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Foreword

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

The proceglures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

Accessory spindle heads are used on machine tools such as milling and boring machines, machining
centres, portal and gantry type machines, turning centres, with only one built-in spindle in the head or
ram, providing fixed or indexing or tilting spindles which can be oriented in directions different from
the built-in spindle axis.

In the same way as the built-in spindle, they can perform multiple machining operations including
milling, boring, drilling, grinding and tapping, and, in some cases, automatic tool changing as well from
a magazine or similar storage unit in accordance with a machining program.

Sonlle types of heads allow to check only the resulting position of the spindle (as the fixed (Lr indexing
oneps considered in 3.3, 3.4 and 3.5 and in tests G1 to G15), whereas for some othess,)i.e. those with
confinuous movement of the two rotary axes (as those considered in 3.6 and 3.7). Annexps A and B
allow to make additional analysis of the relative positions between axes and tocheck the gccuracy of
thelr offset compensation as well.

© IS0 2020 - All rights reserved v


https://standardsiso.com/api/?name=0a65f0c597e45f4a9994b240aafc547e



https://standardsiso.com/api/?name=0a65f0c597e45f4a9994b240aafc547e

INTERNATIONAL STANDARD ISO 17543-1:2020(E)

Machine tools — Test conditions for universal spindle
heads —

Part 1:

Accessory heads for machines with horizontal spindle
(hjorizontal Z-axis)

1 [Scope

This document specifies, with reference to the ISO 230 series, some families of tests foi accessory
spindle heads used on machining centres or numerically controlled milling machines, ¢tc.,, where
appllicable, with horizontal spindle (i.e. horizontal Z-axis). The tests considered in this dogument are
alsq applicable to manual indexing heads.

Thif document establishes the tolerances or maximum acceptable values for the t¢st results
corfesponding to general purpose and normal accuracy spindle heads used on different types of
maghines.

Thig document specifies several sets of procedures fot:geometric tests which can be carfied out on
different types of spindle heads for comparison, accéptance, maintenance, adjustments o any other
purpose.

Gripding heads and facing heads are not includéd in the scope of this document.

Thif document deals only with the verification of geometric and positioning accuracy of the¢ accessory
spindle heads and does not apply to:

— |the testing of the machine’s head{(s) operation (e.g. vibration, abnormal sound noise levdl, stick slip
motion of components);

— |the machine’s spindle(head(s) characteristics (e.g. speeds, feeds and accelerations)|which are
generally checked separately; or

— |the verification©fthe machining capability under power.

Tests concerning/thie accuracy of finished test pieces are dealt with in other ISO standards.

2 |Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. 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

© IS0 2020 - All rights reserved 1
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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 following apply.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

IEC El

3.1
universal
spindle he

one coordi

Note 1 to er
on horizont

Note 2 to e
short defini

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

ectropedia: available at http://www.electropedia.org/

head

hate axis

hl machining centres or numerically controlled milling machines.

fion of the relevant direction.

Table 1 — Spindle orientations

Coordinate axis Direction Definition

Z Negative Longitudinal

X Positive Left

X Negative Right

Y Positive Upward

Y Negative Downward
3.2
accessory|head
spindle head which can be mounted in froat of a ram or a head already provided with its own
holding spindle
Note 1 to ertry: The machine tool can perform machining operations both by its own spindle or by an acces

head, and sq

Note 2 to entry: Square head (3:3) through tilting head (3.8) define several types of accessory heads which
mostly used

3.3
square he

spindle hed

veral different accessory heads can be stored in a head store.

on horizontal machining centres or numerically controlled milling machines.

hd
1d with-enly one spindle perpendicular to the Z-axis, which can rotate around the Z-axis

Note 1 to enjtryz/See Figure 1.

nd with one or more spindles which are oriented, or can be oriented, parallel to nioreé t

try: Table 1 shows the five possible orientations of the spindle parallel to/the coordinate axes a

han

try: Terminological entries 3.3 to 3.8 define several types of universal heads which are mostly fised

hd a

fool

bory

are
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- Y
B
X Z
A C
1

Key]

1 [spindle

Figure 1 — Square head

3.4

twq-spindle square head
squ@ire head (3.3) with two spindles located perpendicular to each(other, one parallel to the|Z-axis and
thelother perpendicular to the Z-axis, which can rotate around-the Z-axis

Note 1 to entry: The two spindles can be coplanar or skew to eagh other.

Note 2 to entry: See Figure 2.

Key)
1 |longitudinal spindle
2 |square spindle

Figure 2 — Two-spindle square head

3.5

45° split indexing head

spindle head with mechanical indexing function in a plane inclined by 45° with respect to the
horizontal Z-axis

Note 1 to entry: See Figure 3.

© IS0 2020 - All rights reserved 3
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spindle
spindle
head b3
C-axis

U s W N

rotary |

3.6

45° split c
spindle he
rotation, n
with respe

Note 1 to e
resulting an
are also int
allow to do

Note 2 to entry: See Figure 3.

3.7
swivelling
spindle hed

Note 1 to entry: The¢Spindle axis S can be coplanar with C-axis (see Figure 4) or there can be a built-in o

between th{

Note 2 to en

axis S

se

head base rotation)
D-axis (45° oriented)

Figure 3 — 45° split head

pntinuous head

hd provided with continuous positioning function by two numerically controlled axe
hmely the C-axis parallel to the horizontal Z-axis, and the D-axis in a plane inclined by
ct to the Z-axis

htry: Tests in Annex A check all the geometric features (planes and axes) which contribute to
gular position of the spindle, by-pagsing the positioning deviations of the two rotary axes; these

bnded for a deeper investigation ‘on the 45° split indexing heads (3.5), if their movements and 1
t.

head

id with two numerically controlled A-axis and C-axis perpendicular to each other

spindle-aXis S and the C-axis. (see Figure 5).

try: Tests in Annex B check all the relative positions between couples of axes, as A and C, spindle

5 of
45°

the
ests
cks

fset

and

A, spindle a

hd € and theirundesired offsets
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Key

1 [spindle

2 |C-axis (yoke rotation)
3 |yoke body

4 | A-axis (head rotation)

Figure 4 — Swivelling head

Key]

1 [spindle

2 |C-axis (yoke rotation)
3 |built-in offset

4 |spindle axis\S

5 [|A-axis<head rotation)

Figure 5 — Swivelling head with spindle offset

3.8
tilting head
spindle head rotating only around the X-axis

Note 1 to entry: See Figure 6.

