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Foreword

[SO (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 maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO document should be noted. This document was drafted in accordance with the editorial rules of the
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edition cancels and replaces the second edition (ISO 8632-2:2007), which has been f

thanges are as follows:
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tool specific standards;
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hces for testStelated to long axes (with travel lengths greater than 5 000 mm) have been ij
por straightness and angular errors of Z-axis motion have been added;
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ferences in the Observations Section of test tables have been updated to ISO 230-1:2012;
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inary remarks subClauses have been revised to be consistent with the latest revisions of machine-
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or rotary table, C™-axis, have been added;

tests for geometric accuracy of axis of rotation have been moved to Annex A;

machining tests have been excluded considering that such tests can typically be the object of agreement

between the manufacturer/supplier and the user, (possibly) including tests that are specified in
ISO 10791-7;

the test for table flatness (former G9) has been deleted because the table surface is not normally used

as a reference for the orientation of the workpiece, and, for tests made during the working life of the
machine tool, the surface can be unsuitable for accurate measurements on these large machine tools;
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— the tests for swivelling spindle heads (former G15 and P7) have been deleted as such heads are notin the
scope of this document; they will be considered in a future standard.
Alist of all parts in the ISO 8636 series can be found on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

A bridge-type milling machine is a numerically controlled machine tool capable of performing multiple
machining operations, including milling, boring, drilling and tapping, as well as automatic tool changing
from a tool magazine or similar storage unit according to a machining program. Its main difference from the
typical vertical machining centre, dealt with in ISO 10791-2, is in the size (the X-axis is longer than 5 m) and

its typical

configuration is based on the following features:

— alarge fixed table where large workpieces can be located;

— allmo

tions along the three coordinate axes belong to the tool, in the following order:

a

a

43 1 el d 43 1 1 4] 7 H
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horizontal slide moves on the cross-rail along the Y-axis;

— the travelling bridge moves on the bed along the X-axis.

Common @

the tr
level,

th

as

the trg
fixed d

onfigurations of the gantry machine tool are:

wvelling bridge can be a complete portal made by two columns, moving on slideways o
fonnected by a top-bridge, where

e top-bridge can be fixed and used as cross-rail, or

e top-bridge can be fixed and the cross-rail can be movahle-on vertical slideways on th
a vertical motion additional to the Z-axis;

velling bridge can be made by a simple cross-rail, maving on horizontal slideways placed o

An additio|

if the
the ga
and th

if the
horizd
and th

The object
can be car
user or by

achine is designed and intended-to-be a bridge-type milling machine with additional rg
htry motion on the bed is called X=axis, the horizontal slide motion on the cross-rail is cg

e relevant geometric tests are.considered in this document;

e relevant geometrioOtests are considered in ISO 13041-2.

of this docunient is to supply information as wide and comprehensive as possible on t

the mantfacturer/supplier.

olumns, often a multiple modular structure which gan be assembled up to the required X-3

al feature of the gantry machine tool can héa large rotary table, usually located at oneg
workholdipg table, to be used for turning operations‘on large workpieces. In this case, the ganty
with rotarjy table becomes very similar to a verticallathe with moving gantry, with the following d

machine is designed dnd intended to be a vertical lathe with additional gantry nj
ntal slide motion on(the cross-rail is called X-axis, the gantry motion on the bed is called Y-axis

ried out for-comparison, acceptance, maintenance or any other purpose deemed necesg

n the floor

e columns,

h top of tall
xis length.

end of the
y machine
ifferences:

tary table,
lled Y-axis

jotion, the

bsts which
ary by the
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Machi

ne tools — Test conditions for bridge-type milling

machines —

Part 2:

Testing of the accuracy of travelling bridge (gantry-type)

machines

1 Scope

This document specifies, with reference to ISO 230-1, ISO 230-2 and ISO 230-7, geometric testq and tests
to check the accuracy and repeatability of positioning of numerically controlled-axes for generdl-purpose,
normal acfuracy bridge-type milling machines with a travelling bridge (ganttryr-type). This docyment also
specifies the applicable tolerances corresponding to the above-mentioned tests.

This document provides the terminology used for the identifications of-the principal compongnts of the
relevant njachine tools and the designation of axes with reference todSO 841.

This docuinent is applicable to machine tools with travelling bridge and fixed table. This document does not

include sin

This docu

not apply
componen

checked b

ks, etc.) nor to machine tool characteristics (such as speeds and feeds), which arg

gle-column (open-sided) machine tools and those with fixed bridge and moving table.

ment deals only with the verification of the aceuracy of the machine tool. This docu
to the testing of the machine tool operatign (vibration, abnormal noise, stick-slip

efore testing the accuracy.

2 No

r\:]l
The followjing documents are referredit@'in the text in such a way that some or all of their content ¢

requiremg
the latest 4

ISO 230-1:
or quasi-st|

1SO 230-2:
of numeric

[SO 230-7:

ative references

nts of this document. For'dated references, only the edition cited applies. For undated 1
bdition of the referenced~document (including any amendments) applies.

ment does
motion of
generally

onstitutes
eferences,

012, Test code forimachine tools — Part 1: Geometric accuracy of machines operating under no-load

tic conditions,

014, Test code for machine tools — Part 2: Determination of accuracy and repeatability of |
nlly controlled axes

D015, Test code for machine tools — Part 7: Geometric accuracy of axes of rotation

bositioning

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 230-1, ISO 230-2, ISO 230-7 and

the followi

ng apply.

[SO and [EC maintain terminology databases for use in standardization at the following addresses:

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

IEC Electropedia: available at https://www.electropedia.org/

© IS0 2024 - All rights reserved
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travelling bridge (gantry-type) milling machine
milling machine with one fixed workpiece-holding table, two slideways on two beds on either side of the
table and a travelling bridge (gantry) on which the spindle head(s) are mounted

Note 1 to entry: The beds can be dependent or independent of the table and can be supported by fixed columns [see

Figure 1 a)

and Figure 1 b)].

Note 2 to entry: The gantry, composed of a left-hand column and a right-hand column supported by respective column
slides and made integral with a fixed top bridge, is moved along the bed slideways. The gantry supports a horizontal
cross-rail, movable or fixed in the vertical plane, on which one or more spindle heads are mounted with vertical

spindles.

Note 3to e

4 Classification and description of travelling bridge (gantry-type) milling' mg

4.1 Clagsification

These madhine tools are classified into the following types depending upon construction:

— travelling bridge (gantry-type) milling machines with a cross-rail movable along the Z-(W-
Figurg 1 a)];

— travelling bridge (gantry-type) milling machines with a cross-rajlfixed along the Z-axis [see F|

The principal components of these machines are shown in Figure'l and described in 4.2.

4.2 Desgriptions of the principal components

4.2.1 Bed and table

The table [Figure 1 Key 1) is located betweenstwo slideways that form the bed (Figure 1 Key 2)

and the slideways can be constructed in one-pi€ce. Alternatively, the assembly can be made of sev

rigidly connected through the foundation er/directly to each other.

NOTE1 ['he table can be replaced by.afloorplate.

NOTE 2  Arotary table (Figure 1 Key'18) can be incorporated in the worktable.

ichines

axis [see

lgure 1 b)].

The table
eral pieces

© IS0 2024 - All rights reserved
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b) Bridge-type milling machine with a fixed cross-rail and X-axis beds supported by fixed columns

Key

1 table (or floorplate) 9 cross-rail slideways 17 fixed columns

2 bed 10 vertical head saddle 18 rotary table (C’-axis)

3 Dbed slideways 11 vertical spindle head R vertical motion of the side spindle head (R-axis)

4 column slide 12 quill (ram) V horizontal motion of the side spindle head (V-axis)
5 column 13 tool-holding spindle W movable cross-rail vertical motion (W-axis)

6 column slideways 14 tool (milling cutter) X X-axis

© IS0 2024 - All rights reserved
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7 top bridge 15 horizontal spindle head Y Y-axis

8 movable or fixed cross-rail 16 column head saddle 7 Z-axis

NOTE For terms in French, German, Italian, Japanese and Persian, see Annex B.

