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Forewo

rd

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

electrotech
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les of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

drawn to the possibility that some of the elements of this document may'be the subje
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[ttee responsible for this document is ISO/TE\39 Machine tools, Subcommittee SC 2
br metal cutting machine tools.

edition cancels and replaces the third édition (ISO 3070-2:2007), which has been techni

Led version of ISO 3070-2:2016,ineorporates the following corrections:

sian language nomenclature'given in Table C.1 and Table C.2 has been corrected.

bnsists of the following parts under the general title Machine tools — Test condition
ccuracy of boring and-milling machines with horizontal spindle:
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Introduction

Most horizontal spindle boring and milling machines fall into the following three categories
characterized by their particular configuration:

a)
b)
)

The
can

This

machines with fixed column and table movable on a cross slide;
machines with movable column along the X-axis (floor type);

machines with movable column along the Z-axis (T-bed type).

object of ISO 3070 is to supply information as wide and comprehensive as possible on
be carried out for comparison, acceptance, maintenance or any other purpose.

revision of this part of ISO 3070 provides additional information on tests te' bé per

spedifies new tolerances to better reflect the current technology.

Mac
tests

inclyding tests that are specified in ISO 10791-7.

tests which

formed and

hining tests have been excluded from this revision of this part of ISO3070 considering that such
can typically be the object of agreement between manufacturey/supplier and user, (possibly)
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RNATIONAL STANDARD ISO 3070-

2:2016(E)

Machine tools — Test conditions for testing the accuracy of
boring and milling machines with horizontal spindle —

Part 2:
Machines with movable column along the X-axis (floor type)

1
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2

Scope

part of ISO 3070 specifies, with reference to ISO 230-1, ISO 230-7 and ISO 230-2, geor]
dle tests and tests for checking the accuracy and repeatability of positioning) by nume
rizontal spindle boring and milling machines having a movable column along the X-a
ifies the applicable tolerances corresponding to general-purpose, normal accuracy mad

type of machines are usually provided with sliding boring spindles and can be prq
ersal spindle heads of the following types, whose test conditions are covered by ISO 17

fixed or indexable heads, with accessory spindle(s) squareto)the Z-axis, with or without
parallel to the Z-axis;

15° split indexable heads, with mechanical indexing of the different angular position;
bodies (e.g. Hirth couplings);

rontrolled axes;

swivel heads, with two numerically controlled rotary axes perpendicular to each other.
conditions for accessory facing heads are specified in Annex B.

part of ISO 3070 concerns«<machines having movement of the column on the bed (X-a3
ement of the spindle head on the column (Y-axis), axial movement of the ram (Z
ement of the boring spindle (W-axis), and, in most cases, one or more tables movi
llel to the spindle (Raxis) and rotating around a vertical axis (B-axis).

part of ISO 3070deals only with the verification of the accuracy of the machine. It does
pperational testing of the machine (e.g. vibration, abnormal noise, stick-slip motion of ¢
Lo machinéeharacteristics (e.g. speeds, feeds), as such checks are generally carried

hetric tests,
ical control
Kis and also
hines.

vided with
h43-1:

one spindle

of the two

15° split continuous heads, provided with continuous positioning of the two pumerically

is), vertical
axis), axial
g on a bed

not apply to
bmponents)
out before

Normative references

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments) applies.

ISO 230-1:2012, Test code for machine tools — Part 1: Geometric accuracy of machines operating under
no-load or quasi-static conditions

ISO 230-2:2014, Test code for machine tools — Part 2: Determination of accuracy and repeatability of
positioning of numerically controlled axes

[SO 230-7:2015, Test code for machine tools — Part 7: Geometric accuracy of axes of rotation

© ISO 2016 - All rights reserved
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3 Terms and definitions

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

31
boring operation

machining operation for generating holes of various sizes and geometries in which the principal cutting
motion is the rotation of a single-point cutting tool against the non-rotating workpiece and where the

cutting energy is brought by the cutting tool rotation

Note 1 to entry: Boring the dlameter of cyllndrlcal conlcal bllnd or through holes to the requlred size is achleved

by using a bering
axis averagelline of the borlng splndle

Note 2 to enfry: In the case of coaxial bores situated on opposite faces of the same workpiece, the operation

be carried oyt using the sliding boring spindle, if it can work through all the workpiece, or turning the table
to bore the opposite side of the workpiece (reverse boring).

3.2
milling opé¢ration

machining pperation to generate surfaces of various geometries in which the principal cutting mc
is the rotatfion of a cutting tool with multiple cutting edges against the non-rotating workpiece
where the qutting energy is brought by the cutting tool rotation

Note 1 to enffry: Milling operations mostly involve face milling or end milling. The tools are mounted either i
boring spind|le taper (see Figure 2) or, as for face milling cutters, on the imilling spindle nose.

3.3
boring and milling machine
machine to¢l in which boring and milling operations aresexecuted

4 Terminology and designation of axes

In a boring|and milling machine, cutting movement is generated by the rotation of the spindle(s)
possibly, of the facing head.

The feed mgvements are as follows;

a) transvgrse movements of the ¢élumn on the bed (X-axis);
b) vertica] movement of tHespindle head (Y-axis);

c) axial mpvement oftheram (Z-axis);

d) axial mpvementof the spindle (W-axis);

e) axial mpyement of the table (R’-axis), where available;

p the

may

180°

tion

and

n the

and,

f) possible (optional) movement of radial facing slide (U-axis);
g) possible (optional) movement of the rotary table (B’-axis).
Figure 1 shows two typical configurations of such machines.

The designation of the configuration with fixed table is: wb XY Z W (C) t whereas the designation o
configuration with roto-translating tableis: wB’R’"b XY Z W (C) t.

fthe

NOTE The foundation is very important for these machine tool configurations. The designation “b” for these

machines typically includes the bed on the workpiece side, the foundation, and the bed on the tool side.

Table 1 provides the nomenclature for various structural components of machines shown in Figure 1.

2 © IS0 2016 - All rights reserved
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NOTE For elements 1 to 10, see Table 1.

Figyre 1 — Machine with movable column along the X-axis with (optional) roto-translating table

Table 1 — Nomenclature (see Figure 1)

Fif’; l:f‘.e 1 English French Russian
1 bed banc CTaHWHA
2 column base base du montant OCHOBAHUE CTPUKHU
3 spindle head chariot porte-broche HNINMUH e/ IbHas [0abKa
4 ram coulant NO/IBMKHBIN KOpNy(q IUNUH /e
5 column montant CTOMKA
6 spindle broche WINUHAEIp
7 fixed table table fixe HETOABHXKHBIY CTOJI
8 table bed banc de la table OCHOBaHMUeE CcToJIa
9 rotary table saddle trainard de la table rotative KapeTKa ITI0BOPOTHOTO CTOJIa
10 rotary table table rotative MOBOPOTHBIH [cTOJ
NOTE ,~" In ‘addition to the terms used in the three ISO official languages, presented in this table, Table C.1| provides the
equiyalent terms in Italian and Persian; these are published under the responsibility of the member body for Itply (UNI) and
Iran (ISIRI) and are given for information only. Only the terms given in the official languages can be considered as ISO terms.

5 Special remarks concerning particular elements

5.1

Spindle heads

Reference should be made to Figure 2 for examples of the various types of head. Related nomenclature
is given in Table 2.

Facing heads generally have a radial facing slide and in most cases are accessories. Relevant geometric
tests are specified in Annex B.

