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Foreword

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

Most numerically controlled broaching machines are classified into two categories characterized by
their particular configuration:

1) vertical surface type machines;
2) horizontal surface type machines.

The main application of numerically controlled surface type broaching machines is for generating slots
and grooves in turbine disks.

The pbject of this document is to supply information as wide and comprehensive as poss]ble on tests
on niimerically controlled broaching machines which can be carried out for compatison,|acceptance,
maintenance or any other purposes.

© IS0 2020 - All rights reserved v
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Test conditions for numerically controlled broaching
machines — Testing of accuracy — Vertical surface type
broaching machines

IMPORTANT — The electronic file of this document contains colours which are considered to be
useful for the correct understanding of the document. Users should therefore consider printing

this

nt‘limnhf using a3 colour nrinter
|
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and normal accuracy vertical surface type broaching machines equipped with numerical cc
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document specifies, with reference to ISO 230-1, the geometric tests om\nimericall
broaching machines of normal accuracy, with vertical axis acting for) cutting op¢
acy of rotary axes, if available, is checked with reference to ISO 2307

document also specifies, with reference to ISO 230-2, the positioning tests on vertical
Ching machines for both linear and rotary axes.

document proposes test pieces containing broached slots-and grooves with reference t
ng tests under finishing conditions. It also specifies:the characteristics and dimen
bieces themselves. This document is intended to supply minimum requirements for a
ng accuracy of the machine.

document also establishes the tolerances for'the test results corresponding to gene

document explains different concepts-or configurations and common features of
ce type broaching machines which are-normally used in the manufacturing of turbine
jdes a terminology and designation'of controlled axes with reference to ISO 841.

document deals only with the verification of the accuracy of the broaching machine

y controlled
eration. The

surface type

01S0 230-1,
sions of the
ssessing the

ral purpose
ntrol.

NC vertical
disks. It also

It does not

 to the operational testing~of the machine (e.g. vibration, abnormal noise, stick-slip motion of
components), nor to machine characteristics (e.g. speeds, feeds) as such checks are genel

ally carried

heir content
applies. For
hts) applies.

out hefore testing the acciracy.

2 Normative references

The following"documents are referred to in the text in such a way that some or all of t
consfitutessrequirements of this document. For dated references, only the edition cited
unddtedqeferences, the latest edition of the referenced document (including any amendme
[SO 23012042 Fest-codefor-machine-tools—Part—Geometricaccuracy-of- machines-ope
no-load or quasi-static conditions

ating under

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

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

3.1

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

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

surface brg
machining
linear cuttiy

Note 1 to ent]
and where th

3.2
broach
cutting tool

3.3

broaching machine

machine tod

3.4

vertical brgaching machine

broaching m

3.5
vertical suj
vertical brod
the workpie

4 Termi]

See Figure 1

A common

Figure 2. T}
Figure 1.

aching operation
rocess in which a broach (3.2) is pushed over an external surface to remove materi

g

ry: Principal cutting motion is a relative translation of broach against the non-rotating worky
e cutting energy is brought by the broach or workpiece motion.

that has multiple transverse cutting edges each with progressively increased size

| in which broaching operation is executed

achine (3.3) whose main cutting axis (Z-axis) s vertical

face type broaching machine
ching machine (3.4) in which its breach (3.2) is pushed or pulled over an external surf3
ce to remove material

hology and designatien of axes

| and Figure 2.

configuration of -NC vertical surface type broaching machines with A-axis is show
ne nomenclature for the structural components of the broaching machine are shov

al by

ieces

ce of

'm in
n in
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Key
English French
1 Hed bati
2 dolumn (Z-axis guideway) colonne (guidage axe Z)
3  saddle (Z-axis) guidage du coulisseau porte outil (axe Z)
4  Proach holder coulisseau porte-outil
5 dradle saddle (X'-axis) guidage du berceau (axe X")
6 rptary table saddte (Y’-axis) guidage de la table tournante (axe Y')
7  rptary table (€’-axis) table tournante (axe C')
8 gradle (B%axis) berceau (axe B’)
NOTH 1) Item 7, rotary table, can be called indexer.

NOTE 2  Forlanguages other than official ISO languages, see Table A.2.

Figure 1 — Typical example of a vertical surface type broaching machine

© IS0 2020 - All rights reserved 3
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Key
English French
1 A-axis axe A

NOTE Far languages other than official ISO languages, see Table A.3.