© IS0 2020 - All rights reserved
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1 spindle
2  A-axis
4 Prelil

4.1 Meassurement units

In this do
millimetre
tolerances
may be usg
deviations

0,010

4.2 Refe

To apply th
especially
component

Where the
ISO 230-1,
shown bef

3-1:2020(E)

Figure 6 — Tilting head

minary remarks

ument, all linear dimensions, deviations and corresponding tolerances are expresse
5, angular dimensions are expressed in degrees and'angular deviations and the correspong
hre expressed in ratios as the primary method, but in some cases, microradians or arcseco
d for clarification purposes. Formula (1) shottld be used for conversion of the units of ang
or tolerances.

1000 =10 prad = 2"

rence to ISO 230

is document, reference(shall be made to ISO 230-1, ISO 230-2 and ISO 230-7 when requi
or the installation ofthe machine before testing, warming up of the spindle and other moy
s, description of medsuring methods and recommended uncertainty of testing equipmer

test concerned is in compliance with the specifications of the relevant part of ISO 230
[SO 230-2¢0f ISO 230-7), a reference to the corresponding subclause of that standar

and in Annexes A%o*C.
4.3 TesIng sequence

1 in
ling
nds
1lar

ey

red,
ring
t.

(i.e.
d is

bre the instructions in the “Observations” block of the tests described in Clauses 5, 6 aijd 7

The sequence in which the tests are presented in this document in no way defines the practical order
of testing. In order to make the mounting of instruments or gauging easier, tests may be performed in

any order.

4.4 Test

s to be performed

When testing a machine, it is neither always necessary nor possible to carry out all the tests described
in this document. When the tests are required for acceptance purposes, it is up to the user to choose,
in agreement with the supplier/manufacturer, the relevant tests relating to the specific type of spindle
head and/or the properties of the head. These tests are to be clearly stated when ordering either a
machine with accessory head/(s) or a single head. A simple reference to this document for the acceptance

© IS0 2020 - All rights rese
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tests, without specifying the tests to be carried out, and without agreement on the relevant expenses,
cannot be considered as binding for any contracting party.

Tests shown in this document check only the resulting position of the spindle axis in the possible
orientations of the head, and they are intended to be used for acceptance purposes.

Annexes A and B contain additional tests to check all the geometric features (planes and axes) which
contribute to the resulting position of the spindle, by-passing the positioning deviations of the two
rotary axes; these tests provide a technical means for a deeper investigation and a diagnostic analysis
on the accuracy of the head components and of their assembly, both on a new head and during the
working life of a head in use.

Annex C contains tests for checking the accuracy of axes of rotation.

4.5| Measuring instruments

Megsuring instruments indicated in the tests described in Clauses 5, 6, 7 and’in Annexes|A to C are
only examples. Other instruments capable of measuring the same quantities\and having thq same, or a
smdller, measurement uncertainty may be used. Reference shall be made to ISO 230-1:201%, Clause 5,
which indicates the relationship between measurement uncertainties@nd the tolerances.

Wh

dis

(LVDTs), linear scale displacement gauges or noncontacting’/sensors, when applicable 1
conferned (see ISO 230-1:2012, Clause 4).

Si

suc
cyli
tof

In
suc
a sy

Valyiable information for measuring instruments is available in ISO/TR 230-11.

4.6

4.6
Thd

Indrical square, any straight path on a reference cube or a special, dedicated artefact ma

bn a dial gauge is referred to, it can mean not only dial test indicators (DTIs), but any ty
lacement sensor such as analogue or digital dial gauges, linear variable differential tr3

ilarly, when a straightedge is referred to, it can mean any type of straightness referen
h as a granite, ceramic, steel, cast iron straightedge, one arm of a square, one generatin

tin the T-slots or other references.

he same way, when a square is mentioned, it can mean any type of squareness referen
h as a granite or ceramic or steel or cast iron square, a cylindrical square, a reference cul
ecial, dedicated artefact.

Software compensation

1 Head offset.ecompensation
NC control.can compensate offsets between axes, which can result from either of the fol

the head“design: e.g. in two-spindle square heads with rigid body the cross-spindle {
diffevent plane from the longitudinal spindle (see Figure 2) or in swivelling heads with

be of linear
insformers
o the test

re artefact,
g line on a
hufactured

Ce artefact,
e or, again,

owing:

an lie in a
the A-axis
the C-axis

perpendicular to the C-axis the spindle axis S can swivel in a plane not containing

L A i}
WLEC LIguUItT JJ,

— the natural small inaccuracies in machining and assembling the head components (see Figure 3 and
Figure 4).

In this second case, the concerned tests may be carried out with and/or without applying the offset
compensation, according to the test purpose, and this should be specified in the test report for every
concerned test.

This double option of test allows assessing both the original mechanical accuracy and the offset
compensation accuracy. The intended use of the machine tool shall be considered.

© IS0 2020 - All rights reserved
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4.6.2 Machine geometric compensation

When software facilities are available for compensating certain geometric deviations of the machine,
the tests considered in this document should be carried out with these compensations. When the
software compensation is used, this shall be stated in the test report. It shall be noted that when
software compensation is used, axes cannot be locked for test purposes.

4.7 Diagrams

For reasons of simplicity, the diagrams in this document illustrate only some types of spindle heads

and machl aconficuratione Thaoir ymaain ko ca 1c +0 (‘}\C‘Avl fhn moevements—to ha onaratad and the

T COTI TS U T o CroTT o T IIC It o p ot poSt—To—to—oTToy cITe—TIT TITCTICO—to— D e~ optroacteooTter

orientatior of the coordinate axes.

4.8 Measuring length

When a tept requires the use of a test mandrel, the measuring length is 250 mm for the usual fest
mandrels 300 mm long. If a different measuring length is required, test mandrels'of’adequate lerjgth
shall be propvided accordingly.

4.9 Tolerances

In this dociment, all tolerance values (see ISO 230-1:2012, 4.1) are guidelines. When they are used for
acceptancd purposes, other values may be agreed between the user@nd the manufacturer/supplier. [The
required/]lfireed tolerance values are to be clearly stated when oxdering the machine.

When estdblishing the tolerance for a measuring length different from that given in this docunfent
(see ISO 230-1:2012, 4.1.2), it shall be taken into consideration that the minimum value of tolerande is
0,005 mm.