© ISO 2016 - All rights reserved
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A
4

2

a) Headgstock for boring
and milling

NOTE F

br elements 1 to 5, see Table 2.

b) Headstock with facing head c¢) Headstock with ram

Figure 2 — Types of headstocks

Table 2 — Nomenclature (see Figure 2)

Figure 2 English French Russian
ref.
boring spindle broche d’alésage pPacTOYHBIN IINUH/EIb
2 milling spindle broche de fraiSage bpesepHbI INUH/AEND
3 facing head plateau-a‘surfacer nJiaHIan6a
4 headstock with facing head bélier avecyplateau a surfacer NUHAeAbHAsA 6abKa C
nJIaHLIIan60H
5 coulant MO/ BMKHbBIN KOPNYC IINUH/e19
NOTE Inadldition to the terms used in the three ISO-6fficial languages, given in this table, Table C.2 provides the equivhlent
terms in Italign and Persian; these are publishedunder the responsibility of the member body for Italy (UNI) and Iran (I}IRI)
and are given|for information only. Only the terms given in the official languages can be considered as ISO terms.

5.2 Tables

In most casps, this type ofinachines is provided with both fixed tables and movable tables with linear

and rotary
The rotary

a)

angulai

movements.

movement)of the table may be used for the following purposes:

bt o e ol fand fo o

positioning of the workpiece;

aratbiaonc

b) asacir

c)

Hlinag o
corar vy OT I T e TOT T S - O peTratiorts,

circular cutting movements for turning operations.
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6 Preliminary remarks

6.1 Measurement units

In this part of ISO 3070, all linear dimensions and deviations are expressed in millimetres. All angular
dimensions are expressed in degrees. Angular deviations are, in principle, expressed in ratios but
in some cases, microradians or arcseconds may be used for clarification purposes. The following
expression should be used for the conversion of the units of angular deviations or tolerances:

,010/1 000 = 10 prad = 2”

6.2 | Reference to ISO 230 series of standards

In applying this part of ISO 3070, reference shall be made to ISO 230-1, espécially for the inftallation of
the achine before testing, warming up of the spindle and other moving components, description of the
meapuring methods and recommended accuracy of the test equipment,

No tests related to checking thermal effects, based on ISO 230-3,areincluded in this part of|/ISO 3070. If
sucH tests are of interest, relevant tests in ISO 10791-10 shall be referred to.

uctions are
r ISO 230-7
her of those

In the “Observations” block of the tests described in thé\following subclauses, the instr
predeeded by a reference to the corresponding clause or'stibclause in ISO 230-1, ISO 230-2 ¢
in cdses where the test concerned is in compliance with the specifications of one or anotl
parts of ISO 230.

6.3 | Testing sequence

The
ordd
in ajy

sequence in which the tests are presented in this part of ISO 3070 in no way defines t
r of testing. In order to make thempunting of instruments or gauging easier, tests may b
y order.

he practical
t performed

It is
best]
mea

therefore,
traightness

nevertheless recalled that angular deviations affect straightness measurements
practice would suggest to perform tests related to angular error motions prior to 3
surements.

Tests to beperformed

n testing.a ' machine, it is not always necessary or possible to carry out all the tests desci
of ISO_3070. When the tests are required for acceptance purposes, it is up to the use
breeritent with the supplier/manufacturer, those tests relating to the components

ribed in this
I to choose,
and/or the

nformation
o be clearly
ptance tests,
without specifying the tests to be carried out or without agreement on the relevant expenses, cannot be
considered as binding for any contracting party.

erties of the machine which are of interest. ISO 230-1:2012, Annex A provides valuable

6.5 Measuring instruments

Measuring instruments indicated in the tests described in the following subclauses are examples
only. Other instruments capable of measuring the same quantities and having the same, or a smaller,
measurement uncertainty can be used. Reference shall be made to ISO 230-1:2012, Clause 5, which
indicates the relationship between measurement uncertainties and the tolerances.

When a “dial gauge” is referred to, it can mean not only dial test indicators (DTI), but any type
of linear displacement sensor such as analogue or digital dial gauges, linear variable differential

© IS0 2016 - All rights reserved 5
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transformer (LVDTSs), linear scale displacement gauges, or non-contact sensors, when applicable to the
test concerned (see 1SO 230-1:2012, Clause 4).

Similarly, when a “straightedge” is referred to, it can mean any type of straightness reference artefact,
such as a granite or ceramic or steel or castiron straightedge, one arm of a square, one generating line on
a cylinder square, any straight path on a reference cube, or a special, dedicated artefact manufactured
to fit in the T-slots or other references.

In the same way, when a “square” is mentioned, it can mean any type of squareness reference artefact,
such as a granite or ceramic or steel or cast iron square, a cylinder square, a reference cube, or, again, a
special, dedicated artefact.

When “3D g
the changes
together alg

6.6 Softy

When built
and therm
manufactur
intended us
the softwar

It shallben
test purpos

robe” is referred to, it means three displacement sensors, housed in a nest, used to nieal
in the position of the centre of a precision sphere; when the nest and the sphere are m
ng a programmed tool path.

yare compensation

lin software facilities are available for compensating geometric, positioning, contoy
hl deviations, their use during these tests should be based.ch agreement bety
er/supplier and user, with due consideration to the machine tool intended use, e.g. i
e of the machine tool is with or without software compensationfor geometric errors. W
e compensation is used, this shall be stated in the test report.

bted that when software compensation is used, some machine tool axes cannot be locke
bS,

Valuable information on numerical compensation of geometric errors can be gathered in ISO/TR 16

6.7 Minil

By mutual
length diffeg
considered

mum tolerance

pgreement, manufacturer/supplier and user can establish the tolerance for a measy
rent from that given in the tests\described in the following clauses. However, it sha
that the minimum value of tolerance is 0,005 mm.

sure
bved

ring
veen
[ the
'hen

d for

907.

ring
[1 be
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7 Geometric tests

7.1 Straightness and angular deviations of linear axes

Object G1

Checking of the straightness of the column movement (X-axis):

a) inthe vertical XY plane, Eyx;

b) inthe horizontal ZX plane, Ezx.

Diagram
X Y Y
L’ z T—» z x<—J
N ] +Tx
+ X ~-—tg t—_
0] ; ;
v 4 z 4
T L8
@ i 1
V) CL—p %
for a) and b) for b) only
Key

1 alignment telescope
2 telescope target

3 mijicroscope

4 tqut wire

Tolerance for measuring length up to: Measured deviaflions
5000 10 000 15000 20000
for a) 0,07 0,14 0,21 0,29 a)
for b) 0,06 0,11 0,16 0,21 b)
For theasuring lengths over 20 000, the tolerance shall be agreed upon between manufac-
turef/supplierand user.

Meapuringinstruments

Optigalmethods and, for b) only, microscope and taut wire.
Observations and references to 1SO 230-1:2012, 8.2.2.1 and 8.2.2.3

a) Taut wire is not recommended because of the sag of the wire. The alignment telescope may be fixed on the work-hold-
ing table such that the optical beam is parallel to the X-axis movement of the column or the lack of parallelism shall be
considered in the measurement.

If the spindle can be locked, the telescope target may be mounted on it. If the spindle cannot be locked, mount the tele-
scope target on the spindle head.

b) The microscope shall be fixed on the spindle, if it can be locked, or on the spindle head.

For a) and b): Measurements shall be carried out on at least six positions along the travel, with equally spaced steps not
exceeding 500.

Measurements shall be at mid travel of the ram travel with the spindle retracted or otherwise, measurement location shall
be reported.

© IS0 2016 - All rights reserved 7
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Object G2

Checking of the angular deviation of the column movement (X-axis):

a) inthe XY plane, Ecx (pitch);
b) inthe YZ plane, Eax (roll);
¢) inthe ZX plane, Epx (yaw).

Diagram
1 B ~ )} N AT 1 o B - \ -
+X —=2Z /‘/ +X
A . |ﬁ| — = I i B
T 1y E = ]
".‘ -X -X
!I‘I“J ‘
|
L =4 . | |
/ :
2
L 3> V4
a) and b) c)
Key
1 reference levels
2 measuringlevels
3 mirror
4 auto-collithator
Tolerance Measured deviations
for a), b) and ¢):
X<4000:0,04/1.000 a)
X>4000:0,06/1 000 b)
Local tolerance: 0,02/1 000for any measuring length of 500 )
Measuring ipstruments
a) Precisionflevel, laser interferemeter or other optical angular deviation measuring instruments.
b) Precisionflevel.
c) Laser intefrferometet or'other optical angular deviation measuring instruments.
Observationjs and references to IS0 230-1:2012, 3.4.16 and 8.4
The measurifggleyel or the mirror shall be placed on the ram.

a) Ecx (pitch) inthe X-axis direction (with optical instruments set vertically).
b) Eax (roll) in the Z-axis direction.
¢) Egx (yaw) with optical instruments set horizontally.