Figure 2 — Typical example of a vertical surface type broaching machine with A-axis

5 Preliminary remarks

5.1 Measjurément units

In this document, all linear dimensions, deviations, and corresponding tolerances are expressed
in millimetres; angular dimensions are expressed in degrees, and angular deviations and the
corresponding tolerances are expressed in ratios as the primary method, but in some cases,
microradians or arcseconds may be used for clarification purposes. Formula (1) should be used for
conversion of the units of angular deviations or tolerances:

0,010/1 000 = 10 prad ~ 2” 1)

5.2 Reference to the ISO 230 series
To apply this document, reference shall be made to ISO 230-1, especially for the installation of the

machine before testing, warming up of the moving components, description of measuring methods and
recommended uncertainty of testing equipment.

4 © IS0 2020 - All rights reserved
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Where the test concerned is in compliance with the specifications of ISO 230-1:2012, ISO 230-2:2014
or ISO 230-7:2015, a reference to the corresponding subclause in ISO 230-1:2012, ISO 230-2:2014 or
ISO 230-7:2015 is shown before the instructions in the "Observations" block of the tests described in
Clauses 6 to 8.

5.3

Testing sequence

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.

5.4
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Tests to be performed

h testing a vertical broaching machine, it is neither always necessary nor possible to
ests described in this document. When the tests are required for acceptanee/purposg
ser to choose, in agreement with the manufacturer/supplier, those tests relating to the
pr the properties of the machine which are of interest. These tests aré\te be clearly
Fing a machine. A simple reference to this document for the acceptéarnce tests, withou
ests to be carried out, and without agreement on the relevant expénses, cannot be c(
ng for any contracting party.

Tolerances and minimum tolerance

is document, all tolerance values (see ISO 230-1:201%2,'4.1) are guidelines. When they
ptance purposes other values can be agreed on between the user and the manufactu
equired/agreed tolerance values are to be clearly stated when ordering the machine.

h establishing the tolerance for a measuring length different from that given in th
[SO 230-1:2012, 4.1.2), it shall be taken into consideration that the minimum value off
b mm.

Measuring instruments

uring instruments indicated'in the tests described in Clauses 6 to 8 are examples
uments capable of measuring the same quantities and having the same, or a smaller, m

jonship between measurement uncertainties and the tolerances.

h a “dial gauge™isteferred to, it can mean not only dial test indicators (DTI) but any ty
acement senser” such as analogue or digital dial gauges, linear variable differential

Ts), linear\’scale displacement gauges, or non-contact sensors, when applicable

erned.

arlyawhen a "straightedge” is referred to, it can mean any type of straightness refere

Carry out all
s, itis up to
components
stated when
t specifying
nsidered as

are used for
Fer/supplier.

s document
tolerance is

only. Other
easurement

rtainty may be used., Reference shall be made to ISO 230-1:2012, 4.1.1, which ipdicates the

ype of linear
transformer
to the test

hce artefact,

as-a granite or ceramic or steel or cast iron straightedge, one arm of a square, on

p 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, optical instruments 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.

5.7

Diagrams

For reasons of simplicity, diagrams in this document illustrate only one type of broaching machine.

© ISO
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5.8 Software compensation

When built-in software facilities are available for compensating certain geometric deviations, their use
during these tests for acceptance purposes shall be based on an agreement between the user and the
manufacturer/supplier, with due consideration of the machine tool intended use. 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 shall not be locked for test purposes.

5.9 Axes not under test

During the execution of some geometric tests on one axis of motion, the position of the other axes, not
under test, (tnay affect the results. Therefore, the positions of these axes, as well as the offsets-oh the
tool side and on the workpiece side, are to be stated in the test report.

All measurgments shall be done while all unused axes are clamped unless software compénsation is
applied.

6 © IS0 2020 - All rights reserved
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6 Geometric tests

6.1 Straightness errors of linear motions

Object G1

Checking of straightness error of the X-axis motion in the XY plane (Eyy).

Diagram
e I | N\ y
Ti=] = =] 8 X X
\ R
\ Y'
|/
FEEEECEEERE)
P,
Tolgrance

0,030 for a measuring length of 300

Measured error

Medsuring instruments
Strajghtedge and dial gauge; or

Optical methods.
Obsprvations and referencesto'1SO 230-1:2012, 8.2 and 8.2.2

For this test, the straightedge’or the straightness reflector shall be placed on the table.