8 © IS0 2020 - All rights reserved
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5 Common geometric tests for spindles of all types of heads

Object | G1
Checking of axial error motion of the spindle.
Diagram

q I

A SN
\__/ BT

Vol
Tolerance Measured deviation
0,005

Measuring instruments

Didl gauge and precision sphere with special fixture.
Obpervations and references to ISO 230-1:2012, 9.1 (see also ISO 230-7)

This test shall be performed on all working spindles.
NO[TE See also test CR1 in Annex C.

© IS0 2020 - All rights reserved 9
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Object G2
Checking of run-out of internal taper of the spindle:

a) asclose as possible to the spindle nose;

b) atadistance of 250 mm from the first measuring position in a).

Diagram
Y
VA Z
b) a) e ——
Q 9 Y
a
; 250

Tolerancg Measured deviation
a) 0,010 a)
b) 0,020 b)

Measurijg instruments

Test mandrel and dial gauge.
Observatjons and references to 1SO 230-1:2012, 12.5.3

This test shall be performed on all working spindles.
NOTE Se¢ also test CR1 in Annex C.

10 © IS0 2020 - All rights reserved
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In the following test descriptions, diagrams are provided for square heads, 45° split heads and swivelling
heads. Similar setups are used for swivelling heads and tilting heads. Most tests are applicable to all
types of heads. Few exceptions are mentioned in the relevant objects.

Object

motion:

Checking of parallelism of the spindle axis S in the horizontal longitudinal orientation to the Z-axis

G3

a) | in the vertical YZ plane Ejz)spinpLEs

b) | in the horizontal ZX plane Eggz)spinpL-

(This test is applicable to universal heads non-rotating around the C-axis, and is not.applicaple to
hedds in Figure 1. For spindle heads capable of rotating 360° around the C-axis;tést G13 applies).

Diggram

a)

b)

Tolerance
Foif a) and b)
0,1p0/1 000 (0,025/250)

Measured deviation

a)
b)

Measuring instruments

Teqt mandrel and dial gauge.

Foif a), Y-axis to be locked, if possible.
Foy b), X-axis to‘bédocked, if possible.

Obgkervations and referernces to I1SO 230-1:2012, 10.1.4 and 10.1.4.3

The orientatioh of the deviation of the spindle axis S to the Z-axis, in both planes, shall be nqted.

Foq tilting-heads, the result of test a) includes the possible E, , positioning deviation of the Afaxis at 0°.

© IS0 2020 - All rights reserved
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Object

G4

Checking of squareness of the spindle axis S in the horizontal longitudinal orientation to the X-axis
motion Epox)spinpLg (MOt applicable to universal heads in Figure 1).

Diagram

S

}

Tolerance

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

Measured deviation

Measuring instruments
Straightelfge, special arm and dial gauge.

Set the st

Observatjons and references to ISO 230-1:2012, 10.3 and10.3.3

Z-axis to He locked, if possible.

The value pf angle,e/being less than, equal to or greater than 90° shall be noted.

ightedge parallel to the X-axis, or the lack'of parallelism shall be considered in the meas
urement. §et the dial gauge on the special arm meunted to the spindle. Touch the reference surface|of
the straigltedge by the dial gauge stylus and zere the dial gauge.

Then, rotdte the spindle until the stylus toliches the reference face of the straightedge again. The dif-
ference between the two readings divided by the distance between the two measuring points is the
squarenesfs error.

The specigl arm shall be stiff enolgh so as to prevent any possible reading errors due to its opposit
deflectionf in the two measurement positions.

Alternativily, this test cande carried out without the straightedge, with only one gauge block in th
centre of the table. The dial gauge shall touch the same point of the gauge block before and after ro
tating the spindle through 180° and moving the X-axis through the necessary travel.

[¢)

W

12

© IS0 2020 - All rights reserved
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Object G5

Checking of squareness of the spindle axis S in the horizontal orientation to the Y-axis motion
Eaoy)spinpLE (N0t applicable to universal heads in Figure 1).

Diagram
A
A |
srl i
LI_\ |
Tolerance Measured deviation

0,1p0/1 000 (0,025/250)
Measuring instruments

Square, special arm and dial gauge.
Obkervations and references to ISO 230-1:2012,10.3 and 10.3:3

Z-axis to be locked, if possible.

The measurement side of the square or cylindrical square.should be set parallel to the Y-axif, or the
lack of parallelism shall be taken into account in the measitrement.

Setlthe dial gauge on the special arm mounted to the-$pindle. Touch the measurement side df the
square by the dial gauge stylus and zero the dial gauge.

Then, rotate the spindle until the stylus touches’the measurement side of the square again. The dif-
fergnce between the two readings divided by the distance between the two measuring poinits is the
squareness error.

The special arm shall be stiff enough'so-as to prevent any possible reading errors due to its ppposite
defllections in the two measurement.positions.

Altprnatively, the dial gauge shall'touch the same point of the square or cylindrical square bfore and
after rotating the spindle through 180° and moving the Y-axis through the necessary travel

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

Forf swivelling heads and tilting heads, the result of this test includes the possible E, , positipning
deyiation of the Acaxis at 0°.

© IS0 2020 - All rights reserved 13
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Object | G6
Checking of parallelism of the spindle axis S in either of the two vertical orientations (upward and
downward) to the Y-axis motion:

a) with the spindle in the downward orientation:
1) in the vertical XY plane EC(OY)SP[NDLE, DOWNWARD’
2) inthe vertical YZ plane EA(OY)SPINDLE, DOWNWARD?’

b) with the spindle in the upward orientation:

1) in theverticalX¥-planek

““““ ~CL(0Y)SPINDLE, UPWAKU;
2) inthe vertical YZ plane Ey yyspiNpLE, UPWARD:
(Not applitable to heads where the spindle cannot be oriented parallel to the Y-axis)
Diagram
Y Y|
X' X
X X
I—[ Y' Y
— o7
Y Y
| - | -
7' Z
§ ly
t
e l *
= {— e {—
a) b)

Tolerance Measured deviation
For a) and(b) al) b1)
0,100/1 090 (0,025/250) a2) b2)
Measurir;t instruments
Test mandjrel and dial'gauge.
Observations and references to 1SO 230-1:2012, 10.1.4 and 10.1.4.3
For al) anfl b?), X-axis to be locked, if possible.

For a2) and b2), Z-axis to be locked, if possible.

The orientation of the deviation of the spindle axis S to the Y-axis, in both positions and in both
planes, shall be noted.