Figure 1 — Travelling bridge (gantry-type) machine tools with movable and fixed cross-rail

4.2.2 Columns, top bridge and cross-rail

With reference to Figure 1 a), columns (Figure 1 Key 5) are rigid parts with vertical slideways, which either
slide on the bed or are rigidly fixed to column slides (Figure 1 Key 4) which slide horizontally on the beds.

The top brfidge (Figure 1 Key 7) is a fixed part connecting the two columns near their top ends.

The crossqrail (Figure 1 Key 8) is a part whose horizontal slideways are parallel to the plane o
In the cas¢ of machines with fixed cross-rails, the cross-rail is made integral with the cplumns :
used as a fop bridge. In the case of machines with movable cross-rails, the cross-rail slides vertic

columns’

With refe

(Figure 1
slideways

423 S
One or mo

The porti

Spindle he
on the cro

The vertia
be mounte
heads can

424 M

The vertic
to be movy
be movabl

5 Exanj

See Figurd

lideways (Figure 1 Key 6).

ence to Figure 1 b), the cross-rail is not moving along the W-axisy Cross-rail and
ey 8) are one-piece, not mounted on columns, but sliding directly~along the X-axis, on
ounted on multiple fixed columns.

indle head(s)
e spindle heads with vertical or horizontal spindles axe'mounted on the cross-rail slidg
in direct contact with the cross-rail slideways is-called the head saddle (Figure 1 Keys

nds (Figure 1 Keys 11 and 15) are mounted onhiead saddles (Figure 1 Keys 10 and 16) w
5s-rail or column slideways.

al spindle head can slide vertically.on‘the head saddle; it is then called a ram. The s
d in a quill (Figure 1 Key 12) sliding vertically in the spindle head. Integral or univer
be applied on the bottom of the §pindle head or ram.

pvable cross-rail motion

hl motion of the movable cross-rail can be either a feed motion (in which case, the cross
ible when working)-er‘a movement between fixed working positions (the cross-rail is t
e when being poSitioned).

Iples ofmiachine tool components and designation of axes

| 1 for\a~comprehensive illustration of machine components.

F the table.
ind can be
ally on the

fop bridge
horizontal

bWays.
10 and 16).

hich move

pindle can
sal spindle

rail is said
hen said to

See Figure

s +to 3 for the designation of axes
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a) Dne vertical spindle head mounted on b) Two vertical spindle heads mdunted
the cijoss-rail and one horizontal spindle head on the cross-rail

mounted on the left-hand.column

Figure 3 - Examples of machine tools with two spindle heads

6 Preliminary remarks

6.1 Medsuring units

In this dogument, all linear dimensions, deviations, errors and corresponding tolerances are [expressed
in millimetres; angular dimensions are expressed in degrees and angular errors, and the corresponding
tolerances are primarily expressed in ratios (e.g. 0,010/1 000), but in some cases microradians (urad) or
arcseconds (") are used for clarification purposes. Formula (1) should be used for the conversion of the units
of angular errors or tolerances:

0,010/1 000 = 10 prad = 2" 1)

© IS0 2024 - All rights reserved
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6.2 Reference to ISO 230-1, IS0 230-2 and ISO 230-7

To apply this document, reference shall be made to ISO 230-1, ISO 230-2 and ISO 230-7 when required,
especially for the installation of the machine before testing, the warm up of the spindle(s) and other moving
components, the measuring methods and recommended accuracies of testing equipment.

In the “Observations” box of the tests described in Clauses 7 to 13, the instructions are preceded by a
reference to the corresponding clause in ISO 230-1, ISO 230-2 or ISO 230-7 in cases where the test concerned

is in compliance with the specifications of one of those parts of the ISO 230 series.

6.3 Machine levelling

6.5 Test

The seque
In order td

6.6 Test

When test]
document
agreemen
the machi
of primary
machine. §
carried ou

contractinyg party.

6.7 Med

Measuring

uncertaint
relationsh

When a “d
displacem
linear scal

d the user.

ing sequence

nce in which the tests are presented in this document does net define the practical order
facilitate the mounting of instruments or measuring, tests may be performed in any o1

s to be performed

ing a machine, it is not always necessary nor pessible to carry out all the tests descri
If the tests are required for acceptance purpeses, it is the responsibility of the user to
with the supplier/manufacturer, those testsrelating to the components and/or the pr

r and secondary axes and associated tests. These tests shall be clearly stated when
bimple reference to this document(for the acceptance tests, without specifying the {
t, and without agreement on the‘relevant expenses, cannot be considered as bindi

suring instruments

y can be uséd, Reference shall be made to ISO 230-1:2012, Clause 5, which ind
p betweenieasurement uncertainties and the tolerances.

ial gauge” is referred to, it can mean not only dial test indicators (DTI), but any typ|
entsernsor, such as analog or digital dial gauges, linear variable differential transformg
e displacement gauges or non-contact sensors, when applicable to the test concerned.

ing to the

of testing.
der.

bed in this
choose, in
bperties of

he which are of interest. ISO 230-1:2012, Annex A provides valuable information about selection

brdering a
ests to be
hg for any

instruments indicated in the tests described in Clauses 7 to 13 are examples only. Other
instruments capable of méasuring the same quantities and having the same, or a smaller, me

hsurement
icates the

e of linear
r (LVDTs),

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 cast-iron straightedge, one arm of a square, one generating 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.

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 cylindrical square, a reference cube, or, again, a special,
dedicated artefact.

When a “precision level” is referred to, it can mean any type of level, such as bubble tube, digital and analogue
electronic levels.

© IS0 2024 - All rights reserved
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Valuable information on measuring instruments is available in ISO/TR 230-11.

6.8 Software compensation

When built-in software facilities are available for compensating geometric, positioning, contouring and
thermal deviations, their use during these tests should be based on agreement between the manufacturer/
supplier and the user, with due consideration to the machine tool intended use, e.g. if the intended use of
the machine tool is with or without software compensation for geometric errors. When the software
compensation is used, this shall be stated in the test report. It shall be noted that when software
compensation is used, some machine tool axes cannot be locked for test purposes.

Valuable information on numerical compensation of geometric errors is given in ISO/TR 16907.

6.9 Mi

imum tolerance

By mutuall agreement, the manufacturer/supplier and the user can establish the tolerance'for a

length dif
that the r¢

In specify
recommer

6.10 Pos

Positionin
document
ISO 230-2.

erent from that given in the tests described in Clauses 7 to 13. However, it-should be
commended minimum value of tolerance is 0,005 mm, unless otherwise specified.

are given only for some parameters. The presentation of the test results shall co

6.11 Diagrams

For reasorn

Where apy
represent:
YZ, ZX).

ition of a possible test setup, including the identification of the relevant coordinate pla

ing the minimum tolerance, measurement uncertainty associated “with the tes
ded instrument, shall be taken into account, see 6.7.

tioning tests

b tests for numerically controlled machine tools shall<refer to ISO 230-2. Tolerang

s of simplicity, the diagrams in Clauses 7 {0'13 and in Annex A illustrate only one type d

licable, the diagram box provides foreach test a), b) and c) identified in the object box, a

measuring
onsidered

[ and the

es in this
mply with

f machine.

schematic
he (e.g. XY,

© IS0 2024 - All rights reserved
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7 Geometric tests for axes of linear motion

Object G1
Checking of the straightness of motion of the gantry (X-axis):
a) in the vertical ZX plane, E;y;

b) in the horizontal XY plane, Eyy.
Diagram

Y — -—

T—») 4' LX

o 1] N ks

L]

i

L1
a) b)
Key
1 alignmept telescope 2 telescope target 3 microscope 4 taut wire
Tolerance For a measuring length up.to
5000 | 10000 | 15000 | 20000
Forfa) and b): 0070 | 0140 | 0210 | 0280

The local folerance for a) and b) is 0,020 for any measuring length of 1 000.

For measyring lengths over 20 000, the tolerance shall be agreed between the manufacturer/supplier and
the user.

Measurement results For a measuring length of:
a) b)

Measuring instruments
a) Straightness measurement opticalinstruments excluding microscope and taut wire.
b) Straighfness measurement optical instruments including microscope and taut wire.

Observatjons and references'to 1SO 230-1:2012, 8.2.2.1, 8.2.2.2,8.2.2.3 and 8.2.2.4
For a), tauft wire is not recommended because of the sag of the wire.