When levels are used, a reference level shall be located on the fixed table and the ram shall be in the middle of the travel
range (Z-axis). Several preliminary movements of the column should be carried out with the reference level in different
positions on the fixed table in order to check whether the X-axis motion causes an angular movement of any part of the
fixed table or the bed(s) of the rotary table(s). In this last case, differential measurements of the two angular movements
shall be made and this shall be stated.

For a), b) and c): Measurements shall be carried out on at least six positions along the travel, with equally spaced steps not
exceeding 500.

Measurement location shall be reported.

8 © IS0 2016 - All rights reserved
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Object G3
Checking of the straightness of the ram movement (Z-axis):
a) inthe vertical YZ plane, Eyz;
b) in the horizontal ZX-plane, Exz.
Diagram
Y X
T_, 7 T—» z
e ““\‘_/ AT -
LS
Q_"j—o",.;
——p- LI )
a) b)
Tolerance for measuring lengthsup to: Measured deviations
1000 1 500 2000 a)
for a) and b): 0,02 0,03 0,04 b)
Locpl tolerance: 0,006 for any measuringlength of 300.
Formeasuring lengths over 2 000, the'tolerance shall be agreed upon
betyveen manufacturer/supplierand user.
Megsuring instruments
Dial gauge and straightedgewith gauge blocks or optical methods.
Obgdervations and references to ISO 230-1:2012, 8.2.2.1 and 8.2.2.3
Set h straightedgeon-the table, parallel to the ram movement (Z-axis) for a) vertically and b) horizon-
tally, or the lackéfparallelism shall be considered in the measurement.
If tHe spindl€é can be locked, the dial gauge may be mounted on it. If the spindle cannot be ldcked, the
dial|gauge'shall be mounted on the ram face. The stylus shall be normal to the reference fage of the
strdightedge.
Medsufements-shal-be-carried-out-onatleastsixpositions-alongthe-travelHnbeth-direetion of mo-
tion, with equally spaced steps not exceeding 300.
Measurement location shall be reported.

© ISO 2016 - All rights reserved
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Object

Checking of the angular deviation of the ram movement (Z-axis):
a) inthevertical YZ plane, Exz (pitch);

b) in the vertical XY plane, Ecz (roll);

¢) inthe horizontal ZX plane, Ez (yaw).

G4

Diagram
A
] - 1 [ 11 e
Z
A B S 21 -2 Hed= lmsz
, }J |
= 17/ =4 Ll 4
1 2 3
a) and b) c)
Key
1 reference levels
2 measuring levels
3 auto-collirhator
4 mirror
Tolerance for measuring lengths up to: Measured deviations
1000 1500 2000 a)
for a), Eaz: 0,06/1.000 0,08/1 000 0,10/1 000 b)
forb), Ecz and c), Epz: 0,04/1-000 0,05/1 000 0,06/1 000 c)
For measuring lengths over 2 000, the-telerance shall be agreed upon between
manufacturef/supplier and user.

Measuring instruments

b) Precision|level.

a) Precision|level, laser interferometer or other optical angular deviation measuring instruments.

c) Laser intejrferometers or other optical angular deviation measuring instruments.

ObservationIs and references to IS0 230-1:2012, 3.4.16 and 8.4

b) Ecz, in the X-axis direction;

The measuring level shall be placed on the ram, the mirror shall be placed on the ram face:

a) Eaz, inthe Z-axis direction (with optical instruments set vertically);

¢) Epgz, with optical instruments set horizontally.

When levels are used, a reference level shall be located on the fixed table (or on the rotary table), to check that the Z-axis
motion does not cause an angular movement of any fixed component on the workpiece side. If angular movements are
detected, differential measurements shall be carried out and this shall be stated.

For a), b) and c): Measurements shall be carried out on at least six positions along the travel, with equally spaced steps.

10
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Object G5

Checking of the straightness of the spindle head movement (Y-axis):

a) in the vertical YZ plane parallel to spindle axis, Ezy;

b) inthe vertical XY plane square to the spindle axis, Exy.

Diagram
| 1 =
+ i L Y
- : Y ™ } Y
a==llEE L-z =] ~5L2
=Y -Y]
2
T~ 1 \./7'5\
L~ ”“\‘H_u/“‘\ \//\
a)
Key
1 tautwire
2 miicroscope
Tolerance foerymeasuring lengths up to: Measured deviations
2000 3000 4000 5000 6000 a)
for a) and b): 0,03 0,04 0,05 0,07 0,09 b)
For theasuringlehgths over 6 000, the tolerance shall be agreed upon between
manpfactuter/supplier and user.
Meapuring instruments

Microscope and taut wire or optical methods.
Observations and references to I1SO 230-1:2012, 8.3, 8.2.2.2 or 8.2.2.3

The ram (Z-axis) shall be at mid travel with the spindle retracted.
The taut wire shall be tightened between the fixed table and another fixed part independent from the machine column.

If the spindle can be locked, the microscope or the target of the alignment telescope may be mounted on it. If the spindle
cannot be locked, the microscope or the target shall be placed on the ram face.

Measurement location shall be reported.
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Object G6

Checking of the angular deviations of the spindle head movement (Y-axis):
a) inthe vertical YZ plane parallel to the spindle axis, Eay;
b) inthe vertical XY plane square to the spindle axis, Ecy;

c) inthe horizontal ZX plane, Egy (roll).

Diagram
1
a) and b) a),b)and c)

Key
1 reference lepel
2 measuring lpvel
3 cylinder sqyare
d measuremeft distance
Tolerance for measuring lengths up to: Measured deviations

2000 3000 4000 5000 6000 a)

0,04/1000 0,04/1000 0,04/1000 0,05/000 0,06/1000 b)
For measuring|lengths over 6 000, the tolerance shall be agreed upon between manufactur- )
er/supplier and user.
Measuring in§truments
For a) and b): Precision level or optical angular dewviation measuring instruments.
For c): Surface plate, cylindrical square, level anddial gauge or taut wire and microscope or sweeping alignment laser.

Observationsfand references to ISO 230¢1:2012, 3.4.16 and 8.4

For a), b) and c]: Measurements shall bé\carried out on at least six positions along the travel, with equally spaced steps not exceeding[500.

For a) and b): Place a level on the spindle head in the Z-axis direction for a) and in the X-axis direction for b). The reference level shal] be
located on the ork holding tablelin‘the same direction of the measuring level with a view to checking that the Y-axis motion does n¢t
cause an angulpr movement ofany fixed component on the workpiece side. Some preliminary movements of the Y-axis should be carfied
out with both Ipvels, in order\te check whether the Y-axis motion causes an angular movement of any part of the fixed table or the bed(s)
of the rotary tgble(s). Inthislast case, differential measurements of the two angular movements shall be made and this shall be stat¢d.

For c): Measur¢ the£7Y straightness deviation of the Y-axis by an instrument placed on a special arm with a horizontal offset d from|the
spindle axis: c [l)by a‘dial gauge against a cylindrical square standing on a levelled surface plate. c 2) by a microscope targeting a vertical
taut wire or c J) by-a target of a sweeping alignment laser which is generating an optical XY plane. Note the readings and the relevanit
measuring positions on the spindle head travel (Y-axis). Turn the special arm (carrying the instrument) to the opposite side of the
spindle and move the X-axis of about 2d in order to repeat the same readings against the same reference; the possible roll deviations of
the X-axis motion shall be measured and taken into account. For c3), no X-axis movement is required. The instrument shall be reset and
the new measurements shall be taken at the same heights of the previous ones and then noted. For each measurement position, calculate
the algebraic difference between the two readings and then calculate the difference between maximum and minimum divided by the
distance 2d for obtaining the angular deviation.