For swivelling heads, the result of tests al) and b1) includes the possible E. positioning deviation of
the C-axis at 0°. For swivelling and tilting heads, the result of tests a2) and b2) includes the possible
E, 5 positioning deviation of the A-axis at -90°.

For swivelling heads, the upward and downward orientation of the spindle can be reached by two
combinations of the A- and C-axis. Both combinations shall be checked.
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Object G7
Checking of squareness of the spindle axis S in vertical downward orientation to the X-axis motion
E¢(0x)SPINDLE, DOWNWARD:*

Diagram
S S S
A X X X
X |@ X |« X |a
-
! ‘ ;
@ t
- 4\’\) ._.4\’» ﬁ ‘(\a‘
| \
Tolerance Measured deviation

0,1p0/1 000 (0,025/250)
Measuring instruments

Strpightedge, special arm and dial gauge.
Obgervations and references to ISO 230-1:2012, 10.3 and;10.3.3
Y-axis to be locked, if possible.

Setithe straightedge parallel to the X-axis, or the lack of parallelism shall be considered in the meas-
urgment. Set the dial gauge on the special arm mounted to the spindle. Touch the reference surface of
the straightedge by the dial gauge stylus and zero'the dial gauge.

Then, rotate the spindle until the stylus touches the reference face of the straightedge again. The dif-
fergnce between the two readings divided by the distance between the two measuring poinits is the
sqyareness error.

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

Alternatively, this test can bé carried out without the straightedge, with only one gauge blogk in the
cerjtre of the table. The dial gauge shall touch the same point of the gauge block before and {fter ro-
tat|ng the spindle through 180° and moving the X-axis through the necessary travel.

The value of angle, @, -b€ing less than, equal to or greater than 90°, shall be noted.

Foif continuoushieads (both 45° split and swivelling heads), the result of this test includes the possible
E¢{ positioning-deviation of the C-axis at 0°.

Foif swivelling heads, the downward orientation of the spindle can be reached by two combinations of
thg A- and C-axis. Both combinations shall be checked.
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Object G8
Checking of squareness of the spindle axis S in downward orientation to the Z-axis motion Ej oz,
SPINDLE, DOWNWARD-

Diagram
S S S
a Z a Z a Z
- » - > - >
z |« AR Z |«
L — — —
Tolerancg Measured deviation
0,100/1 000 (0,025/250)
Measurinig instruments
Straightquge, special arm and dial gauge.

Observatjons and references to I1SO 230-1:2012, 10.3 and 10.33
Y-axis to be locked, if possible.

The straightedge shall be set parallel to the Z-axis, or the lagkof parallelism shall be considered in the
measurenient.

Set the digl gauge on the special arm mounted to the spindle. Touch the surface of the straightedge|by
the dial gquge stylus and zero the dial gauge.

Then, rotdte the spindle until the stylus touches-the reference face of the straightedge again. The dif-
ference beftween the two readings divided by the distance between the two measuring points is th¢
squarenesfs error.

The specigl arm shall be stiff enough.seias to prevent any possible reading errors due to its deflec-
tions in the two measurement positions.

he
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Object G9

Checking of parallelism of the spindle axis S in either of the two horizontal orientations along the
X-direction to the X-axis motion:

a) with the spindle in the left position:
1) inthe vertical XY plane E¢(oxyspinpLE, LEFT
2) in the horizontal ZX plane EgxyspinpLE, LEFT

b) with the spindle in the right position:

1 _inthoavartical YV nlang I .
=) R Ml Ml “CUXJSPINDLE, RIGHT”

2) in the horizontal ZX plane EggxyspiNpLE, RIGHT:

(Nt applicable to heads in Figure 6, where the spindle cannot be oriented parallel td the X-axis)

S

Diggram

Tolerance Measured deviation
For a) and b) al) b1)
0,1p0/1 000 (0,025/250) a2) b2)

Measuring instruments

Tedt mandrel and dial'gauge.

Observations andreferences to ISO 230-1:2012, 10.1.4 and 10.1.4.3

This test is also applicable to square heads if they can be rotated by an angle sufficient to brfing the
crgss-spindle‘axis to be parallel to the X-axis on both sides.

Setithé\C*axis and the D- or A-axis in the angular position orienting the spindle horizontally| parallel
to the X-axis. Between position a) and position b) the C-axis shall be rotated 180°; the D- or A-axis
shall not be moved.

For al) and b1), Y-axis to be locked, if possible.
For a2) and b2), Z-axis to be locked, if possible.

The orientation of the deviation of the spindle axis S to the X-axis, in both positions and in both
planes, shall be noted. For continuous heads (both 45° split and swivelling heads), the result of this
test includes the possible E positioning deviation of the C-axis at 0°.

© IS0 2020 - All rights reserved
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Object G10

Checking of difference in the Y-direction between the spindle heights in the two horizontal orienta-
tions in the X-direction.

(Not applicable to universal heads in Figure 6, where the spindle cannot be oriented parallel to
the X-axis)

Diagram
YA Y A
X X
X X
' \/
C \% C v
/\ /_\
1 TAWaN 2 1 i I 2
r)() f— ms—
| S — %) T 8%
“ “
i it
[] [N

e I M P o

1 left posjition

Key

2 right pgsition

Toleranc¢ Measured deviation
0,030
Measurigg instruments

Test man
Observatjons and references to ISO 230-1

rel and dial gauge.

This test i§ also applicable to square heads.if they can be rotated by an angle sufficient to bring the
cross-spinfdle axis to be parallel to the X-axis on both sides.

Step 1: Sef the C-axis and the D- or-A-axis in the angular position orienting the spindle horizontally
parallel to|the X-axis. Zero the dialgauge.

Step 2: Drive away the head By means of movements along X- and Z-axes only, in order to avoid intejr-
ferences with the dial gauge;Rotate the C-axis 180° without moving the D- or A-axis and again brirlg
the test mpndrel into centact with the dial gauge by means of X- and Z-axes movements. Without
resetting fhe dial gauge; again adjust the C-axis until the test mandrel is parallel to the X-axis on the
other side| The new reading is the deviation to be reported.

This test ay b&performed with and/or without offset compensation, according to the purpose of the
test, for:

— square heads in Figure 1;
— two-spindle square heads in Figure 2, if the head is designed with two coplanar spindles; and
— 45° split heads in Figure 3.