Methods based on measurements of angles (ISO 230-1:2012, 12.1.3) shall not be applied as|these
methods are restrictedto measurements of functional surfaces.

Meapurements shall’be carried out on at least six positions along the travel, in both directipns of mo-
tion| with equally spaced steps.

© IS0 2020 - All rights reserved 7
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6.2 Squareness/Parallelism errors between linear/rotary motions

Object G2
Checking of squareness error of the X-axis motion to the Z-axis motion Egy7)x-
Diagram

N Sl
NOTE Thig test can be executed while the rotary table isshot mounted on the rotary table saddle.
Tolerance
0,130/1 000 (0,040/300) or 26"

Measured prror

Measuring

Straightedge or surface plate, squake’and dial gauge.

instruments

Try to make
gauge touch

Observatigns and referenceste4S0 230-1:2012, 10.3 and 10.3.2

Set the strajghtedge or the sutface plate along the X-axis movement. Place a square on the straightefge.

sidered in the measurement. After this adjustment, apply the dial gauge to the straightedge, whilg
orientation|of jts\Stylus is in the Z-direction and the dial gauge is moved along X-axis and record the
readings of|the,dial gauge.

measuringside of the square parallel to Z-axis by having the same readings of the digl
ing the square at two ends of the stroke of Z-axis or the lack of parallelism shall be con-

the X-axis.

The measured squareness error is the ratio between the reading and the travelled distance along

NOTE The direction of Z-axis motion is stated in the test result.

© IS0 2020 - All rights reserved
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Object G3

Checking of squareness error of the Y-axis motion to the Z-axis motion E, 7yy-

Diagram

T ————= Hi— |

NOTE This test can be executed while the rotary table is net mounted on the rotary table|saddle.

Toldrance

0,1300/1 000 (0,040/300) or 26"
Measured error

Measuring instruments

Strajghtedge or surface plate, squaré and dial gauge.
Obsprvations and references to.JSO 230-1:2012, 10.3 and 10.3.2

Set fhe straightedge or the surface plate along the Y-axis movement. Place a square on the stfraightedge.

Try to make measuring side of the square parallel to Z-axis by having the same readings of{ the dial
gauge touching the squane at two ends of the stroke of Z-axis or the lack of parallelism shall be con-
sidered in the measurement. After this adjustment, apply the dial gauge to the straightedgg, while
orieptation of itsstylus is in the Z-direction and the dial gauge is moved along Y-axis and rgcord the
readings of theidial gauge.

The|measured’squareness error is the ratio between the reading and the travelled distan¢e along
the Y-axis,

NOT|E- The direction of Z-axis motion is stated in the test result.

© IS0 2020 - All rights reserved 9
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Set a straig
be considen

Apply the s
measure cl

Move the Y-
ured squars

ed in the measurement.

se to one end of the squaressuirface and zero the dial gauge.

Object G4
Checking of squareness error of the Y-axis motion to X-axis motion E¢(gxyy-
Diagram
1 g
X' X
\\by v
Ll

l / O§

‘('\ ON 000000 O‘
Tolerance
0,165/1 000 (0,050/300) or 33"
Measured prror
Measuring instruments
Straightedge, square and dial gauge
Observatigns and references to ISO 230-1:2012, 10.3 and 10.3.2

htedge on the table and align its side.parallel to the X-axis, or the lack of parallelism shpll
fylus of the dial gauge to the square, measuring in the X-direction. Position the Y-axis tp

hxis to measure close to(the’other end of the square surface and note the reading. The mleas-
ness error is the ratio between the reading and the travelled distance along the Y-axis.

10
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Object G5

Checking of parallelism error of the Z-axis motion to the C'-axis of rotation:
a) inthe vertical YZ plane, Ep(oz)c;

b) in the vertical ZX plane, Eggzyc-

Diagram
a) b)
Z Z
Y y X X
-+ - —-—- _‘ -t
7 I |
I |
|
= |
(x| (x|
| I —

Tolgrance
For @) 0,100/1 000 (0,030/300) or 20"

Forb) 0,165/1 000 (0,050/300) or 33"
Measured error

a) | b)
Medsuring instruments

Cylipdrical square and dial gauge
Obsprvations and referencesto I1SO 230-1:2012, 3.6.4, 10.1.4 and 10.1.4.3
1) [Fixa cylindrical squdre on the rotary table and centre it approximately on the axis of jjotation.