NOTE For machine tools not compensated by software, Y-axis roll can also be measured performing two Exy measurements with a
Z-axis offset.
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7.2 Squareness and parallelism between linear axes

Object G7

Checking of the squareness between the spindle head movement (Y-axis) and the column movement
(X-axis), Ec(ox)y-

Diagram
¥
+Y ‘J
A ’
-Y
Tole¢rance Measured deviatiorns

0,04/1 000

Megsuring instruments

Squpre, straightedge, adjustable blocks and dialgauge.
Obdervations and references to I1SO 230-1:2012, 10.3.2

Set h straightedge on the table parallel to'the column movement (X-axis) using adjustable blocks or
the Jack of parallelism shall be considered in the measurement, and then place a square on ft.

If tHe spindle can be locked, the dial gauge may be mounted on it. If the spindle cannot be lqcked, the
dial{gauge shall be placed on the‘ram face.

Apply the stylus of the dial gauge to the square, measuring in the X-direction. Position the Y-axis to
medsure close to one end-of the square surface and zero the dial gauge.

Moye the Y-axis tom€asure close to the other end of the square surface and note the reading. The
medsured squareness error, Ec(ox)y, is the ratio between the reading and the travelled distance along
the [Y-axis.
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Object

G8

Checking of the squareness between the spindle head movement (Y-axis) and the ram

movement (Z-axis), Ea(0z)y or Ea(oy)z.
Diagram
Y
N®
/ Z A
J
o —1._ I
| [
Y
I_']—ll_ll—rl_l
Tolerance Measured deviation

0,06/1 000

Square, str

Measuring instruments

hightedge, adjustable blocks and dial gauge.

Observati

lack of par3

If the spind
dial gauge

Apply the s
measure cl

Move the Y|

The measu
along the Y|

Or, alternat

Align the s
spindle he3

Apply the s
and zero th

Move the Z

along the Z

Set a straig

bns and references to 1SO 230-1:2012, 10.3.2

illelism shall be considered in the measurement and then place a square on it.

le can be locked, the dial gauge may'be mounted on it. If the spindle cannot be locked, t
thall be placed on the ram face.

tylus of the dial gauge to the square, measuring in the Z-direction. Position the Y-axis t
pse to one end of the squarésurface and zero the dial gauge.

axis to measure close to the other end of the square surface and note the reading.

red squareness errox,£Ex(0z)y, is the ratio between the reading and the travelled distang
Laxis.

ively:

raightedgeso that the vertical arm of a square laid on this straightedge is parallel to tH
d movemeént (Y-axis) or the lack of parallelism shall be considered in the measurement

tylts of the dial gauge to the straightedge, measuring in the Y-direction. Retract the Z-§
edial gauge.

htedge on the table parallel to the ram moverent (Z-axis) using adjustable blocks or th

e

Xis

-axis of the desired distance and note the reading.

-axis.

The measured squareness error, Ez(oy)z, is the ratio between the reading and the travelled distance

14
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Object G9
Checking of the squareness between the ram movement (Z-axis) and the column movement (X-axis),
EB(0x)z-
Diagram
AT \.,_Af/J];\ A AN X
/ -
(? -Z = +Z
SN I i N |
Tolerance Measured deviation

0,06/1 000

Megsuring instruments

Squpre and dial gauge.
Obdervations and references to ISO 230-1:2012, 10.3.2

Set h square on the table and align one side parallel to the column movement (X-axis) or the lack of
parallelism shall be considered in the measurement.

If tHe spindle can be locked, the dial gauge may be mounted on it. If the spindle cannot be lqcked, the
diallgauge shall be placed on the ram-face.

Apply the stylus of the dial gauge'to the square, measuring in the X-direction. Position the Z-axis to
medsure close to one end ofthe’square surface and zero the dial gauge.

Move the Z-axis to meas(re-close to the other end of the square surface and note the reading. The

medsured squareness.etror, Eg(ox)z, is the ratio between the reading and the travelled distpnce along
the [Z-axis.
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Object | G10a

Checking of the parallelism between the boring spindle axial movement (W-axis) and the ram movement
(Z-axis), Ep(oz)w in the YZ plane.

Diagram

Tolerance Measured deviation

For an extdnsion of the spindle equal to the following:

2D:  +0)015 (upwards); a)
4D: +0)02; or, alternatively:
6D: -0,06 (downwards). b)

where D is the diameter of the boring spindle.

The extensfion of the spindle is limited to six times:the spindle diameter
and shall npt exceed 900.

The tolerance is limited to spindle diametep of 150. When the spindle
diameter i$ over 150, the tolerance shall be agreed upon between the
manufactufer/supplier and the user.

Measuring instruments

Straightedge, adjustable blocks-and dial gauge.
Observatipns and referenees to I1SO 230-1:2012, 12.3.2.3 and 10.3.2

Place a strdightedge on‘th€ table vertically in a plane containing the spindle axis and adjust it parallel
to the ram movement, (Z-axis), or the lack of parallelism shall be considered in the measurement.

The spindl¢ rotatien shall be locked. Touch the surface of the straightedge with the dial gauge styl
and zero it] Extend the boring spindle (W-axis) to the required length and record the dial gauge
reading. Themeasured parallelism error, Ea(oz)w, is the ratio between the reading and the travellg¢d
distance along the W-axis.

=

S
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Object | G10b

Checking of the parallelism between the boring spindle axial movement (W-axis) and the ram movement
(Z-axis), Eg(oz)w; in the ZX plane.

Diagram
T _H-L"“H - _~1
%
Cooson
L
Tole¢rance Measured deviaffion

0,04/1 000

Megsuring instruments
Strgightedge and dial gauge.
Obgervations and references to 1S0:230-1:2012, 12.3.2.3 and 10.3.2

Plade a straightedge on the table horizontally and adjust it parallel to the ram movement (74-axis) or
the Jack of parallelism shall be considered in the measurement.

In opder to minimize the effectof the W-axis roll on the Eg(oz)w measurements ensure thaf the meas-
urefnent trajectory on the-straightedge is as close as possible to a horizontal plane containing the
spindle axis.

The|spindle rotationShall be locked. Touch the surface of the straightedge with the dial gauge stylus
and|zero it. Exterid'the spindle to the required length and record the dial gauge reading. Thg measured
pargllelism error; Egoz)w; is the ratio between the reading and the travelled distance along fhe W-axis.
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7.3 Fixed table independent of the machine

manufactu

Object G11
Checking of the flatness of the fixed table surface.
Diagram
X
d '

o - Al x

o H m _|m' |m A'

o" L

M M M B
Zy
=1
Key
d measuring distance
Tolerance for length of the longest side afithe table up to: |Measured deviation
5000 10 000 15:000 20000
flatnesp tolerance: 0,12 0,22 0,32 0,42

For table legngths over 20 000, the tolerance shaltbe agreed upon between

Fer/supplier and user.

Precision ¢

Measuring instruments

bvel or optical methods.

Observati

Measurem

bns and references to ISO 230-1:2012,12.2.4 and 12.2.5

ents shall be carriedout at a number of positions equally spaced with measuring distance,

d, not exce¢ding 1/10 of thé-tongest side of the table.

NOTE Flagness measufemients can also be performed by measurements along diagonals (see

1SO 230-1:2012, 12.2:42).
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Object G12

and the column movement (X-axis).

Checking of parallelism between the reference T-slot, or any other reference surface of the fixed table,

the dial gauge into contact with the reference surface or insert the cross-square between the stylus
and the table surface.

The parallelism error is the difference between the maximum and the minimum reading.