If the cross-spindle axis of a square head is not coplanar with the head axis of rotation, this test can
only be performed with the offset compensation on.
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Object

| G11

For 45° split heads — Checking that the spindle axis S and the rotary D-axis (45° oriented) lie in the

same YZ plane

Diagram

Step 1) Step 2)

Z Y
X' X
X X
] ’ S
-

Tolerance Measured deviation
0,0R0
Measuring instruments
Teqt mandrel and dial gauge.

Obgkervations and references to I1SO 230-1

X-axis to be locked, if possible.

Step 1: Set the spindle in horizontal position along the Z-direction. Place the dial gauge on the table,

and then zero the dial gauge touching the test mandrelclose to the spindle nose.

Step 2: In order to avoid interferences with the dial gauge, drive away the head by means of n
alopg Y- and Z-axis only. Rotate the D-axis in order to set the spindle axis in vertical position,
brihg the test mandrel into contact with the-dial gauge by means of Y- and Z-axis movements

WHen the movements in Step 2 have beeh-completed, half of the reading on the dial gauge igthe
deviation to be reported. This deviation' can be obtained performing test G6 al) after G3 b) without

moyving X-axis and without resetting-the dial gauge.

hovements
and again

© IS0 2020 - All rights reserved
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Object

(Only appl

G12

Checking of the overall deviation of coaxiality of the spindle axis S to the C-axis during the rotation of
the C-axis,

measured close to the spindle nose.

icable to swivelling heads without built-in spindle offset, and not applicable to tilting heads

in Figure 6, where the head cannot rotate around a C-axis)

Diagram

0,040

Tolerance

Measured deviation

Measuri

Test ma

nl(fel and dial gauge.

instruments

Observat
Y-axis to b
Carry out

Step 1: Tui
mandrel i

Step 2: Zet

Step 3: Ro
the spindl

Step 4: Ro

ons and references to 1SO 230-1:2012,10.2
e locked, if possible.
Lhe following steps:

n the spindle head (A-axis) in longitudinal direction and adjust the A-axis until the test
parallel to the Z-axis in the vertical-YZ plane.

o the dial gauge close to the spindle nose.

ate slowly the spindle andnote the average reading of the dial gauge (in order to by-pass
e run-out) and the angularposition of the C-axis.

fate the yoke (C-axis)\90° and repeat Step 3.

After taki

NOTE 1

NOTE 2

imum reading is the dewiation to be reported.
each other readings-are affected by the deviations measured in BG8 a).

are affect¢dby the deviations measured in BG8 b), i.e. BG6 and BG7.

g the four readings every 90°, the algebraic difference between the maximum and the mi
uring thergtation of the C-axis, when the A-axis is vertical, in two positions at 180° fron

imilarly, when the A-axis is horizontal, in two positions at 180° from each other, reading;

20

© IS0 2020 - All rights reserved



https://standardsiso.com/api/?name=0a65f0c597e45f4a9994b240aafc547e

ISO 17543-1:2020(E)

Object | G13

Checking of the maximum deviation of parallelism of the spindle axis S to the C-axis during the rota-
tion of the C-axis.

(Not applicable to heads in Figure 6, where the head cannot rotate around a C-axis)
Diagram

Tolerance Measureddeviation
0,1p0/1 000 (0,040/250)
Measuring instruments

Tedt mandrel and dial gauge.
Obpservations and references to ISO 230-1:2012, 10.1 and 10.1.5

Y-axis to be locked, if possible.

Carry out the following steps.

Step 1: Turn the spindle head (A-axis).itwlongitudinal direction and adjust the A-axis until the test
malndrel is parallel to the Z-axis in the'vertical YZ plane.

Step 2: Zero the dial gauge in a pesition close to the spindle nose.

Stelp 3: Rotating slowly thesspindle, take the average reading of the dial gauge (in order to by-pass the
spindle run-out) close to-the’spindle nose and at 250 mm distance from the previous reading. Note
the parallelism deviation-and its direction and the angular position of the C-axis (after adjusting the

nts (250

from
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Object G14

Checking of the maximum deviation of squareness of the spindle axis S to the X-axis during the rota-
tion of the C-axis.

(This test is only applicable to universal heads where one spindle is oriented, or can be oriented, par-
allel to the Z-axis and the C-axis can rotate 360°)

Diagram
T3
S s
| d
| X |«
N
e
O—F ¢
\ ‘ -

Tolerancg Measuredideviation
0,100/1 000 (0,050/500)
Measuring instruments

Straightedge, dial gauge and special arm.
Observatjons and references to I1SO 230-1:2012;,10.3 and 10.3.3

Z-axis to e locked, if possible.

The straightedge shall be set parallel to the X-axis, or the lack of parallelism shall be considered in the
measurenient.

Step 1: AdJust the concerned axes(injorder to orient the spindle axis S parallel to the Z-axis.

Step 2: Sef the dial gauge on the.special arm mounted to the spindle. Touch the reference surface of
the straigltedge by the dial gauge stylus and zero the dial gauge. Then rotate the spindle until the
stylus tou¢hes the referenceface of the straightedge again. The difference between the two readings
divided byf the distancé/bétween the two measuring points is the squareness error. Note the directjon
of the devlation and-thé angular position of the C-axis.

[¢)

The specigl arm shall be stiff enough so as to prevent any possible reading errors due to its opposit
deflectionf in‘the two measurement positions.

Step 3 RO Aatatha Coaxic ONO vnthaont maauing 2y athar rotary avic and oo + Ctan 2 If+haraic an

: Rotate-the-G-axis- 90 witheutmevingany-otherrotaraxisrandrepeat-Step2—tHthereisan
in-built offset between the spindle axis S and the C-axis, additional movements of the Y-axis can be
necessary for touching the same measuring points.

The maximum absolute value of the four deviations, divided by the distance between two measuring
points, is the deviation to be reported.

Alternatively, this test can be carried out without the straightedge, with only one gauge block (or a
cylindrical square for avoiding sharp edges) in the centre of the table. The dial gauge shall touch the
same point of the gauge block (or cylindrical square) before and after rotating the spindle through
180° and moving the X-axis through the necessary travel.
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Object G15
For swivelling heads and tilting heads.

Checking of parallelism of the spindle axis S to the YZ plane in several positions of the A-axis.

Diagram

—

Tolerance Measured deviation

0,080/1 000 (0,020/250)
Measuring instruments

Teqt mandrel and dial gauge.
Obk

X-3

Stepp 1: Set the spindle in horizontal position along the Z-direction. Zero the dial gauge touclling the
tesk mandrel close to the spindle nose, with-the dial gauge oriented in the X-direction. Lock the dial
gayge on the table. Measure the parallelism of the spindle axis S to the Z-axis in the horizontal plane,
in fwo points on the test mandrel 250\mm apart from each other. Mark the two points on thg test

ervations and references to I1SO 230-1

xis to be locked, if possible.