2) [Fix the dial gauge-with the stylus oriented in the Y-axis direction for a) and X-axis direction for b).

3) [Touch the ¢ylindrical square by the stylus, close to the cylinder bottom, and find the maximum
reading by, making small movements along the X-axis for a) and along Y-axis for b). Zero the
dial gauge.

4) [Move the saddle away from the table along the Z-axis and touch the cylinder close to itjs top. Note
1o Ly A ra it 11 £l oo 1 11 - pa 1. 1o 11 £ 1 h X H
IICT L dAIS I dV{Tl lCllsLll. I'ITIU UIIT TTIdATITITUTIIT 1 Cau1115 Uy 1ua1\1us S111All ITIUVTITITIILS axqu, t e -axl1s

for a) and along Y-axis for b) and note the new reading.

5) Turn the table by 180° and repeat steps 3) and 4).

6) For both measurements, a) and b), the average value (half the algebraic sum) of the two readings
on top of the cylinder, divided by the Z-axis travel length, is the deviation to be reported.

NOTE The measurement b) can be affected by Egg at B=0.

© IS0 2020 - All rights reserved 11
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Object G6

Checking of parallelism error of the Y-axis motion to the B'-axis of rotation:
a) inthe vertical YZ plane, Epop)y;

b) in the horizontal XY plane, gcopyy-

Diagram
a)
atB=-6 atB=+6

12 © IS0 2020 - All rights reserved
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Tolgrance
For a) and b)

0,160/1 000 (0,040/250) or 32"
Measured error

a) | b)
Measuring instruments

Square and dial gauge
Obsprvations and references to ISO 230-1:2012, 3.6.4, 10.1.4 and 10.1.4.3

1) [Fix a square (or strdightedge) to the broach holder or saddle of Z-axis and align the long side of
Square approxinyately parallel to the Y-axis motion in two vertical YZ and horizontal X[Y planes.

2) [Rotate theB-axis to its maximum travel in positive direction (+8). Set a dial gauge on the table
and let the)dial gauge touch the bottom-face of the square in vertical YZ plane. By movjng
Y-axis, ¥ead the dial gauge variations at measurement distance L and record 4a as the flifference
betwéen the dial gauge readings divided by the distance L[Aa = (a, - a;)/L].

© IS0 2020 - All rights reserved 13


https://standardsiso.com/api/?name=a6d2b8a63c16d2547b11915fcf27b624

ISO 19744:2020(E)

3) Similarly, set the dial gauge on the table and let the dial gauge touch the side-face of the square
in the horizontal XY plane and record Ab.

VA .

Ab

—

|

|

| |
s |
|

|

+6 |

4) Rotate the B-axis to - 6 position and repeat step 2 and step 3 in ofder to determine Ac and Ad|for
vertical YZ and horizontal XY planes respectively.
Z

Ad

Ac

14 © IS0 2020 - All rights reserved
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5) Parallelism error in both vertical YZ and horizontal XY planes is as follows:
Epopyy = (Aa - Ac)/[2 x sin(6)]
Eciopyy = (Ab - Ad)/[2 x sin(6)]
where
Ej(op)y: Parallelism error of Y-axis to B-axis in vertical YZ plane;
E¢(op)y: Parallelism error of Y-axis to B-axis in horizontal XY plane;

Aa: difference of dial gauge readings divided by their distance (L) in vertical YZ plane
at +0 angle of B-axis;

14

Ab: difference of dial gauge readings divided by their distance (L) in horizontal XY plan¢
at +0 angle of B-axis;

>

c: difference of dial gauge readings divided by their distance (L) in vertical YZ)plane
at -0 angle of B-axis;

>

174

d: difference of dial gauge readings divided by their distance (L) in horizontal XY plan¢
at -0 angle of B-axis;

D

: angle of B-axis in which the measurements are implemented.
NOTE 1 This test can be done by laser tracker.

NOTE 2 The setup of G8 can also be used for this test.

NOTE 3 At small angles of 6, measurement uncertainty in€reases.

© IS0 2020 - All rights reserved 15


https://standardsiso.com/api/?name=a6d2b8a63c16d2547b11915fcf27b624

ISO 19744:2020(E)

6.3 Table and work holding rotary axis

Object G7

Checking of:

a) run-out of the centring hole of the rotary table;

b) face error motion of the rotary table surface.
Diagram

Tolerance
For a) and i) 0,010 for table diameter up to 750

0,020 for table diameter larger than.750
Measured error

a) b)
Measuring instruments

a) Dial gauge b) Gauge blocks-and dial gauge
Observatigns and references t0'1S0 230-1:2012, 12.5.2 and 12.5.2.3 (see also ISO 230-7)

For a)

Set the stylis of the dial,gauge in the same plane with the axis of the centring hole and as near as
possible to the table suxface.