Diagram
X
T = L
/-—‘\\\‘-/ /,‘\‘ A
+X
S ———
-X
Tolerance for length of the longest side of the table up to: |Measured devjation
5000 10 000 15000 20 000 For a measurément dis-
parallelism tolerance: 0,15 0,20 0,25 0,30 tance of:
For [table lengths over 20 000, the tolerance shall be agreed upon between |Over a table length of:
manufacturer/supplier and user. 0,202 0,337
Megsuring instruments
Dia] gauge and cross-squatre.
Obgervations and references to I1SO 230-1:2012, 12.3.2.5.2
If tHe spindle cafib€ locked, the dial gauge may be mounted on it. If the spindle cannot be lqcked, the
diallgauge shalkbe placed on the ram face.
Megsurements shall be carried out at a number of positions equally spaced at steps not excpeding
1/10 ofthe longest side of the table.
TraverSe-thexX-axisfromone-measurement-positionte-the- felewing-witheuteontactbetween the

stylus and the reference surface. At each measurement position, either move down the Y-axis to bring

© ISO 2016 - All rights reserved
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Traverse th
stylus and
and the tab

The parallg

e X-axis from one méasurement position to the following without contact between the
Lhe table surface,-At each measurement position, insert the gauge block between the sty
le surface and-take the reading.

lism err@r)is the difference between the maximum and the minimum reading.

Object | G13
Checking of parallelism between the fixed table surface and the column movement (X-axis).
Diagram

Y Y

T_‘ +x-—-—t % ‘_T

i X
|
-
&
7 ¢ %
Tolerance for length of the longest side of the table up to: fMeasured deviation
5000 10 000 15000 20 060 For a measuremlent
paralleli$m tolerance: 0,10 0,20 0,30 0,40 distance of:

For table lgngths over 20 000, the tolerance shall be agreed upon between |Over a table length| of:
manufactufer/supplier and user. 0,54 (max 0,3)
Measuring instruments
Dial gauge pnd gauge block or optical method.
Observatipns and references to 1SO 230-1:2012,12.3.2.5.2
If the spindle can be locked, the dial gauge may-be mounted on it. If the spindle cannot be locked, the
dial gauge shall be placed on the ram face,
The ram shall be positioned at mid-travel:
Prior to th¢ measurement, each méasturement spot may be manually smoothed by an abrasive stone,
in order tojminimize small inac¢uracy of the table surface.

Flus

20
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Object | G14

Checking of parallelism between the surface of the fixed table and the ram movement (Z-axis).
Diagram

<
>

L> ’
z

Tolerance Measured deviation
0,07 over a measuring length of 1 000
Megsuring instruments

Strgightedge and dial gauge.
Obdervations and references to I1SO 230-1:20%12, 12.3.2.5.2

If tHe spindle can be locked, the dial gauge may be mounted on it. If the spindle cannot be lqcked, the
diallgauge shall be placed on the ram face.

This test shall be carried out in at leastthree positions of the column (X-axis) along the bed (at 10 %,
50 9% and 90 % of travel/table lengthy:

Set the straightedge on the fixed-table in Z-axis direction parallel to the table surface; travé¢rse the
ran] through the measuringlength and note the variation in readings. Without using the straight-
edgp, direct measurement.of the table surface using dial gauge and gauge block is also possjible.

The|parallelism erroris’the difference between the maximum and the minimum reading.
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7.4 Boring spindle

Object
Checking of the boring spindle:
a) run-out of the internal taper, spindle retracted:

1) close to the spindle gauge line;

2) at a distance of 300 from the cpintﬂp nose;

G15

b) run-ouf of the external diameter:
1) with the spindle retracted;
2) with the spindle extended 300;
c) axial erfor, with the spindle retracted, E7c).
Diagram
Y Y
A A
-7 NN Z
2) 1) 2) 1)
Ot
= Ve
a) —_— b)
Ftw =i —
o
c)
Tolerance Measured deviations
D <125 125<D <200 D>200 |qg)
for a) and H) 1) 0,01 0,015 1)
2) 0,02 0,03 b)z)
for ¢) 0,01 0,015 1)
where D is the diameter of the boring spindle. 2)
9

Measuring instruments
For a) and b): dial gauge with test mandrel.

For c) dial gauge with flat-ended stylus and test sphere.

Observations and references to for a) and b) 1SO 230-1:2012, 12.5.2; for c) ISO 230-7:2015, 5.4.4

The value and the direction of application of the force, F, shall be specified by the manufacturer/
supplier. When preloaded bearings are used, no force needs to be applied.

NOTE Test AR1 is a spindle test for evaluating error motions of the spindle axis of rotation.

22
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Object Gl6

Checking of parallelism between the axis average line of the boring spindle axis of rotation and the
ram movement (Z-axis):

a) inthe vertical YZ-plane, Ez(0z)(c);
b) in the horizontal ZX-plane, Eg(0z)(c).

Diagram
Y
. z
Tolerance Measured deviations
For a) and b) a)
0,02/300

Megsuring instruments

Tes§ mandrel and dial gauge
Obgervations and references to ISO 230+<1:2012, 10.1.4

Medsurements are performed by moviig the Z-axis and shall be carried out with the aid offthe test
mardrel mounted in the spindle nose.The boring spindle (W-axis) shall be retracted.

Carfy out the measurement at the.mean position of run-out of the spindle rotation or evalupte the
medn value of measurements(taken at two positions of the spindle rotation at 1800 apart.

The|orientation of the parallelism deviation between the boring spindle axis and the Z-axig, in both
planes, shall be noted.
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(1 000 is tHe distance between the two measuring points touched)

Object G17
Checking of squareness between the axis average line of the boring spindle axis and the column
movement (X-axis), EB(ox)(c)-
Diagram
/—_\\\*-—/’/——\\\‘,/ v/\//—\
J X
/ B T—> V4
| =
]U BN
~
il
/——_\\\~._/’/’—\\ |~
Tolerance Measured deviation

0,04/1 000

Dial gauge,

Measuring instruments

special arm and straightedge.

Observati

the lack of

with the di

is the squa

The X-axis

bns and references to I1SO 230-1:2012, 10.3.3

The ram (Z-axis) shall be locked. The"spindle shall be retracted.

Set the strdightedge horizontally.onthe fixed table and align it to the column movement (X-axis) o

barallelism shall becensidered in the measurement.

Set the dial gauge on the speCial arm mounted to the spindle. Touch the surface of the straightedgg

h] gauge stylus'and zero it.

Turn the boring spindlé until the stylus touches the reference face of the straightedge again and n
the reading.

=

reness error, Egroxarc).

position and the Y-axis position of the test shall be recorded.

The value of the angle, a, being less than, equal to or greater than 90°, shall be noted.

te

The difference'between the two readings divided by the distance between the two measuring pOiTtS

The special arm shall be stiff enough so as to prevent any possible reading errors due to its opposite
deflections in the two measurement positions.

24
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Object G18

Checking of squareness between the axis average line of the boring spindle axis and the spindle head
movement (Y-axis), Ea(oy)(c)-

Diagram

_—
|

Tolerance Measured deviation
0,04/1000 with a < 902
(1 000 is the distance between the two meaSuring points touched)

Megsuring instruments

Squpre, surface plate, adjustable blocks, dial gauge and special arm
Obgervations and references to.ISO 230-1:2012, 10.3.3

Set b surface plate on the table.and then place a cylindrical square on it. Adjust the surface plate until
the pquare is parallel to the'spindle head movement (Y-axis) using adjustable blocks or the Jack of par-
alle]ism shall be considered in the measurement.

Thelspindle and the'ram shall be retracted.

Set the dial gauge on the special arm mounted to the spindle. Place the stylus of the dial gajige against
the pquare. Zero the dial gauge. Turn the boring spindle until the stylus touches the squarefagain.
Recprd thereading.

The|difference between the two readings divided by the distance between the two measurjng points
is thehieasured squareness error, Ea(oy)(().

This test may also be performed without the square, by placing the dial gauge support on the table
and touching with the stylus a point on a special arm fixed on the spindle, thus avoiding any possible
deflection of the dial gauge arm and making the reading easier. The spindle axis shall be rotated 180°
and the Y-axis shall be moved in order to make the stylus touch the special arm in the same point. In
this case, the measurement is influenced by the Ezy straightness error of the Y-axis.