Stelp 2: In order to avoid interferences with the dial gauge, drive away the head by means ofjmove-
mepnts along Y- and Z-axes only. Rotate the A-axis through an angle not exceeding 30° or proyiding a
minimum number of five'measurement positions and check again the parallelism without njoving the

The algebraicdifference between the maximum and the minimum deviation among all the gngular
pogsitions ofthe A-axis, divided by the distance between the two measuring points (250 mm), is the

If tpst G15 is to be performed, its readings in the extreme horizontal and vertical position of the A-ax-
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Object Gl6

For 45° split continuous heads.

Checking of parallelism of the spindle axis S to the YZ plane in four positions of the path described by
angular interpolation of the C- and D-axes, according to the following formula:

\/EsinD

tant= 1+cosD
a) C=0° b) C=54°44"'8" c) C=74°27"'28" d) €=90°
D=0° D =90° D=137°3"31" D =180°
a=0 a=30° a=60° a=90°
Diagram
"«
1 ~_C
Toleranc¢
To be agreed between the supplier/manufacturer and.the user.
a) b) c) d)
Measured deviation
a) b) S d)
Measuring instruments
Test manltfel and dial gauge.
Observatjons and references/to ISO 230-1:2012, 12.3.2.4
X-axis to be locked, if possible.
Check a) before starting the movement, with two readings, respectively close to the spindle nose and at
a distancefof 250 mm,ratating slowly the spindle so as to stop it in the average position of the run-oyt.
Mark the gngular pesition on the mandrel.
Then start{ the movement and stop at the programmed positions.
In all b), c)land d) angular positions, touch the test mandrel close to the spindle nose in the same pagint

previously marked. Lock the X-axis, if possible, and zero the dial gauge. Moving Y- and Z-axes only,
touch the test mandrel at 250 mm from the spindle nose and note the deviation.

NOTE In the above Object and Diagram the case is shown where the 0° positions of the C- and D-axes
are those where the spindle axis starting position is vertical, and « is the angle between the spindle
axis S and the Y-axis in the vertical YZ plane.

24 © IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=0a65f0c597e45f4a9994b240aafc547e

ISO 17543-1:2020(E)

Object G17

Checking of repeatability of positioning of the tool holding spindle after repeated automatic spindle
head changes, measured in the radial and axial direction on the spindle nose of the accessory head.

To be applied to each individual spindle head.

Diagram
- 2
4 ( //\\1 3
T W&

1 | dial gauge for the axial readings

2,3 dial gauges for the radial readings

Tolerance Measured.deviation
For all measurement positions 0,030 According to the|spindle
S¥indle orientation during the test,
origntation mark with an astprisk the
axis (X, Y or Z) pargpllel to the
spindle axjis
AorD (°)
c®
Deviations X Y Z
(um)
Measuring instruments 1
Didl gauges. 2
3
4
5
Range
(max-min)

Obgervations-and references to ISO 230-1

This test shall be performed on all types of accessory spindle heads which can be automatidally
chgnged\from a head store.

Step1Y Place three dial gauges on the table, and set the styli of the dial gauges in directions parallel to
the three coordinate axes. Zero the dial gauges with the head clamped.

Step 2: Drive the head apart from the dial gauges with a diagonal movement of the linear axes.

Step 3: Unclamp the head and store it in the head store, move back the linear axes to the original posi-
tion (where the dial gauges have been zeroed) without head, and then pick up again the head from the
store, clamping it onto the machine.

Step 4) Move back the linear axes to the original position (where the dial gauges have been zeroed) in
order to bring again the spindle into contact with the dial gauges and note the readings.

Step 5) Take five consecutive sets of readings repeating steps 2), 3) and 4).

For each dial gauge, the algebraic difference between maximum and minimum reading is the devia-
tion to be reported. The readings include the repeatability of the linear axes involved.
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7 Angular positioning tests

The tests are only applied to accessory heads numerically controlled for rotary positioning axes. To
apply 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.

Object P1

Checking of accuracy and repeatability of angular positioning of all rotary axes of spindle heads
(A-axis or D-axis), head bases and yokes (C-axis) by numerical control:

NOTE Thistest npplipc to all rotarv axes associated with the qpind]p head
Diagram
Z
X'
Zl
Key
1 autocollimator
2 optical polygon
Tolerance For angles <360° Measurkd
(30° or 45° interval positioning) ag(I:lsdeSc- degrees | deviatipn
Bi-directignal positioning error Ecca 22 =0,006
Unidirectipnal positioning repeatability Eccrr O Eccry 11 ~0,003
Bi-directignal positioning repeatability Eccr 15 ~0,004
Mean revdrsal error Ecc,ﬁ 4 ~0,001
Bi-directignal systematic posifioning error? |E.cg 15 ~0,004
Mean bi-d{rectional positigning error? Ecem 7 ~0,002
2 Can proyide a basis.for machine acceptance.
Measurin|g instruments
Optical polygen\and autocollimator or laser measuring equipment.
Observatjons and references to 1SO 230-2:2014, 5.3.4

Fix the autocollimator on the machine tool table and fix the optical polygon on the axis of rotation, in
alignment with the autocollimator at the first measuring rotary position.

Target position shall be 30° or 45° intervals or selected according to ISO 230-2.

Angular positioning feed rate may be rapid feed, provided it does not affect the safe clamping of the
reflector or optical polygon, but it may be any feed rate by agreement between user and supplier/
manufacturer.
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Annex A
(informative)

Supplementary geometric tests for 45° split continuous heads

In Figure 3, the 45° split head is shown.

Object AG1
Checking of squareness of the C-axis (head base rotation) to the X-axis motion Egox,¢:
Diggram

ONICHONONS! (r o |
Tolerance Measured deviation

0,060/1 000 (0,030/500)
Measuring instruments

Strpightedge, dial gauge and specialarm.
Obpservations and references:to ISO 230-1:2012, 10.3 and 10.3.3

Z-axis to be locked, if possible.

D-gxis in any angular position. The dial gauge shall be fixed to the spindle head and orienteg in the
Z-direction, with a knewn offset from the C-axis of the head base.

Set{the straightedge parallel to the X-axis, or the lack of parallelism shall be considered in the meas-
urgment.