Rotate the table and.record the difference between the maximum and the minimum readings at sin-
gle positions of therotary table while the table is clamped.

For b)

The radius R shall be as large as possible. Test b) can also be carried out without continuous contact
between stylus and table surface, by using an intermediate gauge block and measuring in discrete
positions (e.g. 8 points at 45° steps). Record the difference between the maximum and the minimum
readings.

Different effects of tilt error motions, E,¢ and Eg, shall be mentioned for this test.
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Object G8

Checking of radial error motion of the B’-axis

Diagram

Lo
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Tolarance

0,040 over the whole stroke of B'-axis
Measured error

Measuring instruments

Testimandrel and dial gauge
Observations and references to S0 230-1:2012, 12.5.3 (see also ISO 230-7)

Attach a test mandrel to the-breach holder or saddle of Z-axis at the centre of rotation of B'taxis while
the ¢entre line of the mandrel'is parallel to the direction of Y-axis. For finding the centre of B-axis of
rotation, follow the instruction of the machine manufacturer. Errors in the position of the fest man-
drellin relation to thecentre of B'-axis of rotation can influence the test result.

Set he base of dial'\gauge on the table surface and let its stylus touch the test mandrel. Rotate the cra-
dle IF its whole\stroke and record the difference between the maximum and the minimum|readings of
the glial gauge.
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6.4 Broach holder

Object G9

Checking equidistance of a reference point between Z-axis motion and reference surface of the saddle
of broach holder in X direction at different positions of Z-axis.

Diagram

Tolerance
Local tolergnce: 0,020 over-a-measuring length of 1 000

Total tolerance: 0,030
Measured prror

Measuring inStruments

Dial gauge
Observations and references to ISO 230-1:2012, 12.3.2.5.1

Move the Z-axis to its upper position. Fix the dial gauge on the table with the stylus oriented in the
X-axis direction.

Touch the reference surfaces by the stylus. Zero the dial gauge. Measurements should be carried out at
least at four points per meter equally spaced. Traverse the Z-axis from one measurement position to
the following. At each measurement position, note the readings. Range of readings is to be reported.

The distance between reference point of Z-axis and the table shall be stated in the test report.
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Object G10

Checking equidistance of a reference point between Z-axis motion and reference surface of the saddle
of broach holder in Y direction at different positions of Z-axis.

Diagram

Tolgrance
Locql tolerance:0,020 over a length of 1 000 along Z-axis

Totdl tolerance: 0,030
Measurederror

Measuring instruments
Dial gauge
Observations and references to 1SO 230-1:2012, 12.3.2.5.1

Move the Z-axis to its upper position. Fix the dial gauge on the table with the stylus oriented in the
Y-axis direction.

Touch the reference surfaces by the stylus. Zero the dial gauge. Move the X-axis along the cross sec-
tion of the reference surface. Measurements should be carried out at least at four points per metre
equally spaced along the Z-axis. Traverse the Z-axis from one measurement position to the following.
At each measurement position note the readings. The range of all readings is the error to be reported.

The distance between reference point of Z-axis and the table shall be stated in the test report.
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Object
Checking of parallelism error of the reference surface of broach holder to Z-axis movement:

a) in the vertical ZX plane;

b) in the vertical YZ plane.

G11

a)

Diagram

N

~

AX

5

Top views of the test

Tolerance
For a) and h)

Local tolerdnce: 0,025%ver a measuring length of 1 000

Total tolerance: 0,050

a)

Measured prror

b)

Dial gauge

Measuring instruments

20
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Observations and references to I1SO 230-1:2012, 12.3.2.5.1

Move the Z-axis to its upper position. Fix the dial gauge on the table with the stylus oriented in the
X-axis direction for a) and Y-axis direction for b).

Touch the reference surfaces of broach holder by the stylus. Zero the dial gauge. Measurements
should be carried out at least at four points per metre equally spaced. Traverse the Z-axis from one
measurement position to the following.

At each measurement position, note the readings.

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

. £ 1 P 3 3 31 1
The ISI1S O UIC PdI'dlICIISIIT CTTOIS I DOUT PIalIes Slidll DE T'eporied.