The aligninent telescopé\can be mounted on the workholding table such that the optical beam is parallel to
the X-axis|motion of thé gantry, or the lack of parallelism shall be considered in the measurementj.

If the spinflle can be Jocked, the telescope target may be mounted on it. If the spindle cannot be locKed, mount
the telescppe target on the spindle head.

For b), thg microscope shall be fixed on the spindle, if it can be locked, or on the spindle head.
When optiesHnstruments-are-usedit-shewld-be-eonsidered-that-theirmeasurement-uneertainty for long
measurement length can be higher than the measurement uncertainty of microscope and taut wire.

For a) and b), measurements shall be carried out on at least six positions along the travel, with equally spaced
steps not exceeding 500. Traverse the gantry in the X-axis direction and note the readings.

Measurements shall be with Y-axis and Z-axis at their mid travel positions, otherwise, the measurement
location shall be reported.

© IS0 2024 - All rights reserved
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Object G2
Checking of the angular errors of the gantry motion (X-axis):
a) in the vertical ZX plane (Egy: pitch);

b) in the vertical YZ plane (E,y: roll);

c) in the horizontal XY plane (Ex: yaw).

Diagram Z ~— 7
L. J
X c _:_ Y
4 L .
g ] - S '
3 2 4 6
< 11 ? Eall
[ ] = =
Key | — —
a) and c) b)
1 measuring level for pitch 3 autocollimator for yaw/pitch 5 méasuring level for roll
2 referende level for pitch 4 mirror for yaw/pitch 6teference level for roll
Tolerance For measuring length up to
5000 | 10000 | 15000 < 20000
For 4), b) and ¢) 0,060/1 000 | 0,070/1 000|0,080/1.000 | 0,100/1 000

The local folerance for a), b) and c) is 0,020/1 000 for any medsuring length of 1 000.

For measyring lengths over 20 000, the tolerance shall be‘agreed between the manufacturer/supplier and
the user.

Measurenpent results For a measuring length of:

a) b) 9

Measuring instruments

a) Precisign level or optical instruments.

b) Precisi¢n level.

c) Autocollimator or other opticalinstruments.

Observatjons and referencesto-ISO 230-1:2012, 8.4.2.1, 8.4.2.2 and 8.4.2.3
The measpiring level or the myifror shall be placed on the ram:

— for a),|Egy (pitch): intheX-axis direction;

— for b),|E,x (roll): inflthé Y-axis direction;

— for ¢) Ecx (yaw)~set autocollimator horizontally in the X-axis direction.

If the X-ayis motioh causes angular deviation of both the spindle head and table, differential meagurements
of the twd angular motions shall be taken.
For a), b) pnd c), measurements shall be carried out on at least six positions along the travel, with equally
spaced steps not exceeding 500.

For a), b) and c), the angular error to be reported is the difference between the maximum and the minimum
readings. The measurement location shall be reported.

© IS0 2024 - All rights reserved
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Object G3
Checking of the straightness of the horizontal motion of the spindle head on the cross-rail (Y-axis):

a) in the horizontal XY plane, Eyy;
b) in the vertical YZ plane, E7y.

Diagram
Y e Z

Lo = ||| v

L)
seamal
o o~
e >~
=
L1
a)
Tolerance For measuring length up to
2000 | 3000 | 4000 | 5000
For|a) and b) 0030 | 0040 | 0050 | _<6,060

The local tolerance for a) and b) is 0,015 for any measuring length©f 800.

For measyiring lengths over 5 000, the tolerance shall be agreed:between the manufacturer/supplier and
the user.

Measurement results For.ameasuring length of:
a) b)

Measuring instruments
Dial gaugg, straightedge and gauge blocks or opti¢al instruments.

Observatjons and references to ISO 230-1:2012, 8.2.2.1, 8.2.2.3, 8.2.2.4 and 8.2.2.5
Fix the m¢vable cross-rail in the mid travel and move the gantry in mid travel.

Set a strafightedge on the table, withithe reference surface approximately parallel to the Y-akis: in the
horizonta] plane for a) and in the vertical plane for b).
If the spirjdle can be locked, the dial'gauge may be mounted on it. If the spindle cannot be locked, the dial
gauge shall be mounted on thefam.
Traverse the spindle head inrthe Y-direction through the measuring length and record the readings. The
measuring length is normally the length between the two columns (not the full length of cross-rail). In other
cases, thig shall be agréed’upon between the manufacturer/supplier and the user.
Measurenpents shall be carried out on at least six positions along the travel, with equally spaced steps not
exceeding 400.

© IS0 2024 - All rights reserved
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Object G4
Checking of the angular errors of the horizontal motion of the spindle head (Y-axis):
a) in the vertical YZ plane (E,y);

b) in the vertical ZX plane (Egy, roll);

c) in the horizontal XY plane (E¢y).

Diagram
Z Z
Y<—T . L» X [
T 5 T
== Nl
3 4 | s
S : °
D N =/ & | N .
a) and c) b)
Key
1 measuring level for E,y 3 autocollimator for Ecy / Epy 5 measuring level for Egy roll
2 referende level for E,y 4 mirror for Eqcy / Epy 6 reference level for Egy, foll
Tglerance For measuring length'up to
2000 | 3000 | @000 | 5000
For 4), b) and ¢) 0,035/1 000 | 0,050/1 000 [\0,060/1 000 | 0,060/1 000

For a), b) 4nd c), the local tolerance is 0,015/1 000 for.any measuring length of 800.

For measyiring lengths over 5 000, the tolerance shall be agreed between the manufacturer/supplier and
the user.

Measurement results For a measuring length of:

a) b) S

Measuring instruments

a) Precisi¢n level or optical instryments.

b) Precisipn level.

c) Autocollimator or other optical instruments.

Observatfions and references to I1SO 230-1:2012, 8.4.2.1, 8.4.2.2 and 8.4.2.3
The level pr mirror or xetro-reflector shall be placed on the movable component:
— fora),|(E,y): the level shall be placed in the Y-axis direction;

— for b),|(Egy):.the level shall be placed in the X-axis direction;

— for ¢),|(E¢y):'set autocollimator horizontally in the Y-axis direction.
Measurentents-—shal-becarried outonatleastsixposidonsalona the bravelwith-equatlr spaced steps not
exceeding 400.

For a), b) and c), the angular error to be reported is the difference between the maximum and the minimum
readings.

© IS0 2024 - All rights reserved
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Checking of the straightness of the spindle head vertical motion (Z-axis):
a) in the vertical ZX plane, Eyx;
b) in the vertical YZ plane, Ey.

Object G5

Diagram
/2 [ N Z
=
T—> X ] 4 Y«J
I ]
) e
s
Xy ' ' | :@' =N
a) b)
Tolerance For measuring length up to
1000 | 2000 | 3000 | 4000
For|a) and b) 0015 | 0020 | 0030 |0,040

The local folerance for a) and b) is 0,010 for any measuring length ‘ef 600.

For measyiring lengths over 4 000, the tolerance shall be agreed -between the manufacturer/supplier and
the user.

Measurement results For*ameasuring length of:

a) b)

Measuring instruments

Square, stiraightedge, adjustable blocks and dial gauge or optical instruments or microscope and faut wire.
Observatjions and references to 1SO 230-1:2012, 8.2.2.1

Place gan{ry, movable cross-rail and spindle’head at mid travel.

[fused, the taut wire shall be tightened between the table and another fixed partindependent from the gantry.
For a), set|a straightedge oriented dlong the X-axis and place a square on it. Fix a dial gauge on the spindle
head. Lock cross-rail on columns, where possible. Apply the stylus of the dial gauge to the square measuring
in the X-djrection. Move the Z-axis and record the dial gauge readings.

Measurenpents shall be carried out on at least six positions along the travel, with equally spaced steps not
exceeding 300.

For b), set|a straightedgeoriented along the Y-axis and place a square on it. Apply the stylus of the fdial gauge
to the squpre measuring in the Y-direction. Move the Z-axis and record the dial gauge readings.
Measurenpents_shall be carried out on at least six positions along the travel, with equally spaced steps not
exceeding 300.

NOTE Thetestsetup depicted in diagram is also applicable to tests G9, G10 and G13. The use of the straight-

edge is optional.
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Object
Checking

G6

of the angular errors of the spindle head vertical motion (Z-axis):

a) in the vertical YZ plane, E,;
b) in the vertical ZX plane, Ep;.