Setithe dial)gauge on the special arm mounted to the spindle, or the dial gauge may be mourjted on
thg head\base. Touch the reference surface of the straightedge by the dial gauge stylus and 4ero the

diall gauge.
Then, rotate the head base (C-axis) until the stylus touches the reference face of the straightedge

again. The difference between the two readings divided by the distance between the two measuring
points is the squareness error Eggy)c.

Alternatively, this test can be carried out without the straightedge, with only one gauge block (or a
cylindrical square for avoiding sharp edges) in the centre of the table. The dial gauge shall touch the
same point of the gauge block before and after rotating the C-axis through 180° and moving the X-axis
through the necessary travel.

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

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 X-axis position and the Y-axis position of the test shall be recorded.
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Object | AG2
Checking of squareness of the C-axis (head base rotation) to the Y-axis motion Ej yc-
Diagram
Y Y
al o C
y YA a
Y' )
Y
NeSl ] e
AL N
e DLL o ,j:_r
O O O O O] [ He] O 000
e %
Key
ay, a,, by, §, dial gauge readings

Toleranc

0,060/1 010 (0,030/500)

Measured deviation

Straighted

Measurin|g instruments

ge, square, special arm and dial gauge.

Observat
Z-axisto b
D-axis in 3
Z-directio
Place a st

Step 1: Me
and note i

Step 2: Me
and note i
If a specia

The differ
tween me

The value

h, with a known offset from the C-axis of the hiead base.

opposite deflections in the two measurement positions.

ons and references to 1SO 230-1:2012, 10.3 and 10.3.3
e locked, if possible.
ny angular position. The dial gauge shall be fixed\to the spindle head and oriented in the

aightedge on the table and a square upon the straightedge:

asure the parallelism deviation (a; = a,)/ L, of the Y-axis to the vertical side of the squar
with its algebraic sign.

asure the squareness deviation (b7 - b,) / Ly, of the C-axis to the vertical side of the squar
with its algebraic sign. The dial gauge may be mounted on the head base.
arm is used, it shall be stiff enough so as to prevent any possible reading errors due to i

ence [(by - by) - (a4z13)] / Ly, is the deviation to be reported, where Ly is the distance be
isurement points:dy and b, as well as between a; and a,.

of angle, @, being less than, equal to or greater than 90°, shall be noted.

If test AGY is to beperformed, test AG2 is better carried out after AG4 and AG5, without moving
the squarg.
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Object AG3

Checking of parallelism of the C-axis (head base rotation) to the Z-axis motion:

a) inthe vertical YZ plane Ej oz

b) in the horizontal ZX plane Egy7)c-

Diagram

thg two planes.

In both planes, the mean value of the two deviations read before and after the 180° rotation
deyiation to be,feported.

of the spindle axis S to the Z-gxis both in the vertical YZ plane and in the horizontal ZX plane.

\
z 7 # ol x
Yy —— | X
| g
|
LK
AN
Tolerance Measured deviation
Fort a) and b), 0,080/1 000 (0,020/250) a) b)
Measuring instruments
Teqt mandrel and dial gauge.
Obgervations and references to ISO 230-1:2012, 10.1.4 and 10.1.4.3
This test can be performed only if the C-a%is can rotate at least 180°.
Foy a), Y-axis to be locked, if possible:
Foy b), X-axis to be locked, if possible.
Setithe D-axis in the positionwhere the spindle is in the horizontal Z-direction. Check the parallelism

h

Rotate the head base (€*axis) 180° without moving the D-axis, and again, measure the parallelism in

is the
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Object | AG4
Checking of accuracy of the 45° angle between the spindle axis S and the D-axis (head rotation).
Diagram
Y, D Y Y, D
Z Z 7
A A A
iy v T
* | ¢ T
‘ {r ] [ <> |
L —
Step 1 Step 2
Y
<——>Z
7
.
Step 4
Key
1 cylindrical square
€1, €y, dq, dp dial gauge readings

Toleranc Meastred deviation
0,080/1 01)0 (0,020/250)

Measurin|g instruments

V-blocks, qylindrical square, straightedge, square, test mandrel and dial gauge

Observatjons and references to ISO 230-1

Step 1: Align a cylindrical square parallel to the X-axis travel. Adjust the D-axis perpendicular to tglg

X-axis by iferatively adjusting the head-base (C-axis) and rotating the spindle head (D-axis) over 180°
to swing the dial gauge across thecylinder at two points until the same reading is obtained. Lock the
head base

Step 2: AdJust the D-axis untilthe spindle head is in the vertical position with the spindle axis S pagal-
lel to the Y-axis in the XY plane.

Step 3: Mepsure the squareness deviation (c; - ¢;) / L4 of the spindle axis S to a straightedge set par-
allel to thq Z-axis artd'note it with its algebraic sign.

Step 4: Then adjust the D-axis until the spindle head is in the horizontal position with the spindle axis
parallel to[thé'Z-axis in the horizontal ZX plane.

Step 5: Measure thresquareness deviation (= u;) 7 Lq of the spimdieaxis Stoasquare ptaced omthe
straightedge and note it with its algebraic sign.

Half the algebraic difference between the readings in Step 3 and Step 5, i.e. [(d; - d;) - (c; = ¢3)] / 2Ly
is the deviation to be reported, where L, is the distance between measurement points ¢; and c,, the
same as the distance between measurement points d; and d,. This half algebraic difference shall not
be confused with half the algebraic sum, which has a different meaning, and is needed for test AG5.

Value and sign of the deviation, making the angle less than, equal to or greater than 45°, shall be noted.

If Steps 3 and 5 are not in the same Z- and Y-positions, measurement results will be affected by E,y
and E,, deviations.
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0,080/1 000 (0,020/250)

Object | AG5
Checking of accuracy of the 45° angle between the D-axis (head rotation) and the C-axis (head base
rotation).
Diagram
Yy, D Yy, D
v/ Z
A 7 : Do A Z; :
v a v / d1 ﬁz v
dz
Key
€1, f2 dq, d, dial gauge readings
Tolerance Measured deviation

Measuring instruments

Strpightedge, square, cylindrical square and dial gauge.

po
Va

Obpervations and references to ISO 230-1
Carry out all adjustments and readings of test AG4

Half the algebraic sum (i.e. the average) of the readings in Step 3: and step 5), i.e. [(d; - d,) +
c,)] / 2L .4 shall be noted, with its algebraic sigh.