© IS0 2020 - All rights reserved

21


https://standardsiso.com/api/?name=a6d2b8a63c16d2547b11915fcf27b624

ISO 19744:2020(E)

Object G12

Checking of variation of equidistance of the reference surface of broach holder motion over a dis-
tance of 100:

a) inthe vertical YZ plane;

b) in the vertical ZX plane.

Diagram
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Top views of the test
Tolerance
For a) and h)
0,010 at the distance of 100 between two reference points
Measured prror
a) b)
Measuring instruments
Dial gauges
Observatigns-and references to ISO 230-1:2012, 3.4.16 and 8.4, 8.4.2
Set two dia galiges an the table and let their nylnc touch the reference surface of the broach holder

in YZ and ZX planes for a) and b) respectively. The distance between stylus of dial gauges shall be set
100 apart from each other. Zero both dial gauges and move the Z-axis in front of dial gauges. Record
the maximum and minimum readings of the dial gauges in the whole stroke of Z-axis. The range of
differences between two simultaneous readings is the test result.

To determine position (distance from table surface) of dial gauges, it is highly recommended to imple-
ment this test in the cutting area same as broached slots on real pieces.

NOTE Results of G11 can be derived from this test.
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Object G13
Checking of repeatability of broach holders change.
Diagram
Y
—;3—;3—5\ X X
Sool [ ]
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Top view of the test

NN

Tolgrance

0,030
Measured error

Measuring instruments
Dial|gauge
Obsprvations

Fix fwo dial gauges on the table so that they contact the reference surfaces of the broach hglder. Zero
the dlial gauges. Mavethe Z-axis to clear off the dial gauges reading while X-axis and Y-axis|are locked.
Unldad and then‘load again the same broach holder under an automatic cycle. Move back the Z-axis

to the same position as before in order to contact the dial gauges to the reference surfaces jpgain and
recqrd the«eadings.

Repeatthe cycle three times. The dial gauges should be set to zero at the start of the test. The devia-
tion|isthe maximum difference between all sets of readings.

© IS0 2020 - All rights reserved 23


https://standardsiso.com/api/?name=a6d2b8a63c16d2547b11915fcf27b624

ISO 19744:2020(E)

Object

Checking the error of a batch of broach holders positioning along X and Y directions.

G14

Diagram

————— m] M
°°° U‘ A
oo H . D

Top view of the test

A4 U RN

Tolerance
0,050

Measured prror

Dial gauge

Measuring instruments

Fix two dia

Observatiqns

ers. Zero the dial gauges. Move-the Z-axis to clear off the dial gauges reading while X-axis and Y-axis
are locked. Unload the broagh*holder and then load the other broach holders one after other under an
automatic dycle. Move baek'the Z-axis to the same position as before in order to contact the dial gqug-
es to the reference surfaces again and record the readings.

The maximpm diffefence of all dial gauge readings is the error of broach holders positioning.

—

gauges on the table so that they contact the reference surfaces of one of the broach hqld-

24
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In performing the tests, reference should be made to ISO 230-2, especially for the environmental
conditions, warming up of the machine, measuring methods, evaluation, and interpretation of the

results.

7.1 Positioning of numerically controlled linear axes

Object P1
Checking of accuracy and repeatability of positioning of X-axis, Eyy.
Diagram
o I
\ A
N \\
v viiRE
C N
™ smdl
1/'
Key
1 Igser head
2 interferometer
3 retro reflector
Measured
Tolgrance For the whole stroke|  deviation
Bi-djrectional pésitioning accuracy of X-axis? Exxa 0,040
Unidirectionalpositioning repeatability of X-axis Exx r Exxre 0,010
Bi-djrectional positioning repeatability of X-axis? Exxr 0,021
Meapteversal error of X-axis Exx,§ 0,015
Bi-directional systematic positioning error of X-axis?  |Eyypg 0,035
Mean bi-directional positioning error of X-axis? Exx M 0,020

a Can provide a basis for machine acceptance.

Measuring instruments

Laser measurement equipment or linear scale

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

Observations and references to I1SO 230-2:2014, Clause 3, 5.3.2 and 5.3.3

The linear scale or the beam of laser measurement equipment shall be set parallel to the travelling
axis. Positioning feed speed shall be agreed between manufacturer/supplier and user.