The special arm shall be stiff enough so as to prevent any possible reading errors due to its opposite
deflections in the two measurement positions.

The Y-axis position of the test shall be recorded.

The value of the angle, a, being less than, equal to or greater than 90°, shall be noted.
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7.5 Milling spindle

Object G19

Checking of the milling spindle nose:
a) run-out of the external cylindrical centring surface;

b) axial error, E7(c);

) face run-outofthe spindle nose {including axial error)
Diagram
a)
c) ¢
b) .4____
s
19—
Tolerance Measured deviations
D<125 125xD< 200 D>200 |q)
for a) and 4) 1) 0,01 0,015 0,02 b)
2) 0,01 0,015 0,02 9
for c) 0,02 0,03 0,04
where D is the diameter of the hohing spindle.
Measuring instruments
Dial gaugeTWith flat-ended/stylus for b)]
Observati¢gns and references for a) and c) to ISO 230-1:2012, 12.5.2; for b) 1SO 230-7:2015, 5.i.4.
The value dnd thesdirection of application of the force, F, shall be specified by the manufacturer/
supplier. When preloaded bearings are used, no force needs to be applied.
The distante4

NOTE Test AR1 is a spindle test for evaluating error motions of the spindle axis of rotation.
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Object G20

a) Checking of concentricity between the axis average line of the spindle and the external cylindrical
centring of tools or accessories on the ram.

b) Checking of squareness between the support face of tools or accessories on the ram and the axis
average line of the axis of rotation of the spindle.

NOTE These checks are valid only if there is a circular locating surface on the ram.

Diagram

(o
T

e -
LTTAAAAAAA

Tolerance Measured deviations

a) 0,02 a)
b) _0;02/500 b)
(500 is the distance between/the two measuring points touched)
Megsuring instruments

Dial gauge and special.arm
Obgervations and references to ISO 230-1:2012

a) 1S0O 230-1:2912,12.3.4
Confentricityvdeviation is the half of the maximum difference of the readings.
b) [SO230-1:2012,12.4.8
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7.6 Rotary and movable table

Object G21

Checking of straightness of the table slide movement (R’-axis):
a) inthe vertical YZ plane, Eyg;
b) in the horizontal ZX plane, ExRr.

Diagram
A\./ﬁ\\._/
Tolerance Measured deviations
for a) and b) a)
0,02 for measuring lengths up t6.+’000 b)

Add 0,07 to the preceding tolerance for each:1 000 increase in length
beyond 1 000

Maximum tolerance: 0,05
Measuring instruments

Straightedge, dial gauge and gauge blocks, or optical methods or taut wire and microscope for b).
Observatipns and referenees to 1SO 230-1:2012, 8.2.2.1, 8.2.2.3 and 8.2.2.5

Set a straightedge on the'table, vertically for a) and horizontally for b), parallel to the R’-axis movement
of the tablg slide or theTack of parallelism shall be considered in the measurement.

If the spindle can'be locked, the dial gauge may be mounted on it. If the spindle cannot be locked) the

dial gauge jshall be mounted on the ram face. The stylus shall be normal to the reference face of{ the
straightedge:

Traverse the table in the R’-axis direction and note the readings.
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Object G22
Checking of angular deviation of the table slide movement (R-axis):

a) in the vertical YZ plane, EaR (pitch);
b) in the vertical XY plane, Ecr (roll);
¢) in the horizontal ZX plane, Egr (yaw).

Diagram
X X N
L~ Fd L' Z B
= i - : 5
~ = - -
Vs /=
1 2 3 40)5
a} bJ \—/_ c) \.//_\
Key
1 measuring levels
2 reference levels
3 laser head
4 angle interferometer
5 retro-reflectors
Tolerance Measured deviations
for a), b) and c) a)
R <4000:0,04/1 000 b)
R>4000: 0,06/1 000 0)
Local tolerance: 0,02/1 000 for any measuring length of 300
Megsuring instruments
a) Precision levels, laser interferometer or other optical angular deviation measuring instfuments.
b) Precisionleyels.
c) Laser.interferometer or other optical angular deviation measuring instruments.
Obgervations and references to ISO 230-1:2012, 3.4.16 and 8.4

Thetevetorimstrumentshattbe ptaced o the tabte:

a) EaR (pitch) in the Z-axis direction (with optical instruments set vertically);
b) Ecr (roll) in the X-axis direction;

c) EBR (yaw) in the Z-axis direction (with optical instruments set horizontally).
The reference level shall be located on the ram and the ram shall be in the middle of the travel range.

When R’-axis motion causes an angular movement of both spindle head and work holding table,
differential measurements of the two angular movements shall be made and this shall be stated.
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Object

G23

Checking of parallelism between the table slide movement (R’-axis) and the ram movement (Z-axis):
a) inthe vertical YZ-plane, Ex(0z)R;
b) in the horizontal ZX-plane, Eg(oz)R.

Diagram
Y X
A
L =7
. 3£ i — Q +Z
% i
+R" () -R'
+R! =R q—l_"?l
a) b)
Tolerance Measured deviations
a) and b) a)
0,03/500 b)

Straighted

Measuring instruments

be, dial gauge and adjustable blocks:

Observati
Set a straig
(Z-axis) or
If the spind
dial gauge
Apply the s
X-direction

Move the R
ism error, 1
along the R

bns and references to I1SO 230+1:2012, 10.1.2

htedge on the table, vertical.for a) and horizontal for b), parallel to the ram movement
the lack of parallelism shall)be considered in the measurement.

le can be locked, thedial gauge may be mounted on it. If the spindle cannot be locked, the
shall be placed on the Tam face.

tylus of the dialgauge to the straightedge, measuring in the Y-direction for a) and in th
for b). Retragct-the ram and zero the dial gauge.

9%

-axis tothe'required position and record the dial gauge reading. The measured paralle]

'A(0Z)ROr a) or EB(oz)R, for b), is the ratio between the reading and the travelled distance
-axis)

NOTE Th

setests can also be pnrfnrmnr] with cing]n pointmeasurements (cynr‘hrnnnnc movements

of Z-axis and R’-axis)

30
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Object G24

Checking of squareness between) the table slide movement (R’-axis) and the spindle head movement
(Y-axis), Ea(oR)y-
Diagram

Tole¢rance Measured deviations
0,04/1 000

Megsuring instruments

Squpre, straightedge, adjustable blocks and dial gauge:
Obdervations and references to I1SO 230-1:2012,10.3.2

Set h straightedge on the table parallel to the table slide movement (R’-axis) using adjustable blocks
or the lack of parallelism shall be consideréd’in the measurement. Place a square on the strpightedge.

If tHe spindle can be locked, the dial gauge may be mounted on it. If the spindle cannot be lqcked, the
diallgauge shall be placed on the ram face.

Apply the stylus of the dial gauge to the square, measuring in the Z-direction. Position the Y-axis to
medsure close to one end of the)square surface and zero the dial gauge.

Move the Y-axis to measure close to the other end of the square surface and note the reading.

Thelmeasured squareness error, Ex(oy)R, is the ratio between the reading and the travelled|distance
along the Y-axis.
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Object

is), EB(0X)R.

Checking of squareness between the table slide movement (R’-axis) and the column movement (X-ax-

G25

Diagram
X )
“ l\/ +x
m—: | t
+R-—d Eb-ﬁ-b R | v
7 — -X
e
Tolerance Measured deviation
0,04/1 000
Measuring instruments
Square and dial gauge

parallelism]
If the spind

to measursg

Move the R
measured §
the R-axis.

Observatipns and references to I1SO 230-1:2012, 10.3.2

Set a squarg on the table and align one side parallel.tothe column movement (X-axis) or the lack of

dial gauge $hall be placed on the ram face,

Apply the dtylus of the dial gauge to the-square, measuring in the X-axis direction. Position the R’-3xis

shall be considered in the measurement.

le can be locked, the dial gauge may-be mounted on it. If the spindle cannot be locked, the

close to one end of the squdre surface and zero the dial gauge.

