.
The differen

hs and references to 1SO 230-1:2012, 3.4.5

e consecutive tests for the wheel head positioning, the movement being obtained by
h followed by a slow approach.

ce between the maximum-ahd minimum of the five readings shall be recorded.

[}

12
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7.2 Positioning of numerically controlled linear axes
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Object

head by numerical control (Exy).

P2

Checking of unidirectional positioning error and repeatability of the X-axis movement of the wheel

Diagram

L

1
Key
1 lpser head 5 grinding wheel
2 interferometer 6 regulating wheel
3 fletro reflector 7  regulating wheel#iead
4  grinding wheel head
Tolerance Measuring length Measured
L>200 errors
Unid|rectional positioning error of the axis Eyxoar 0,016
;J;i;i rectional systematic positioning error of the Eyy 1 0,008
Unidrectional positioning repeatability of the axis Exx rt 0,004
Measuring instruments
Linedr scale displacement gauge, laser interferometer, or linear scale
Obsdrvations-and references to ISO 230-1:2012, 8.3 and ISO 230-2:2014
Relatfive measurement between tool positions is required.
Meagqurement of positioning shall be made at height of spindle axes C1 and CZ2.
© IS0 2020 - All rights reserved 13
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Object p3
Checking of positioning error and repeatability of:
a) the W-axis movement of the grinding wheel dresser under numerical control (E;,);
b) the R-axis movement of the regulating wheel dresser under numerical control (E;R).
Diagram
4 1 5 ]
\| 1l _— / 3 \ [ |/
[ H s |
Wi I: +R :I
2
a) b)
Key
1 laser head 3 retroreflector 5 regulating wheel dresser
2 interferpmeter 4 grinding wheel dresser
Tolerance Measuring length | Measured
L errors
500<L<
L <500 1000 a) b)
. . N .8 Ezwa
Bi-directionpl positioning error of the axis 0,022 0,025
b) Ezra
Bi dlrectllonal systematic positioning grror ) ZW,E 0,016 0,020
of the axis b) E
ZR.E
T . P . i a E and E
Ehrzc;giesctlor al positioning répeatability of ) Ezwrt ZW,RL 0,006 0,010
b) Ezprrand Ezg gy
s s . a . a1 a E
Bi dlrgctlonal positiening repeatability of ) Ezwr 0,010 0,016
the axis b) Espr
M ' ¢ . a) W B
ean reverdaleerror of the axis 0,008 0010
b) ErrB

Measuring instruments

Linear scale or laser interferometer
Observations and references to ISO 230-1:2012, 8.3 and ISO 230-2:2014

The measurements may be done prior to installing in the machine, if the dressing tool movement is
the same before and after installation.

Although normally these measurements should be done between the grinding wheel dresser and the
grinding wheel a), respectively between the regulating wheel dresser and the regulating wheel b) of
the machine due to fixturing difficulties, diagrams show compromise in placing the optics.

14 © IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=5c033e6cc0f5f604b78668693bb9aa1a

ISO 3875:2020(E)

Object

Checking of unidirectional positioning error and repeatability of:

P4

a) the U-axis movement of the grinding wheel dressing tool under numerical control (Eyy);

b) the V-axis movement of the regulating wheel dressing tool under numerical control (Eyy).

Diagram
3
o [T U s ]
" < |/
_U|_<—> I8 A HH.F"V
\ "
2 ]
| 1 |
al N |
Key
1 lpser head 4  grinding wheel dresser
2 ipterferometer 5 regulating wheel dresser
3 1letro reflector
Tolerance . Measured
Measuring length erTors
L <200
q) b)
: . N : a) Exyar
Unid|rectional positioning error of the axis 0,016
b) Eyya
Unid|rectional systematic positigning error of a) Eyygr 0008
the ajxis b) Eyyp ’
. . s e . _a) Exyge
Unid{rectional positioning repeatability of the axis £ 0,006
VV,RT
If bi-flirectional pesitioning tests are requested, tolerances shall be agreed upon between{manufac-
turer/supplier-and user.
Meaguringinstruments
DigitaHinear gauge, laser interferometer, or standard scale and scale reader

Observatioms anmd references to IS0 230-172012; 8.3 and 1SS0 230-22014

Although normally these measurements should be done between the grinding wheel dressing tool
and the grinding wheel a), respectively between the regulating wheel dressing tool and the regulating
wheel b) of the machine due to fixturing difficulties, diagrams show compromise in placing the optics.
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ISO 3875:2020(E)

Object

P5

Checking of unidirectional positioning error and repeatability of the Z-axis movement of the grinding
wheel head by numerical control (E;;).

Laser interfé

erometer or linear scale

Diagram
4\ 5
!
eyt ”]]r --------------- ==
v | ”“
+7 . B
3
2
Key
1 laser head 4 grinding wheel axial slide base
2 interferpmeter 5 grinding wheel head
3 retro reflector
Tolerance Measuring length Measured
L <500 errors
Unidirectionjal positioning error of the axis Ez7 a1 0,016
Unlldlrectlor al systematic positioning error of the Eyper 0,008
axis
Unidirectionjal positioning repeatability ef the axis  Ez; pq 0,004
Measuring jnstruments

Observatio

Although no
piece, diagrz:

ns and references®o1S0 230-1:2012, 8.3 and ISO 230-2:2014

Measurement of positioning.shall be made at height of spindle axes C1 and C2.

im shows compromise in placing optics.

rmally thisatieasurement should be done between the grinding wheel head and the v

york-
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