Diagram

Z

v

[y
[B:_‘_:|— !
w

o

2 4 '
e T e \E [ 1

a) b)
Key
1 measuring level for E,, 3 measuring level for Eg;,
2 referende level for E,, 4 reference level for E,
Tolerance For measuring length upto

1000 | 2000 | 3930 | 4000
Forl a) and b) 0,020/1 000 | 0,030/1 000 | 0,040/1 000 | 0,050/1 000

The local folerance for a) and b) is 0,015/1 000 for any measuring length of 600.
For measyiring lengths over 4 000, the tolerance shall’be agreed between the manufacturer/supplier and
the user.
Measurement results For a measuring length of:
a) b)

Measuring instruments

Precision

level or optical instruments:

Observatjions and references to I1SO 230-1:2012

The level
— fora),
— forb),

Measurenpents shall belcarried out on at least six positions along the travel, with equally spaced

exceeding

For a) ang
readings.

br mirror or retro-refléctor shall be placed on the movable component:
(Ea7): the level shalbbe placed in the Y-axis direction;
(Egz): the level shall be placed in the X-axis direction.

300.
b), thesangular error to be reported is the difference between the maximum and the

steps not

minimum
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Object G7

Checking of the angular error of the spindle head vertical motion (Z-axis) in the horizontal XY plane,
E¢z (roll).

Diagram
Y Z
T-’ X — L» X
—— . l 0
, :
Lol
%@E : el ——— 2 :]]
= s
| |
L1
Key
1 square 2 special arm d travelled distance alohg Y-axis
Tolerance For measuring length up to
1000 | 2000 | 3000 |.~<4000

0,020/1 000 0,030/1 000 |0,040/1 000%0,050/1 000

The local folerance is 0,015/1 000 for any measuring length of600.

For measyring lengths over 4 000, the tolerance shall be agre€d between the manufacturer/suppljer and the
user.

Measurement results For a measuring length of:

Measuring instruments
Square, dipl gauge mounted on special arm.er:taut wire and microscope or sweeping laser.

Observatjons and references to 1SO 230-1:2012, 8.4.2.4
Measure the Ey, straightness deviatien of the Z-axis by an instrument mounted on a special afm with a
horizonta] offset d/2 from the spindle axis, alternatively: by a dial gauge against a square set up as in G5 a)
and in G9 ), as depicted in diagram;by a microscope targeting a vertical taut wire or by a target of 4§ sweeping
laser generating an optical YZ plane. Note the readings and the relevant measuring positions on the spindle
head trav¢l (Z-axis).
Position of turn the special arm (carrying the instrument) to the opposite side of the spindle headland move
the Y-axis|of d in orderto repeat the same readings against the same reference; the possible roll of{the Y-axis
motion shpll be measured and taken into account.

When using a sweeping laser, no Y-axis movement is required.
The instrymeént'shall be reset, the new measurements shall be taken at the same heights of the preyious ones
and the refsults shall be noted.
Measurements shall be carried out on at least six positions along the travel, with equally spaced steps not
exceeding 300.

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, d, for obtaining the an-
gular deviation.

NOTE This setup is also applicable for test G12.
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Object G8

Checking of the squareness of the spindle head horizontal motion on cross-rail (Y-axis) to the gantry motion

Diagram
1
Y
L
foN T T
— [ T
i
L1
Tolerance
0,040/1 0pO
Measurement results
Measuring instruments

Square anld dial gauge or optical instruments.
Observatjons and references to ISO 230-1:2012, 10.3.2:2
Place the gantry in mid travel.

Fix the digl gauge on the spindle head.

Set a squdre on the table and align one side parallel to the gantry motion (X-axis), or the lack of pprallelism
shall be c¢nsidered in the measurement.

Place the dial gauge stylus against the other’arm of the square measuring in the X-direction. Pgsition the
Y-axis cloge to one end of the square surface'and zero the dial gauge.

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

The squareness error, E¢(gx)y, to bereported is the ratio between the reading and the travelled distance
along the [f-axis.

For large machines, the measuiement should be repeated at the two extreme gantry positions.

© IS0 2024 - All rights reserved
15


https://standardsiso.com/api/?name=4ee3bfe17b9cc63abd7347b72ded139c

ISO 8636-2:2024(en)

Object

G9

Checking of the squareness of the spindle head vertical motion (Z-axis) to:
a) the X-axis motion, Eg(xyz;
b) the Y-axis motion, Ej gy

This test i

s also applicable to additional vertical spindle heads on the cross-rail.

Diagram

a)
Key
a;, a, b;andb, measurement positions
Tolerance
For a) and b): 0,050/1 000
Measurement results
a) b)
Measuring instruments
Square, stiraightedge, adjustable blocks and dial gauge or optical instruments.
Observatjons and references to ISO 230-1:2012, 10.3.2.2
Place ganfry, movable cross-rail and spindlé.head at mid travel.
For a), setfa straightedge parallel to the X-axis motion using adjustable blocks or the lack of parallglism shall
be considg¢red in the measurement and then place a square on it. Fix a dial gauge on the spindle jead. Lock
movable dross-rail on columns, whére possible.
Apply the|stylus of the dial gauge te’'the square in position a;, measuring in the X-direction and zefo the dial
gauge. Mave the Z-axis to positioh a, and record the dial gauge reading. The squareness error, Ej ()7, to be
reported s the ratio betweenthe reading in a, and the travelled distance along the Z-axis.
For b), sef the straightefge parallel to the Y-axis motion using adjustable blocks or the lack of pprallelism
shall be c¢nsidered in‘thie measurement and then place the square on it.
Apply the[stylus ofthe dial gauge to the square in position b;, measuring in the Y-direction and zefo the dial
gauge. Mave the Z=axis to position b, and record the dial gauge reading. The squareness error, Ejy)z, to be
reported is the fatio between the reading in b, and the travelled distance along the Z-axis.
For large achines, checking of the squareness error of Z- to X-axis, Ep(qyy7, should be repeated at the two

extreme gantry positions.
NOTE This test setup is also applicable to tests G5, G10 and G13. The use of the straightedge is optional.
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Object G10
Checking of the straightness of the movable cross-rail in its W-axis motion:

a) in the vertical ZX plane, Exy;

b) in the vertical YZ plane, Eyyy.

This test is not applicable to cross-rails that are only movable when being positioned in fixed steps.

Diagram
Z(W)

Z(W)

Ho=
[T T1
i

~

>
=
-

¥

= =R

Tolerance For measuring length up to
2000 | 3000 | 4000 | <5000
For|a) and b) 0020 | 0030 | 0040 /0,050

The local tolerance for a) and b) is 0,015 for any measuring lengthof 1 000.

For measyiring lengths over 5 000, the tolerance shall be agreed between the manufacturer/supplier and
the user.

Measurement results For a measuring length of:
a) b)

Measuring instruments
Square, stiraightedge, adjustable blocks and dial'gauge or optical instruments or microscope and faut wire.
Observatjions and references to 1SO 230-1:2012, 8.2.2.1
Place gantry and spindle head at mid travel.

If used, the taut wire shall be tightened between the table and another fixed part independent from the gantry.
For a), set h straightedge oriented along the X-axis and place a square on it. Fix a dial gauge on the spindle head.
Apply the[stylus of the dial gatige to the square measuring in the X-direction. Move the W-axis aIIrlld record
the dial gquge readings.
Measurenpents shall be €arried out on at least six positions along the travel, with equally spaced steps not
exceeding 500.

For b), set|a straighitedge oriented along the Y-axis and place a square on it.

Apply the[stylus'of the dial gauge to the square measuring in the Y-direction. Move the W-axis
the dial gqugé.readings.

Measuren] .
exceeding 500.

NOTE The setup depicted in diagram is also applicable to tests G5, G9 and G13. The use of the straightedge
is optional.

and record

ed steps not
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Object G11
Checking of the angular errors of the movable cross-rail in its W-axis motion:

a) in the vertical YZ plane, Ey;

b) in the vertical ZX plane, Egy.