-axis to measure clo§éjto the other end of the square surface and note the reading. The
quareness error, Eg{px)R, is the ratio between the reading and the travelled distance alpng

32
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Object

G26

Checking of parallelism error between the B’-axis of rotation of the table and the Y-axis motion:
a) Ea(oy)s in the vertical YZ plane;

b) Ec(oy)s in the vertical XY plane.

shallfthen be moved to another location. The displacement sensor is re-positioned to read against the test sphere at this n¢

|

The drrorin the centre position shall be recorded as half the difference of the readings of the displacement sensor at oppog{

Diagram
Y
Y
h l
Rl
X -—
P77
Nz
B
L
S Gl Mok oo
I =)
Alternative
a) b) method
Tolerance Measured deviations
a)
0,04/1 000 b)
Meaquring instruments
Cylinder square with flange base and dial gauge
Obsgrvations and references to ISO 230-1:2012, 3.6.4, 10.1.4, 10.¥.4.3, or 10.1.4.4 as alternative
If thelspindle can be locked, the dial gauge may be mounted on it Ifthe spindle cannot be locked, the dial gauge shall be mdunted on the
spindle head.
a) Z{axisto be locked, if possible.
b) Xjaxis to be locked, if possible.
1) |Fix a cylinder square with a flange base onthetable and centre it approximately on the axis of rotation.
2) |Fix the dial gauge with the stylus oriented in the Z-axis direction for a) and X-axis direction for b).
3) |Touch the cylinder square by the stylus; close to the cylinder bottom, and find the maximum reading by making smal] movements
along the X-axis for a) and along Z-axis for b). Zero the dial gauge.
4) [Move the head away from the.table along the Y-axis and touch the cylinder close to its top again. Note the Y-axis travql length. Find
the njaximum reading by making.small movements along the X-axis for a) and along Z-axis for b) and note the new reading
5) |Turn the table by 1802andTepeat steps 3) and 4).
6) |For both measurefments a) and b), the average value (half the algebraic sum) of the two readings on top of the cylindqr, divided by
the Yfaxis travel length;is the deviation to be reported.
Alteynative method
A tes} spherge shall be mounted on the spindle head of the machine and the linear displacement sensor shall be mounted on|the table. The
test gphere shall be centred with respect to the B-axis average line by moving X-axis and Z-axis, while rotating the B’-axis|The Y-axis

w location.
ite points on

the sphere. This alternative method can be used when it is possible to touch a complete horizontal circumference of the sp
sphere equator).

The orientation of the parallelism deviation between the B’-axis and the Y-axis, in both planes, shall be noted.

here (e.g. the
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2:2016(E)

Object G27
Checking of parallelism between the median or reference T-slot, in the rotary position B0, and the
table slide movement (R’-axis).
Diagram
—1 h—
f [_lhﬁ] 7
t\\ f
5 | S—
:,7 { xa—
] [
A -R
I
D
T
\r+R|
Tolerance Measured deviation

0,03 for any measuring length of 1 000

Dial gauge

Measuring instruments

hnd cross-square

Observati

If the spind
dial gauge

The stylus
Traverse th
stylus and

and the tal

The parallg

the dial gayige into contact with(the reference surface or insert the cross-square between the styly

bns and references to 1SO 230-1:2012,12.3.2.5.1

le can be locked, the dial gauge may‘be mounted on it. If the spindle cannot be locked, the
thall be mounted on the ram face:

pf the dial gauge may touch the reference face of T-slot directly or by using a cross-square.

e R’-axis from one measufément position to the following without contact between the
[he reference surface. At each measurement position, either move down the Y-axis to bijing

wn

le surface.

lism error is the difference between the maximum and the minimum reading.

34
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7.7 Indexing or rotary tables
Object G28
Checking of face run-out of the table surface in its rotating movement.
Diagram
X Y
A A
=7 — 7
C D
3=—=2
—2-
:%4 — #:
B A
— D —1

Key

D measuring diameter

1,2[/3and4 measurement positions

A,B, CandD table corners

Tolerance for a measuring diameter, D, up to: Measured deviation

2000 3000 4000 5000
tolerance: 0,04 0,06 0,08 0,10

For|measuring diameters, D, over 5 000, the tolerance shall be

agr¢ed upon between manufacturer/supplier and user.

Dial

Megsuring instruments

gauge and gauge block

Obs
Wit
med
inse
and

Rep
the

ervations and references to ISO 230-1:2012,12.5

D by pesitioning the table to B180 and B270.

aximum and minimum readings.

h the dial gauge'iff position 1, place a gauge block toward the corner A of the table and thke the
surement. Take off the gauge block and rotate the table to B90 and take the measurement by
rting the-same gauge block (toward corner B). Carry out the same operation toward th¢ corners C

eat the test reversing the B’-axis rotation direction (from D to A). Record the difference|between

Repeat the same process, placing the dial gauge in the successive positions of 2, 3 and 4 or at least in
position 2.

Use the greatest of the recorded differences as the value of face run-out.

Lock the table each time before taking measurements, if applicable.
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Object G29

Checking of run-out of the centring hole of the table in its rotating movement.

Diagram

Y
_
A @ a
LE
B
[(CEA [ VEE™ |
—
Tolerance Measured deviation
0,015

Measuring finstruments
Dial gauge (Jever type)
Observatiops and references to ISO 230-1:2012, 12.5
If the spindle can be locked, the dial gauge may be mounted on it. If the spindle cannot be locked, the dial gquge
shall be moynted on the ram face.
Set the stylys of the dial gauge in the same plane with-the axis of the centring hole and as near as
possible to the table surface.
Rotate the tpble and record the difference between the maximum and the minimum reading.
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Object G30
Checking of accuracy of the table angular positions at 0°, 90°, 180° and 270°.

a) for rotary indexable table with only four fixed positions 90° apart.

b) for rotary indexable table with any number of fixed positions.

Diagram
X<t >t
T 1 T]
[l
i gr al
I
Tolerance Measured deviation
a) ,06/1000 a)
b) P,05/1 000 b)

MeLsuring instruments

Squpre and dial gauge or optical metheads
Obgervations and references to 1SO 230-1:2012, 9.2

For poth a) and b):

Set p square on the table with one edge parallel to the column movement (X-axis).

Ind¢x the table four tirhesin one direction (90°, 180° 270°and 360°) and check in every pogition the
pargllelism (slope) Between column movement and the corresponding edge of the square.

Indéx the table four'times in opposite direction (270° 180° 90° and 0°) and check again the¢
parallelism (slope) in every position. The maximum difference of the eight readings is the measured
devjation.

NOTE ~Tests for checking of accuracy and repeatability of angular positioning of rotary tahle by
nunperical control (B’-axis), Egp are specified in P6.

8 Checking accuracy and repeatability of positioning by numerical control

These tests are applied only to horizontal boring and milling machines, numerically controlled for
linear and rotary positioning axes.

In performing the tests, reference should be made to ISO 230-2, especially for the environmental
conditions, warming up of the machine, measuring methods, evaluation and interpretation of the
results.

NOTE For editorial reasons, within this Clause, the symbol B for the mean bi-directional positioning error

of an axis has been adapted to the subscript Bmean (e.g. Exx,Bmean iS the symbol for the mean bi-directional
positioning error of the X-axis).
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Object | P1
Checking of accuracy and repeatability of positioning of the column movement (X-axis) by numerical control, Exx.
Diagram Key
1 laser head
1 ] 2 interferometer

3 reflector

|/

L 2
ek [£ﬂ¢
LT

L.,

i

x

e uNIEY)
3
Tolerance Measured length Mea.su_red
<500 [&1 000 | <2000 |deviation
Axesupto 2000

Bi-directionjal positioning accuracy of X-axisa Exx,A 0014 | 0,020 0,022
Unidirectional positioning repeatability of X-axisa Exx.rt:Exxre 0,007 | 0,009 0,011
Bi-directionfal positioning repeatability of X-axis Exx,Rr 0,011 | 0,014 0,017
Mean reverdal value of X-axis EXX,Bimean 0,005 | 0,006 0,008
Bi-directionfal systematic positioning error of X-axisa |ExxE 0,008 | 0,011 0,013
Mean bi-dirgctional positioning error of X-axisa Exx,M 0,003 | 0,005 0,006

Axes exceeding?2 000

One or morq segments of 2 000 with five runs upwards and downwards each.