© IS0 2020 - All rights reserved
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2 interferd

Object
Checking of accuracy and repeatability of positioning of Y-axis, Eyy.
Diagram
3
/ Y
L X | 3
\\2 NZ!
D I sl
—
Key
1 laser hed

Laser meas

lirement equipment or linear scale

3 retro ref]
Measured
Tolerance For the whole stroke|  deviatiop
Unidirectiopal positioning accuracy of Y-axis? Eyyar Eyyay 0,012
Bi—directi01|1a1 positioning accuracy of Y-axi§ Eyya 0,018
Unidirectiohal positioning repeatabilityof Y-axis? Eyyrp Eyyri 0,008
Bi-directional positioning repeatability of Y-axis Eyyr 0,012
Mean revergal error of Y-axis Evg 0,005
Unidirectiopal systematic positioning error of Y-axis?  |Eyygp Eyyg, 0,010
Bi-directiopal systematic positioning error of Y-axis Eyyg 0,015
Mean bi-directional pesitioning error of Y-axis Eyym 0,010
a Can provjide a basis/for machine acceptance.
Measuring instraiments

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

The linear scale or the beam of laser measurement equipment shall be set parallel to the travelling
axis. Positioning feed speed shall be agreed between manufacturer/supplier and user.

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

26
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7.2 Positioning of numerically controlled rotary axes
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Tole
and

user.

Object P3
Checking of accuracy and repeatability of positioning of C-axis, E¢.
Diagram
Y
X' ‘ X
’
Key
1 aptocollimator
2 optical polygon
Mpasured
Tolgrance For 360° deviation
Unidirectional positioning accuracy of C-axis? Eccan Eccal 8”
Bi-djrectional positioning accuracy of C-axis Ecca 127
Unidirectional positioning repeatability-of C-axis? EccrvEccry 4"
Bi-djrectional positioning repeatability of C-axis Eccr 8”
Meah reversal error of C-axis E.5 4”
Unidirectional systematic ppsitioning error of C-axis? |Ecc gy Eccpy 6"
Bi-djrectional systemati¢’ppsitioning error of C-axis Ecck 9”
Meap bi-directional positioning error of C-axis Eccm 6"
2 Can provide a besis for machine acceptance.

Fance for tables with diameter less than 350 should be agreed between supplier/manufacturer

Mea

suring-instruments

Opticalpolygon and autocollimator, or laser measuring equipment, or rotary encoder

urin

g rotary position.

Observations and references to I1ISO 230-2:2014, Clause 3, 5.3.4 and 5.3.5

Fix the autocollimator in a proper position e.g. on the broach holder of the machine and fix the optical
polygon near to the centre of the rotary table in alignment with the autocollimator at the first meas-

If the movement of the rotary table does not cause any movement between the ram and a fixed part
of the machine tool, the autocollimator may be fixed on the fixed part of the machine too], e.g. on the
machine bed.

Target positions shall be agreed between manufacturer/supplier and user.

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

© ISO

2020 - All rights reserved
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Swivelling {

Rotary enc

ingle measufing device; or

der and{pendulum.

Object P4
Checking of accuracy and repeatability of positioning of B'-axis, Egp.
Diagram
Z
X | X
7
I i
Key
1 swivellig angle measuring device
Measured
Tolerance For the whole stroke| deviatiop
Unidirectiopal positioning accuracy of B-axis? Eggat Egpal 16"
Bi-directior|1a1 positioning accuracy of B-axis BBB A 25"
Unidirectiohal positioning repeatability of B-axis? Egpr1; EBBRL 10"
Bi-directional positioning repeatability of B-axis Egpr 15”
Mean revergal error of B-axis Egps 5"
Unidirectiopal systematic positioning error of B-axis? |Egg gy; Egg gy 14”
Bi-directiofal systematic positioningeryor of B-axis Eggg 20"
Mean bi-directional positioning erraor of B-axis? Egg M 15”
a Can provjide a basis for machine acceptance.
Measuring instruments

Observatid

Target posi

ns andreferences to ISO 230-2:2014, Clause 3, 5.3.4 and 5.3.5
Fions shall be selected according to ISO 230-2:2014, Table 1.