Diagram

Z(W) Z(W)

1T i
————| puiza

2 4\
H%_‘H —1 [ 1

U=

a) b)
Key
1 measuring level for E 3 measuring level for Egyy
2 referende level for E 4 reference level for Epyy
Tolerance For measuring length upto
2000 | 3000 | 4000 | 5000
For|a) and b) 0,030/1 000 | 0,040/1 000 | 0,060/1 000 | 0,060/1 000

The local folerance for a) and b) is 0,015/1 000 for any measuring length of 1 000.

For meas{iring lengths over 5 000, the tolerance shallbe agreed between the manufacturer/supplier and
the user.

Measurement results For a measuring length of:
a) b)

Measuring instruments
Precision level or optical instruments:

Observatfions and references to’1S0 230-1:2012, 8.4.2.1, 8.4.2.2 and 8.4.2.3

For a) and b), place the level at(the mid travel of the cross-rail or, in case of machines with only one vertical
spindle hgad, place the levelof the spindle head.

Place vertfical spindle heads.symmetrically relative to the table.

For machines with only‘ehe vertical spindle head, it shall be placed in a central position.
Lock the dross-railat'each position, where possible.

Measurenpents_shall be carried out on at least six positions along the travel, with equally spaced steps not
exceeding 5048, If the cross-rail is only movable when being positioned in fixed steps, measurementg positions
shall be s¢lected accordingly.
For a) and b), the angular error to be reported is the difference between the maximum and the minimum
readings.
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Object

G12

Checking of the angular error of the movable cross-rail in its W-axis motion in the horizontal XY plane, Ey.

Diagram

Y

\_,x -~ i Z(W)

v

H

N 30N
4™

N
-

—J L3
Key
1 square 2 special arm(s) d travelled distance along the X-axis
Tolerance For measuring length up to

2000 | 3000 | 4000 < 5000

0,030/1 000 |0,040/1 000 | 0,050/1.060 | 0,060/1 000

Local tolefance: 0,015/1 000 for any measuring length of 1 009

For measyiring lengths over 5 000, the tolerance shall be.agreed between the manufacturer/supplier and
the user.
Measurement results For a measuring length of:

Measuring instruments

Square, djal gauge mounted on two specialiarms with different length, or taut wire and micr
sweeping|laser.

pscope, or

Observatjons and references to 1S0:230-1:2012, 8.4.2.4

Set a squafre oriented to measure in'the Y-direction.

Mount a dfial gauge on the special arm with the long length; take readings at different W-axis pos
record th¢m.

Measurenpents shall be carried out on atleast six positions along the W-axis travel, with equally sp
not exceefling 500. If the.cross-rail is only movable when being positioned in fixed steps, meas

positions
Mount th
Move the

chall be selected accordingly.
¢ dial gauge on the special arm with the short length.
bantry to bring the dial gauge to contact the square at the same point(s) where the prev|

ings were|taken and repeat the measurements at the same W-axis positions.

itions and

hced steps
urements

ious read-

The W-ax

- + 1 + h B | : l-cc : +1 11 1 : + :
S 1011, Ecw, LO DCTCPUILCU 15 UIC IIdATITTUIIT UITICT CIICT I LHE Uldl 5dUgt TCAUlIlgS 1T WO dlfferent

X-axis positions. at each measured W-axis position, divided by the distance, d, travelled along the X-axis.
The X-axis roll, E,y, shall be measured and accounted for.
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Object

G13

Checking of the parallelism of the movable cross-rail vertical motion (W-axis) to the Z-axis motion:

a) in the vertical ZX plane, Eg(oz)w;
b) in the vertical YZ plane E o7 w-

Diagram

Z(W) —

Lo

Y

Z(W)

(L
T T

T
|
)

I 1 g5

a) b)

Tolerance
For a) and b): 0,030/1 000

Measurement results
a) b)

Measuring instruments
Square, stiraightedge on adjustable blocks and dial gauge.

Observatfions and references to 1SO 230-1:2012, 10.1.2.2
This test @ises the same test setup as G5, G9 and G10.

For a), exgcute the straightness measurement Eyzdescribed in G5 a) and record the computed slope then,
without altering the square alignment, execute the straightness measurement Ey,y described in :10 a) and

record th¢ computed slope.

The parallelism error, Eggz)y, to be reported, is the difference of the slopes obtained in {35 a) and

in G10 a).

For b), exg¢cute the straightness measurement Ey, described in G5 b) and record the computed slope then,
without altering the square aligninent, execute the straightness measurement Ey; described in (:10 b) and

record th¢ computed slope.

The parallelism error, Exgyw, to be reported, is the difference of the slopes obtained in 5 b) and

in G10 b).

© IS0 2024 - All rights reserved
20



https://standardsiso.com/api/?name=4ee3bfe17b9cc63abd7347b72ded139c

ISO 8636-2:2024(en)

8 Geometric tests for the table

Object G14
Checking of the parallelism of the table surface to the motion of the gantry (X-axis).
Diagram
Z
I—» X L 1
T L I
| L
Ik
! ! | !
3\ 'é\ A\
\ s \ \.
£ 2 I 9
a) b)
Key
1 gaulge block
Tolerance For the lengths of the longest side of{£he’table up to
5000 | 10000 | 15000 | 20000
Paralle]ism tolerance 0100 | 0200 | 0300 | 0400
For table |lengths over 20 000, the tolerance shall be agreed upon between the manufacturer/supplier and
the user.
The abovq tolerances are specified assuming that finish-machining of the table is not carried out ir} situ after
assembly.|If the table is finished in situ, the tolerfances shall be agreed upon between the manyfacturer/
supplier ajnd the user.
Measurement results For a measurement distance of: Over a table length qf:

Measuring instruments
Dial gaug¢ and gauge block.

Observatjons and references-to ISO 230-1:2012,12.3.2.5.2

Attachad

touching the table surfa€e)directly or touching a gauge block located on the table surface.
The spindlle head is at.thid travel.

Move the

bantry ifkthe X-direction and record the dial gauge readings.

Measurenpentsishall be carried out at a number of positions equally spaced at steps not exceedi
the longedt side'of the table [see diagram a)].

Repeat the

ial gauge to the tool-holding spindle or to the head near the spindle. The dial gauge stylyis shall be

hg 1/10 of

b et in-fwe nf-lmrm V Pas-vesiHeRs afthacnindlabhoaad commantisal +0 +h o BraeH
5t 16

sition and

T T A 2T SO S Ot C— o pPTIrarCTICo s oy TIirctr oo to—c

record the maximum difference of the readings in the same way [see diagram b)].
The parallelism error to be reported is the largest of the maximum differences recorded at each Y-axis position.
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Object G15
Checking of the parallelism of the table surface to the motion of the spindle head (Y-axis).
Diagram
Z 7  E—
AT L.
: - . !
|
| — ! 1 : tﬂ
: = i |
|7259) [ 1 7555
a) b)
Key
1 gaulge block
Tolerance For the lengths of the shortest side of the table up to
3000 | 4000 | 5000 ¢ 6000
Paralle]ism tolerance 0030 | 0050 | 0070 | 0,090
For the tdble with shortest side lengths over 6 000, the tolerance shall be agreed upon between the
manufactfirer/supplier and the user.
The abovq tolerances are specified assuming that finish-mac€hining of the table is not carried out ir} situ after

assembly.|If the table is finished in situ, the tolerances-shall be agreed upon between the manyfacturer/
supplier and the user.
Measurement results For a measurerhent distance of: Over a table width|of:

Measuring instruments
Dial gaug¢ and gauge block.

Observatjons and references to1S0 230-1:2012, 12.3.2.5.2

ial gauge to the tool-helding spindle or to the head near the spindle. The dial gauge stylyis shall be
touching the table surface directly or touching a gauge block located on the table surface.

The gantrjy is at mid travel.

Attachad

Move the
Measure

shortest sfde of the.table [see diagram a)].

Repeat th
in the sa

The paral

tpindle head/inthe Y-direction and record the dial gauge readings.
ents shall Be-carried out at a number of positions equally spaced at steps not exceeding

testin-the two extreme positions of the gantry and record the maximum differences of t}
e‘way [see diagram b)].