For axes up fo 4 000 one full measurement.over one 2 000 mm segment is

recommendgd, for axes over 4 000 and dp'to 8 000 two 2 000 mm segments are recommended,
and so forthl Test segments shall be equally spaced along the full axis length, with any excess
length equally divided at the beginhing, in between, and at the end of the test segments.

Bidirectiongl systematic positioning error of X-axis2 |ExxE 0,016 + 0,006 for each
additional 1 000

Mean bi-dirgctional positigning error of X-axisa Exx,m 0,008 + 0,003 for each
additional 1 000

a May provide-a basis for machine acceptance.

Measuring finstruments

Laser measurement nnlnipmnnf orlinearscale

Observations and references to ISO 230-2:2014, Clause 3, 5.3.2 and 5.3.3

The linear scale or the beam of laser measurement equipment shall be set parallel to the travelling axis.

Positioning feed speed shall be agreed between manufacturer/supplier and user.

The position of the starting point of measurement shall be stated.

Number and position of 2 000 test segment(s) shall be stated in the test report.
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Object P2

Checking of accuracy and repeatability of positioning of the spindle head movement (Y-axis) by
numerical control, Eyy.

Diagram Key
- 1 laser head

2 interferometer
3 reflector
z

2
A
H

Measured length Measured
<500 | <1000 | <2 000 || deviation

Tolerance

Axesupto 2 000

Bi-djirectional positioning accuracy of Y-axisa Evy,a 0,014 | 0,020 | 0,022
Unidirectional positioning repeatability of Y-axisa{Eyy,rt; Eyy,re| 0,007 | 0,009 | 0,011
Bi—d|irectiona1 positioning repeatability of Y-axis |Eyy,r 0,011 | 0,014 | 0,017
Mea reversal value of Y-axis EyYBmean | 0,005 | 0,006 | 0,008
Bi-djrectional systematic positioning errorof Y-axisa | Eyy,g 0,008 | 0,011 | 0,013
Mean bi-directional positioning error of Y-axisa  |Eyy,m 0,003 | 0,005 | 0,006

Axes exceeding 2 000

Onelor more segments of 2 000 with five runs upwards and downwards each.

For axes up to 4 000, one full measurement over one 2 000 mm segment is recommended,
for dxes over 4 000 and-up to 8 000, two 2 000 mm segments are recommended and so
forth. Test segments)shall be equally spaced along the full axis length, with any excess
length equally divided at the beginning, in between, and at the end of the test segments.

Bidifectional.systematic positioning error of Evv.g 0,016 + 0,006 for each

Y-axis? additional 1 000

Mea|n bi~directional positioning error of Y-axis2 |Eyym 0,008 + 0,003 for each
additional 1 000

a May provide a basis for machine acceptance.

Measuring instruments

Laser measurement equipment or linear scale

Observations and references to I1ISO 230-2:2014, Clause 3, 5.3.2 and 5.3.3

The linear scale or the beam of the laser measurement equipment shall be set parallel to the travel-
ling axis.

Positioning feed speed shall be agreed between manufacturer/supplier and user.

The position of the starting point of measurement shall be stated.

Number and position of 2 000 test segment(s) shall be stated in the test report.
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Object P3

Checking of accuracy and repeatability of positioning of the ram movement (Z-axis) by numerical
control, E77.

Diagram Key
i 1 laser head
2 interferometer
I 3 reflector
Z

I——Br [ )

Measured length Measured
Tolerance <500 | <1000 | <2000 | deviatjon
Bi-directiohal positioning accuracy of Z-axisa E77:k 0,014 | 0,020 | 0,022
Unidirectidnal positioning repeatability of Z-axisa| Ezz,r1;Ezz,rL| 0,007 | 0,009 | 0,011
Bi-directiohal positioning repeatability of Z-axis~ Ezz,r 0,011 | 0,014 | 0,017
Mean reversal value of Z-axis E77 Bmean 0,005 | 0,006 | 0,008
Bi-directionjal systematic positioning erroxof Z-axis2| Ezz,E 0,008 | 0,011 | 0,013
Mean bi-difectional positioning errof of Z-axisa |Ezz,Mm 0,003 | 0,005 | 0,006
a May provide a basis for machine acceptance.

Measuring instruments

Laser meajurement equipnient or linear scale
Observatipns and reférences to I1SO 230-2:2014, Clause 3, 5.3.2 and 5.3.3

The linear pcale orthe beam of the laser measurement equipment shall be set parallel to the travel
ling axis.

Positioning féed speed shall be agreed between manufacturer/supplier and user.

The position of the starting point of measurement shall be stated.

Number and position of 2 000 test segment(s) shall be stated in the test report.
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Object

by numerical control, Ezw.

P4

Checking of accuracy and repeatability of positioning of the sliding boring spindle movement (W-axis)

Diagram Key
” 1 laser head
2 interferometer
3 reflector
2
1

Measured length | Measured

Tolerance 2500 | <1000 ||[deviation
Bi-directional positioning accuracy of W-axis? Ezw,A 0,017 0,022
Unidlirectional positioning repeatability, of W-axis2 | Ezw,r1; EZw,RL 0,007 0,011
Bi-directional positioning repeatability.ef W-axis |Ezw,Rr 0,014 0,017
Medn reversal value of W-axis E7w Bmean 0,006 0,008
Bi-directional systematic positjiohing error of W-axisa| Ezw, g 0,010 0,012
Medn bi-directional positiofing error of W-axisa  |Ezw,m 0,004 0,005

a May provide a basis for machine acceptance.

Megsuring instruments

Laser measurement’equipment or linear scale

linglaxis.

Obgervations and references to ISO 230-2:2014, Clause 3, 5.3.2 and 5.3.3

Thellinearscale or the beam of the laser measurement equipment shall be set parallel to thg travel-

POS fif\hil’\g FDDI" Cpﬂﬂf" C]‘\Q]] ]"\D agrnnr] hnfurnon mﬁnllfﬁf‘fllY‘DV‘I/Cllpp]iDY‘ anr‘ llsoer

The position of the starting point of measurement shall be stated.
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Object P5

Checking of accuracy and repeatability of positioning of the table slide movement (R’-axis) by
numerical control, EzR.

Diagram Key
¥ 1 laser head
2 interferometer
I 3 reflector
- 7

pill s L]
1—=F
Measured length Measured
Tolerance <500 |<1000 |<2 000 | deviatfon
Bi-directiohal positioning accuracy of R-axisa E7R,A 0,014 10,020 10,022
Unidirectignal positioning repeatability of R-axis2 | Ezp,r1;EZr,RL|0,007 0,009 |0,011
Bi-directiohal positioning repeatability of R=axis |Ezr,Rr 0,011 {0,014 (0,017
Mean reversal value of R-axis E7R Bmean [0,005 (0,006 |0,008
Bi-directionjal systematic positioning e€ryor of R-axisa| Ezg, g 0,008 |0,011 (0,013
Mean bi-difectional positioning errer of R-axisa E7zr,M 0,003 |0,005 |0,006
a May provide a basis fomachine acceptance.

Measuring instruments

Laser meaqurement eqGipment or linear scale

Observations and feferences to ISO 230-2:2014, Clause 3, 5.3.2 and 5.3.3

The linear $cale‘or'the beam of the laser measurement equipment shall be set parallel to the trave|
ling axis.

Positioning feed speed shall be agreed between manufacturer/supplier and user.

The position of the starting point of measurement shall be stated.
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