The difference between this average and the readings taken in AG2, i.e.
[(d} -dy) + (c1 - c))] / 2Loq - [(b1 - by) (& - a,)] / Ly, is the deviation to be reported, where
disfance between measurement points c; and c,, the same as the distance between measur

Ift

|i||r“1ts d, and d,.

e and sign of the deviation; making the angle less than, equal to or greater than 45°, shall

st AG5 is to be performed, test AG2 is better carried out after AG4 and AG5, without fnoving
thq square.

(c1-

[ .qis the
bment

be noted.
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Object

Checking the error of intersection between the spindle axis S and the D-axis (head rotation) (i.e.
checking that the spindle axis S in the horizontal position and in the vertical position lie in the same
vertical plane).

| AG6

Diagram

4

D

Y
X
X
y'

i —

[t

|

—
Step 1) Step 2) Step 3)

Key

1 cylindrjcal square

Toleranc¢ Measured deviation

0,020

V-blocks, d

Measuring instruments

ylindrical square, test mandrel and dial gauge.

Observat

Step 1: Ad
Step 2: Ad

Step 3: Ad
parallel to
dial gauge

ons and references to I1SO 230-1

X-axis to be locked, if possible.

ust the head base (C-axis) as in Step 1 in.test AG4.

ust the D-axis until the spindle head.is in the vertical position with the spindle axis S paral-
lel to the Y-axis in the XY plane (same as in Step' 2 in test AG4). Zero the dial gauge.

ust the D-axis until the spindle héad is in the horizontal position with the spindle axis S
the Z-axis in the horizontakZX plane (same as in Step 4 in test AG4), without resetting the
and only moving Y- and.Z-axis.

When the pdjustment in Step 3das been completed, half of the reading on the dial gauge is the devip-
tion to be reported. Note caréfully the direction of the deviation, because it is one of the components

of deviatiqn AG7.

This test hay be perfottméd with and/or without offset compensation, according to the purpose of]

the test.
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Cylindrical square, test mandrel and dial gauge.

Object | AG7
Checking the error of intersection between the D-axis (head rotation) and the C-axis (head base
rotation)
(i.e. checking that the spindle axis S on the right side and on the left side lie in the same horizon-
tal plane).
Diagram
! 1 ‘f—gx < X <« X
‘ 7y 7 X vy A
Y )
1 ‘ | AI ( ( 1
| o ——
—
Step 1) Step 2) Step 3)
Key
1 ¢gylindrical square
Tolerance Measured deviation
0,0R0
Measuring instruments

Obgervations and references to ISO 230-1

Lo¢k the head base.
XY(plane. Zero the dial‘gauge and lock Y-axis, if possible.
other side, witheut resetting the dial gauge and only moving X- and Z-axes.

test andsthe deviation to be reported for test AG6.

Stepp 1: Align a cylindrical square parallel to the Y-axis travel. Adjust the D-axis perpendicul
Y-axis by iteratively adjusting the head base (C-axis) and rotating the spindle head (D-axis)
to §wing the dial gauge across-.the cylindrical square at two points until the same reading is|

Step 2: Adjust the spindle head (D-axis) until the spindle axis S is parallel to the X-axis in thg
Step 3: Rotate thé.head base (C-axis) 180° and adjust it until the spindle is parallel to the X-3

Half of the reading on the dial gauge equals the algebraic sum of the deviation to be reporte

hr to the
pver 180°
obtained.

 vertical

xis on the

1 for this

Thisttest may be performed with and/or without offset compensation, according to the pur

pose of

theTest.
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Annex B
(informative)

Supplementary geometric tests for swivelling heads

In Figures 4 and 5, the swivelling head with and without spindle offset are shown.

Object BG1
Checking ¢f squareness of the C-axis (yoke rotation) to the X-axis motion Ep gy -
Diagram

C

a X!
a
X
OO0 O o6 0o |
-

Toleranc Measured deviation
0,040/1 0])0 (0,020/500)
Measurin|g instruments
Straightedge, or gauge blo¢k) dial gauge and special arm.
Observatjons and reféerences to I1SO 230-1:2012, 10.3 and 10.3.3
Z-axis to Ye lockedifjpossible.
Set the strpightedge parallel to the X-axis, or the lack of parallelism shall be considered in the meag-
urement.

Set the dial'gauge on the special arm mounted to the spindle, or the dial gauge may be mounted on
the head base. Touch the reference surface of the straightedge by the dial gauge stylus and zero the
dial gauge.

Then, rotate the head base (C-axis) until the stylus touches the reference face of the straightedge
again. The difference between the two readings divided by the distance between the two measuring
points is the squareness error.

Alternatively, this test can be carried out without the straightedge, with only one gauge block in the
centre of the table. The dial gauge shall touch the same point of the gauge block before and after ro-
tating the yoke (C-axis) through 180° and moving the X-axis through the necessary travel.

The dial gauge may be mounted either on the yoke body or on the spindle head.

The value of angle, @, being less than, equal to or greater than 90°, shall be noted.
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Object BG2
Checking of squareness of the C-axis (yoke rotation) to the Y-axis motion Egyyc-
Diagram
Y
a
Ot | I
Ji_‘l1 %
= — 7
,,,,, C
|
=1
e
L] J | |
Tolerance Measured.deviation

0,0£0/1 000 (0,020/500)

Measuring instruments

Sqyare or cylindrical square, dial gauge and special apm:

Obkervations and references to ISO 230-1:2012510.3 and 10.3.3
Z-axis to be locked, if possible.

Set|the measurement side of the square or eylindrical square parallel to the Y-axis, or the la
allglism shall be taken into account in the measurement.

Set{the dial gauge on the special arm'mounted to the spindle, or the dial gauge may be mour
hedd base. Touch the measurement'side of the square by the dial gauge stylus and zero the

Then, rotate the head base (C-axis) until the stylus touches the measurement side of the squ|
The difference between thetwo readings divided by the distance between the two measuri
is the squareness error.

Alternatively, the dial gauge shall touch the same point of the square or cylindrical square b,

after rotating the yoke (C-axis) through 180° and moving the Y-axis through the necessary travel.

The dial gauge. may be mounted either on the yoke body or on the spindle head. If a special 3
usgd, it shall'he stiff enough so as to prevent any possible reading errors due to its opposite
tiofs in the-tWo measurement positions.

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

'k of par-

ted on the
ial gauge.

are again.
hg points

efore and

rm is
deflec-
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