1/5 of the

e reading

the gantry.

osition of
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Object G16
Checking of the parallelism of the median or reference T-slot (where present) to the motion of the gantry
(X-axis).
Diagram
Z
vl
i . 1
=
=l 5 =l
Key
1 crogs-square
Tolerance For length of the longest side of the table aip to
5000 | 10000 | 15000 |~20000
Parallelism tolerance 0150 | 0200 | 0250 . 0,300
For table lengths over 20 000, the tolerance shall be agreed upen between the manufacturer/supplier and
the user.
Measurement results For a measurement distance of: Over a table length of:
Measuring instruments
Dial gaugé¢ and cross-square.
Observatfions and references to I1SO 230-1:2012, 12.3.2.5.2
Attach a dial gauge to the tool-holding spindle or to the head near the spindle.
Place the gauge stylus in contact witlithe measuring face of the reference T-slot or use a cross-square.
Move the gantry and record the dialgauge readings.
Measurenpents shall be carriedout at a number of positions equally spaced at steps not exceedihg 1/10 of
the longeqt side of the table.
Traverse the X-axis from.erne measurement position to the following one without contact between|the stylus
and the reference surfagevAt each measurement position either move down the Z-axis to bring the dial gauge
into contdct with thelreference surface or insert the cross-square between the stylus and the table surface.
The parallelism gerror to be reported is the difference between the maximum and the minimum readings.
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9 Geometric tests for the rotary table

rotary taljle centre-bote was machined in situ.
See also t¢st ARZ-in"Annex A.

Object G17
Checking of:
a) the face run-out of the rotary table;
b) the run-out of the rotary table centre bore, if it is used for centring purposes.
Diagram
Z
c = ¢
= ol
— — |
. ! :
1. =
a) b)
Tolerance
D <3000 3000<D <5000 D>5000
For a) 0,030 0,050 0,080
For b) 0,015 0,020 0,025
where D i$ the rotary table diameter.
Measurement results
a) b)
Measuring instruments
Dial gaugg.
Observatjions and references to ISO 230-1:2012, 12.5.2 and 12.5.3
Movable dross-rail and railhead locked'in position, if possible.
For a), the dial gauge shall be mountéd on the vertical spindle head or on the spindle, if it can be lacked, and
its stylus ghall contact the periphery of the upper surface of the rotary table.
If the tabl¢ surface was machined in situ, the stylus shall contact the surface approximately at 180 from the
relative pgsition of the teelused for the machining.
For b), thd dial gauge stylus shall be placed approximately 180° from the position occupied by the|tool if the

© IS0 2024 - All rights reserved

24



https://standardsiso.com/api/?name=4ee3bfe17b9cc63abd7347b72ded139c

ISO 8636-2:2024(en)

Object G18
Checking of the parallelism of the Z-axis motion to the rotary table axis of rotation:
a) in the ZX plane, Eg ¢z
b) in the YZ plane, Epcyz-
Diagram
z = e Z
=
L = v
] ] %_] , - !
|4L o] I ey
- FQ) I ] - q -
| < >c 5 < >C
a) b) Alternative
Tolerance
For a) and b): 0,040/1 000
Measurement results
a) b)
Measuring instruments
Cylindricql square with flange base and dial gauge or optical instruments or, for the alternative m¢thod, test
sphere and dial gauge.
Observatfions and references to I1SO 230-1:2012, 3.6.4; 10.1.4, 10.1.4.3, or 10.1.4.4 as an alternative
If the spirjdle can be locked, the dial gauge may be mounted on it. If the spindle cannot be lockef, the dial
gauge shall be mounted on the spindle head.
For a), X-alxis to be locked, if possible.
For b), Y-alxis to be locked, if possible.
Place a cyflindrical square with a flange.base on the table, centre it approximately on the axis qf rotation
and fix th¢ dial gauge with the stylus oriented in the X-axis direction for a) and in the Y-axis direction for b).
Step 1) Topuch the cylinder square by the stylus, close to the cylinder bottom and find the maximumn reading
by making small movements along-the Y-axis for a) and along X-axis for b). Zero the dial gauge.
Step 2) Mdve the head away freom-the table along the Z-axis, and touch again the cylinder close to its top. Note the
Z-axis trayel length. Find the Witaximum reading by making small movements along the Y-axis for a)Jand along
the X-axis|for b) and not€ the new reading.
Turn the table by 180%%@nd repeat steps 1) and 2).
For both measurerients a) and b), the parallelism error to be reported is the average value (half the algebraic
sum) of the two.readings near the top of the cylinder, divided by the length travelled along the Z-axis.
Alternative method A test sphere shall be mounted on the spmdle head of the machme and the Hial gauge
shall be e dge line by

moving X- and Y-axes whlle rotatmg the C’-axis. The Z-axis shall then be moved to another locatlon The dial
gauge is re-positioned to read against the test sphere at this new location. The error in the centre position
shall be recorded as half the difference of the readings of the dial gauge at opposite points on the sphere.
This alternative method can be used when it is possible to touch a complete horizontal circumference of the

sphere (e.g. the sphere equator).
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10 Geometric tests for the vertical spindle head

reading.
Repeat the same.operation at position b) at a distance of 250 mm from position a).
See also t¢st ARTin Annex A.

Object G19
Checking of the run-out of internal taper of the tool-holding spindle:
a) close to the spindle nose;
b) at a distance of 250 mm from position a).
Carry out these tests for each tool-holding spindle of the machine.
Diagram
L
Loy
1
Key
a) and b) | measurement positions
Tolerance
D<125 125 < DX 200 D> 200
For a) 0,010 0,015 0,020
For b) 0,020 0,025 0,030
where D i$ the diameter of the spindle-nose face (see G20 diagram).
Measurement results
a) b)
Measuring instruments
Dial gaug¢ and test mandrel.
Observatfions and references to I1SO 230-1:2012, 12.5.2
Attach a dial gauge to a fixed part of the machine and insert the test mandrel in the spindle.
For a), plaice the dial gange stylus as close as possible to the spindle nose, rotate the spindle and fecord the
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Object

Checking of the tool-holding spindle for:
a) run-out of external surface, where accessible;
b) face run-out;

c) axial error motion, EZ(C).
Carry out these tests for each vertical and horizontal tool-holding spindles of the machine.

G20

Diagram ?D
e
R
o
N \4‘ iBM
b) T b)
P
Key 1TD
N, M asurement positions
F ?Ice
D diameter of the spindle nose face
Tolerance
D <125 125 <D <200 D> 200
For a) and c) 0,010 0,015 0,020
For b) 0,020 0,025 0,030
where D i$ the diameter of the spindle-nose face.

a)

Measurement results

b)

Measuring instruments
For a) and b): dial gauge.
For c): diall gauge with flat ended stilus and test sphere.

For a), pla
and recor

the tool-h

For ¢), ins
Position t

Observat
Attach ad

For b), pla

dial gauge

l the reading:

ions and reference te.ISO 230-1:2012, 12.5 [for a) and b)] and to ISO 230-7:2015, 5.4.4 [for )]
ial gauge supportdnda dial gauge to the table.
Ce the dial gauge‘stylus to contact the cylindrical external surface of the spindle, rotate t

he spindle

ce the dial gauige stylus as close as possible to the outside edge of the flat face at position M, rotate
plding spindle and record the reading. Repeat the same operation at position N after njoving the
. Determine the average value.

brt.a'steel ball in the spindle centre.

e tHat gauge stytustocomntact thesteetbath Totate thespimdteandrecord-the Teading:
The value and the direction of the force to be applied shall be specified by the manufacturer/supplier. When
axially preloaded bearings are used, there is no need to apply the force, F.
See also test AR1 in Annex A.
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Object G21
Checking of the squareness of the vertical tool-holding spindle axis of rotation, (C) to:

a) the X-axis motion, Egoxy(cy;

b) the Y-axis motion, Ejgyy(c)-

This test is also applicable to additional vertical spindle heads on the gantry.

Diagram
Z Z
T—» X - 1] Yo—T
I L I l ]
| I
2] =
=
&R
Tolerance
For a) andb): 0,040/1 000 (0,020/500?)
a Distance between the two measuring points touched.

Measurement results
a) b)

Measuring instruments
Dial gaug¢ mounted on special arm and straightedge orsurface plate.