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

NOTE For more information about swivelling angle measuring device, refer to ISO/TR 230-
11:2018,12.4.2

28
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8 Machining tests

Because of the diversity of shape of components produced by NC vertical surface type broaching
machines, details of the machining tests shall be agreed between the manufacturer/supplier and the
user. The following information should be stated in the agreement and final test result:

— test piece (e.g. material, dimensions);
— broach (e.g. material, geometry, tooling and sharpening process);

— broaching conditions (e.g. cutting speed, coolant, fixturing);

— geometry of broached features (e.g. technical drawing, dimensions, tolerance);

— 1Ineasuring instrument for checking the accuracy of the finished test pieee.(e.g{ resolution,
ncertainty).

Anngx B shows recommended shapes of slots and explains other details of machining conditions.
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Annex A
(informative)

Terms in other languages

See Tables A.1, A.2 and A.3.

Tlable A.1 — Terms in other than official ISO languages for Terms in Clause 3

Reference Italian Persian
3.1 operazione di brocciatura esterna R SO il
3.2 broccia (U=) SO )
3.3 brocciatrice SO il
3.4 brocciatrice verticale ©asee ASOA[ile
3.5 brocciatrice verticale per esterni b (53 e ESHA] il
Table A.2 — Terms in other than official ISO languages for Figure 1
Item number Italian Persian
1 basamento BN
2 montante (guida dell’asse Z) (Zose 2 938) s
3 slitta verticale (asse Z) (Zos~s) {2588
4 porta-broccia (O )12e%3) L&)l
5 slitta della culla (asse X’) (X osne) o) 568 [ 98
6 slitta della tavola girevole (asseY’) (Y os2a) St e {938
7 tavola girevole (asse C’) (Cose) S osnae
8 culla (asse B’) (B’Ls>) 1) 58
Table A.3 — Terimms.in other than official ISO languages for Figure 2
Item number Italian Persian
1 asse A' ). BE

30
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Annex B
(informative)

Recommended tests for surface broaching operation

This annex proposes two machining tests, M1 and M2.

Object | M1

Che¢king the cutting performance of machine under broaching condition at different(C!-ax}s of rota-
tionjand B'=0.

Raw test piece and its dimensions

A test piece is used with circular outer curves. Nominal radius of the circulararc (R) shall pe selected
accdrding to desirable diameters of real turbine disks and shall be agreedbetween user arj]d manu-
factyirer/supplier.

Diagram and machining shape

The|schematic geometry of brioached grooves is head-and-shoulder and shown below. All nominal
dimensions of slots shall be'agreed between user and manufacturer/supplier.

7
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Key

5 © 1
2

g0
10°
co
0°
90°
18¢°

© 2700

3600

O

1 holes for{positioning the test piece

2 holes forfixing the test piece

Overview 0|

A simple H{
is recomme

ff the part after machining is shown below:

Broach (cutting tool)

nded for normal applications.

S slot broach with a rake angle of 15° clearance angle of 4° and rise per tooth of 0,05 mm

32
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The schematic diagram of the mentioned broach and its details are shown below:

Key
1 fifrst tool segment: depth cutter
2 se¢cond tool segment: depth cutter

3 third tool segment: finishing broach

Tooling and recommended sharpening process

Befdre starting broaching operation, the broach should be sharpened according to tool mapufacturer/
supplier instruction.

Machining condition, fixturing and procedure of broaching in different positions of indexing

There are some p@sitioning holes existing in the fixture for inserting positioning pins. The|rotary
table (C’-axis) issset to a certain angle position, e.g. to 0°. The positioning pin is inserted intp its dedi-
catefd positigning hole and the screws are tightened. Then the slot is machined at C’=0°.

Afterwards; the rotary table (C’-axis) is rotated to the next position, e.g. 90°. The fixture isfunscrewed
and fretated manually backwards to the machining position. The positioning pin is inserted again

to its-dedicated-hole-and-the ews-are-tightered—Thenthere etearbemachined—ByShifting
the position of the positioning pin for some angle degrees, the next slot will be machined besides the
existing slots.

The same procedure is executed for desired angles e.g. 0°, 90°, 180°, 270° and 360°.
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Overview of positioning and clamping of the test piece on the rotary table is shown below.

Key
1 testpiec

D

2 fixture
3 base plate
4 rotary tgble (indexer)

Details of ppsitioning and clamping of the test pieeé.and its fixture are seen below:

Key
positioning holes
screws for clamping the fixture to the base plate

central hole of the fixture and c’-axis of rotation

B N -

screws for clamping the base plate to the rotary table
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The following schematic diagram show the procedure of setting the fixture with the test piece for the
machining of the slots.

Angle of C’-axis: 360°
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