Observatjons and references to ISO 230-1:2012, 10:3.3
Movable dross-rail at mid travel and locked, vertical spindle head at mid travel and locked, wher¢ possible.
Quill or rgm at 1/3 travel range from the upperiend of travel.
For a), plafe a straightedge at the centre of the:table parallel to the X-axis motion of the gantry in the vertical
plane or the lack of parallelism shall be considered in the measurement. Attach the special arm with|dial gauge
to the too]-holding spindle and adjust the‘stylus of the dial gauge to touch the straightedge, and record the
reading. Then rotate the spindle by(180° and record the new reading. The squareness error, Eggk)c) to be
reported is the difference between the two readings over the distance between the two measuremé¢nt points.
ace a straightedge at.the centre of the table parallel to the Y-axis in the vertical plane or the lack of
shall be consideréd in the measurement. Attach the special arm with dial gauge to theftool-hold-
ing spindle and adjust the stylus of the dial gauge to touch the straightedge, and record the reading. Then
rotate thefspindle by 180%and record the new reading. The squareness error, E, gyy(c), to be repofted is the
differencqd between-thetwo readings over the distance between the two measurement points.

Mount th¢ dial gauge on special arm and touch a gauge block placed on a specific point of the table. Set the
dial gaugg to-zero and mark the point. Rotate the arm by 180° and move the X-axis for a) and the| Y-axis for
b) to touchthe Tmarked poimtand Tead the dial gauge. T e aifference between the two readings divided by
the distance of the movement of the axis is the error to be reported.
The error motions of moving axis E;y and Egy for a) and E,y and E y for b), influence the test results.
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11 Geometric tests for the horizontal spindle head (side spindle head)

Object G22
Checking of the squareness of the vertical motion of the side spindle head (R-axis) on a column to:

a) the X-axis motion, Eggxy;

b) the Y-axis motion, Epgyjg-

Diagram
Z(R) Z(R)

L] !

2 ikt | L] Jpori e
a O I I| by
L |-
L-__II_I I 1 L-——-—ul
a) b)

Key
ay, ay, by and b, measurement positions
Tolerance

For a) and b): 0,050/1 000

Measurement results

a) b)

Measuring instruments
Cylindricql square, surface plate, adjustable’blocks and dial gauge or optical instruments.

Observatfions and references to 1S0-230-1:2012, 10.3.2.2
Place movable cross-rail and vertjeal. $pindle head at mid travel.
Fix the digl gauge to the side spindle head. If the spindle can be locked, the dial gauge may be moujnted on it.
If the spindle cannot be locked, the dial gauge shall be placed on a fixed part of the side spindle he¢ad.

Place a cyflindrical squaref-or a regular square, on a surface plate oriented parallel to the refergnce plane
defined by the X-axis motion of the gantry and the Y-axis motion of the vertical spindle head, or the lack of
parallelisin shall be eeiisidered in the measurement; then orient the dial gauge stylus in the X-axig direction
to touch af point afon the cylindrical square and zero the dial gauge. Move side spindle head to pginta, and
record th¢ dial gauge reading.

Rotate th¢ cylindrical square by 180° and repeat the checking in the same order.
Then carme hecking in the Y-axis direction at poin h. and b, for the determinati quareness
error, Exoy)g-

The squareness errors, Egoxjg and Ey gyg, to be reported are the average values of the recorded dial gauge
readings divided by the distance between points a; and a, for a) and between points b; and b, for b).

© IS0 2024 - All rights reserved
29



https://standardsiso.com/api/?name=4ee3bfe17b9cc63abd7347b72ded139c

ISO 8636-2:2024(en)

Object

Checking of the parallelism of the horizontal spindle head spindle axis, (B), to the Y-axis motion:

a) in the vertical YZ plane, Ep(oy)p);
b) in the horizontal XY plane, EC(OY)(B).

Applicable only for the spindle head with a horizontal spindle axis. This test does not apply to removable

G23

spindle heads.
Diagram
/\i\/
a)
Tolerance
For a) and b): 0,060/1 000 (0,015/250)

Measurement results

a)

b)

Measuring instruments
rel and dial gauge or optical instruments.

Test mand

Observatjions and references to I1SO 230-1:2012, 10:1.4

Attach thgd

nose.

Horizontdl spindle head is locked in low-po6sition. Movable cross-rail is locked in mid travel, wher
Move the yertical spindle head (Y-axis).for the measuring length and record the readings.

Record the maximum difference of dial gauge readings, then rotate the spindle axis, (B), by 180° g
again the maximum difference of dial'gauge readings. The measurement results to be reported ar
ages of th¢ maximum readingsTecorded with spindle axis, (B), at 0° and at 180° respectively.

dial gauge to the vertical spindle head and*adjust its stylus to touch the test mandrel m
the horizdntal tool-holding spindle, for a) vertically’and for b) horizontally, as near as possible to t

ounted on
he spindle

e possible.

nd record
b the aver-

© IS0 2024 - All rights reserved
30


https://standardsiso.com/api/?name=4ee3bfe17b9cc63abd7347b72ded139c

ISO 8636-2:2024(en)

Object G24
Checking of the squareness of the axis of rotation of the horizontal tool-holding spindle, (B), to the motion
of the gantry (X-axis), E¢(ox)(p)-

Applicable only for the spindle head with a horizontal spindle axis. This test does not apply to removable
spindle heads.

Diagram

— =<

i on
[T

© 0 0 O

L1
Tolerance
0,060/1 0p0 (0,030/500?)
a Diktance between the two measuring points touched.

Measureqnent results

Measuring instruments
Straightedige, dial gauge mounted on special arm.

Observatjions and references to ISO 230-1:2012, 10.3:3
Place a stfaightedge at the centre of the table paralletto the X-axis motion of the column in the horizontal
plane or the lack of parallelism shall be consideredin the measurement.
The colunpn is locked at mid travel, where possible.

Horizontdl spindle head at low-position and locked, where possible. Quill or ram at 1/3 travel from the hori-
zontal spipdle head.
Attach the special arm with dial gauge:to the horizontal tool-holding spindle and adjust the stylus|of the dial
gauge to tpuch the straightedge and.record the reading. Then rotate the spindle by 180° and recoid the new
reading.
The squareness error, E¢gx;(@yp t0 be reported is the ratio of the difference between the two readlings over
the distarnce between the two measurement points.
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Object P1
Checking of the accuracy and repeatability of the X-axis motion of the gantry, Eyy.
Diagram
-
Z
L
1 2 3 :]]
-
17 D>
f [ 1
Key
1 laser hepd 2 interferometer 3 retro-reflector
Tolerance Measured length mlf/(l;:;\:;lt
For axes yp to 2 000 <500 <1000 | <2000 results
Bi-directipnal positioning accuracy of X-axis? Exa 0,020 0,025 0,032
Unidirect{onal positioning repeatability of X-axis2 EEXX'RT; 0,008 0,010 0,013
XX,RL
Bi-directipnal positioning repeatability of X-axis Exxr 0,011 0,014 0,017
Mean revgrsal value of X-axis Eyxs 0,010 0,013 0,016
Esgdlrectl bnal systematic positioning error of X-ax- EXX,E 0,016 0,020 0,025
Mean bi-dfirectional positioning errorof X-axis? ExxMm 0,010 0,013 0,016
For axes gxceeding 2 000
Bi-directipnal systematic positiening error of X-ax- E 0,025 + 0,005 for each
isa XX,E additional 1 000
o . N . . 0,016 + 0,003 for each
Mean bi-djirectional pésitioning error of X-axis? Exxm additional 1 000

a Pdssible basis for machine acceptance.

Measuring instruments

Laser medsuping equipment or linear scale.
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Observations and references to ISO 230-1:2012, 3.4.3; ISO 230-2:2014, Clause 3, 5.3.2 and 5.3.3
Relative measurement between the tool position and workpiece position is desired. When a linear scale is
used, it shall be set on the table parallel to the X-axis, the scale reader being on the tool position. When laser
equipment is used, the reflector should be set on the vertical spindle head and the interferometer on the table.
For axes exceeding 2 000, measure one or more segments of 2 000 with five runs forward and backward
each. Tolerances for axis lengths <2 000 shall be applied.

For axes up to 4 000, one measurement over one 2 000 segment is recommended; for axes over 4 000 and up
to 8 000, two 2 000 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 hetween _and at the end of the test segments
Other nurhber of 2 000 mm segments, other lengths of segments, as well as the positions of the|segments
within the working area, can be subject to agreement between the manufacturer/supplierand the user.
Additionally, one test over the total travel of the axis (once forward and once backward) shall be performed.
Concernirfg the test conditions, test program and presentation of results, ISO 230-2:2014,Clauses|3, 4 and 7
and 8.2.4 phall be referred to. The starting point of measurement shall be stated.
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Object P2

Checking of the accuracy and repeatability of the Y-axis motion of the vertical spindle head saddle, Eyy.

Diagram
Z
2 Y <—T
+—>
I I I I 1
T
1]
=R 2 =R
Key
1 laser hepd 2 interferometer 3 retro-reflector
Tolerance Measuredlength Meagqurement
For axes yp to 2 000 <500, | ©1 000 | <2000 |  r¢sults
Bi-directipnal positioning accuracy of Y-axis? Eyya | 0,020y 0,025 | 0,032
Unidirectonal positioning repeatability of Y-axis2 gYY'RT; 0,008 | 0,010 | 0,013
YY,RL
Bi-directipnal positioning repeatability of Y-axis Evy”| 0,011 0,014 | 0,017
Mean revgrsal value of Y-axis Eyyg | 0,010 0,013 0,016
Bi-directipnal systematic positioning error of Y-axisi\[ Eyyg | 0,016 | 0,020 | 0,025
Mean bi-djirectional positioning error of Y-axis? Eyym | 0,010 | 0,013 | 0,016

For axes gxceeding 2 000

0,025 + 0,005 for each

Bi-directipnal systematic positioning errorof Y-axis? | Eyyg additional 1 000

0,016 + 0,003 for each
additional 1 000

Mean bi-dfirectional positioning error of Y-axis? Eyym

a Pdssible basis for maghine acceptance.

Measuring instruments
Laser medsuring equipment or linear scale.

Observatjions and.references to ISO 230-1:2012, 3.4.3; ISO 230-2:2014, Clause 3, 5.3.2 and 5.3.3
Relative mheasurement between the tool position and workpiece position is desired. When a linepr scale is
used, it shiall be\set on the table parallel to the Y-axis, the scale reader being on the tool position. When laser
equipment is used the reflector should be set on the vertical splndle head and the interferometer on the table.
For axes €% TeT T rwar backward
each. Tolerances for axis lengths <2 000 shall be applled

For axes up to 4 000, one measurement over one 2 000 segment is recommended; for axes over 4 000 and up
to 8 000, two 2 000 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.

Other number of 2 000 mm segments, other lengths of segments, as well as the positions of the segments
within the working area can be subject to agreement between the manufacturer/supplier and the user.
Additionally, one test over the total travel of the axis (once forward and once backward) shall be performed.
Concerning the test conditions, test program and presentation of results, ISO 230-2:2014, Clauses 3,4 and 7
and 8.2.4 shall be referred to. The starting point of measurement shall be stated.
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Object P3
Checking of the accuracy and repeatability of the Z-axis motion of the vertical spindle head ram or quill, E.
Diagram
Z

! Y <—T

E

|

A 2 1

=3 *
| | (| I 1
=N =N
Key
1 laser hepd 2 interferometer 3 retro-reflector
Tolerance Measuredlength Meagqurement
For axes yp to 2 000 <500, | <1 000 | <2000 re¢sults
Bi-directipnal positioning accuracy of Z-axis? Ezz A | 0,020y 0,025 | 0,032
Unidirect]onal positioning repeatability of Z-axis? gZZ:RT; 0,008 | 0,010 | 0,013
ZZR!

Bi-directipnal positioning repeatability of Z-axis Ezr¢”| 0,011 | 0,014 | 0,017
Mean revérsal value of Z-axis E;z5 | 0,010 0,013 0,016

Bi-directipnal systematic positioning error of Z-axisd E;ze | 0,016 0,020 0,025

Mean bi-dfirectional positioning error of Z-axis? Ezzv | 0,010 0,013 0,016

For axes gxceeding 2 000

0,025 + 0,005 for each

Bi-directipnal systematic positioning errorof Z-axis? | Ez; g additional 1 000
Mean bi-djirectional positioning erro¥ of Z-axis? Ezzm 0’0:§d+it(i)(')(r)121f 1f00roeoach

a Pgssible basis for maghine acceptance.

Measuring instruments
Laser medsuring equipment or linear scale.
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Observations and references to ISO 230-1:2012, 3.4.3 and ISO 230-2:2014, Clause 3, 5.3.2 and 5.3.3

Relative measurement between the tool position and workpiece position is desired. When a line

ar scale is

used, it shall be set on the table parallel to the Z-axis, the scale reader being on the tool position. When laser
equipment is used, the reflector should be set on the vertical spindle head and the interferometer on the table.

For axes exceeding 2 000, measure one or more segments of 2 000 with five runs forward and
each. Tolerances for axis lengths <2 000 shall be applied.

backward

For axes up to 4 000, one measurement over one 2 000 segment is recommended; for axes over 4 000 and up

to 8 000, two 2 000 segments are recommended, and so forth.

Test segments shall be equally spaced along the full axis length, with any excess length equally
the beginning, in hetween, and at the end of the test segments

divided at

Other nuribers of 2000 mm segments, lengths of segments and positions of the segments withjn t}Je working

area can e subject to agreement between the manufacturer/supplier and the user. Additiondll
over the tptal travel of the axis (once forward and once backward) shall be performed.
Concernirlg the test conditions, test program and presentation of results, ISO 230-2:2014,"Clauses
and 8.2.4 phall be referred to. The starting point of measurement shall be stated.

, one test

3,4and 7
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Object P4
Checking of the accuracy and repeatability of the vertical R-axis motion of the horizontal spindle head, Ep.
Diagram
Z(R)
[ 1] [ ]
Y
3
f P/ 2 1
L — /“ T
=] =
Key
1 laser hepd 2 interferometer 3 retro-reflector
Tolerance Measured length Meagurement
For axes yp to 2 000 <500, | <1 000 | <2000 results
Bi-directipnal positioning accuracy of R-axis? Ezra | 0,020)7] 0,025 | 0,032
Unidirectjonal positioning repeatability of R-axis? %ZR’RT; 0,008 | 0,010 | 0,013
ZR,RL
Bi-directipnal positioning repeatability of R-axis Excx’| 0,011 | 0,014 | 0,017
Mean revgrsal value of R-axis £7rE | 0,010 0,013 0,016
Bi-directipnal systematic positioning error of R-axisd™ Ezpg | 0,016 | 0,020 | 0,025
Mean bi-djirectional positioning error of R-axis @ Ezrm | 0,010 | 0,013 | 0,016
For axes gxceeding 2 000
o . . N . 0,025 + 0,005 for each
Bi-directipnal systematic positioning errorof R-axis? | Ezp g additional 1 000
. . e . 0,016 + 0,003 for each
Mean bi-djirectional positioning error of R-axis 2 Ezr M additional 1 000

a Pdssible basis for machine acceptance.

Measuring instruments
Laser medsuring equipment or linear scale.
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Observations and references to ISO 230-1:2012, 3.4.3; ISO 230-2:2014, Clause 3, 5.3.2 and 5.3.3
Relative measurement between the tool position and workpiece position is desired. When a linear scale is
used, it shall be set on the table parallel to the R-axis, the scale reader being on the tool position. When laser
equipment is used, the reflector should be set on the horizontal spindle head and the interferometer on the
table.

For axes exceeding 2 000, measure one or more segments of 2 000 with five runs forward and backward
each. Tolerances for axis lengths <2 000 shall be applied.

For axes up to 4 000, one measurement over one 2 000 segment is recommended, for axes over 4 000 and up
to 8 000, two 2 000 segments are recommended, and so forth.
Test seg i

the beginning, in between, and at the end of the test segments.
Other nurhber of 2 000 mm segments, other lengths of segments, as well as the positions_¢f\the|segments
within thg working area can be subject to agreement between the manufacturer/supplier and the user.
Additionally, one test over the total travel of the axis (once forward and once backward) shall be performed.
Concernirg the test conditions, test program and presentation of results, ISO 230-2:2014, Clauses|3, 4 and 7
and 8.2.4 phall be referred to. The starting point of measurement shall be stated.

divided at
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