INTERNATIONAL 1ISO
STANDARD 3070-4

Second edition
1998-03-15

Test conditions for boring andimilling
machines with horizontal spindle — Testing
of the accuracy —

Part 4.
Planer type machines with movable column

Conditions d'essai des._machines a aléser et a fraiser, a broche
horizontale — Contréle de la précision —

Partie 4: Machines, a montant mobile et bancs en croix

\@/ Reference number

ISO 3070-4:1998(E)


https://standardsiso.com/api/?name=1427cc921b901d27526ce9bfd953f41b

ISO 3074-4:1998(E)

Contents Page
1 1
2 1
3 2
4 2
2
2
2
2
3
3
3
S 4
4
10
12
15
18
23
24
5.8 Intggral facing head ..........cccoeeveeiiiiionc Gt 27
5.9 Stgady block ........eevveeiiiiiee e e, 31
MacChiMING ESIS ..o B e 32
7 Checking of accuracy and repeatability of positioning by
numer|cal CoNtrol ........cccceevveeee l 3, 35
Annex
A BIibliography ........coomsodeeiiiiiii e 41
© 1S0 1998

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced
or utilized in any form or by any means, electronic or mechanical, including photocopying and
microfilm, without permission in writing from the publisher.

International Organization for Standardization
Case postale 56 « CH-1211 Geneve 20 * Switzerland

Internet
X.400

central@iso.ch
c=ch; a=400net; p=iso; o=isocs; s=central

Printed in Switzerland



https://standardsiso.com/api/?name=1427cc921b901d27526ce9bfd953f41b

©1S0O

Eoreword

ISO 3070-4:1998(E)

ISO (the International Organization for Standardization).’s

federation of national standards bodies (ISO member bodies).
preparing International Standards is normally carriéd out

technical committees. Each member body interested in a subj
a technical committee has been established has the right to be
on that committee. International organizations, government
governmental, in liaison with 1SO, alsp;-take part in the

collaborates closely with the International Electrotechnical

(IEC) on all matters of electrotechnical standardization.

Draft International Standardsadopted by the technical con
circulated to the member bodies for voting. Publication as an
Standard requires approvalby at least 75% of the member bg
a vote.

International Standard 1ISO 3070-4 was prepared by Technic3
ISO/TC 39, Machine Tools, Subcommittee SC 2, Test conditid
cutting machine tools.

This.~ssecond edition cancels and replaces the f

(1ISO-3070-3:1982) which has been technically revised.
ISO 3070 consists of the following parts, under the gener
conditions for boring and milling machines with horizonta
Testing of the accuracy.

Part 0: General introduction
(to become part 1 on its next revision)

Part 2: Table-type machines
(formerly part 1)

Part 3: Floor type machines with detached work-holdin

a worldwide
The work of
hrough 1SO
ect for which
represented
al and non-
work. 1SO
Commission

mittees are
International
dies casting

| Committee
bns for metal

edition

rst

al title Test
)/ spindle —

fixed table

(formely part 2)

Part 4: Planer type machines with movable column
(formerly part 3)

Annex A of this part of ISO 3070 is for information only.
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Test conditions for boring and milling machines with horizontal
spindle—TFesting-ef-the-aceuracy

Part 4]

Planer type machines with movable column

1 S¢ope

This parf of ISO 3070 specifies, with reference to ISO 230-1 and ISO 230-2, geometric tests| machining
tests and tests for checking accuracy and repeatability of p@sitioning by numerical control,|on general
purpose,| normal accuracy, planer type horizontal spindle boring and milling machines with movable
column. [ These types of machine tool are defined in subclauses 3.2 and 3.3 of ISO 3070-0[1982. This

part of IS

These m
figures:

of ISO 3

In additid
the table
column 4

This part
to the tes
nor to m
before te

O 3070 also specifies the applicable toleranges corresponding to the above mention
achines can be provided with spindle heads of different types corresponding in mo

4 (spindle head with sliding boring spindle and milling spindle)

5 (spindle head with(sliding boring spindle and with facing head)
6 (spindle head with.ram or milling ram)

D70-0:1982.

n, it should be notedithat this part of ISO 3070 concerns machines which have m
along the X-axis, (@vertical movement of the spindle head along the Y-axis, a move|
long the W-axis-and may include a rotary or indexing table.

of ISO 3070 deals only with the verification of the accuracy of the machine. It doe
ting of the machine operation (vibration, abnormal noise, stick-slip motion of compg
achine Characteristics (such as speeds, feeds, etc.), as such checks are generally
sting, the accuracy.

ed tests.

St cases to

ovement of
ment of the

s not apply
nents, etc.)
carried out

2

Normative references

The following standards contain provisions which, through reference in this text, constitute provisions of
this part of 1ISO 3070. At the time of publication, the editions indicated were valid. All standards are
subject to revision, and parties to agreements based on this part of ISO 3070 are encouraged to
investigate the possibility of applying the most recent editions of the standards indicated below.

Members of IEC and ISO maintain registers of currently valid International Standards.

ISO 230-1:1996, Test code for machine tools — Part 1. Geometric accuracy of machines operating
under no-load or finishing conditions.
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ISO 230-2:1997, Test code for machine tools — Part 2: Determination of accuracy and repeatability of

positioning

of numerically controlled axes.

ISO 1101:— 2), Geometrical Product Specifications (GPS) — Geometrical tolerancing — Generalities,

definitions,

symbols, indication on drawings.

ISO 3070-0:19823), Test conditions for boring and milling machines with horizontal spindle — Testing of

ressed in
and the
e cases
following

llation of
ription of

followed

ned is in

practical
may be

accuracy — Part 0: General introduction.
3 Terminology and designation of axes
See ISO 3(70-0.
4 Preliminary remarks
4.1  Meapuring units
In this part jof ISO 3070, all linear dimensions, deviations and corresponding telerances are exp
millimeters] angular dimensions are expressed in degrees, and angular deviations
corresponding tolerances are expressed in ratios as the primary ¢method, but in som
microradians or arcseconds may be used for clarification purposes., The equivalence of the
expressiong should always be kept in mind:

0,010/1 000 = 10 x 10 = 10 prad = 2”
4.2 Refdrence to ISO 230-1
To apply this part of ISO 3070, reference shall be made to ISO 230-1, especially for the insta
the machine before testing, warming up of the spindle and other moving components, desc
measuring methods and recommended accuracyof testing equipment.
In the «Obgervations» block of the tests déscribed in the following sections, the instructions are
by a refer¢nce to the corresponding «clause in 1ISO 230-1 in cases where the test concer
compliancg with the specifications of-that part of ISO 230.
4.3 Test|ng sequence
The sequepce in which thé-tests are presented in this part of ISO 3070 in no way defines the
order of tgsting. In order to make the mounting of instruments or gauging easier, tests
performed |n any ordet:
4.4  Testp to heperformed
When testing a machine, it 15 not atways necessary nor possibie to carry out atf the tests de

cribed in

this part of ISO 3070. When the tests are required for acceptance purposes, it is up to the user to
choose, in agreement with the supplier/manufacturer, those tests relating to the components and/or the
properties of the machine which are of interest. These tests are to be clearly stated when ordering a
machine. The mere reference to this part of ISO 3070 for the acceptance 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.

1) To be published. (Revision of ISO 230-2:1988)
2) To be published. (Revision of ISO 1101:1983)
3) See “Foreword”.
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4.5 Measuring instruments

The measuring instruments indicated in the tests described in the following sections are examples only.
Other instruments measuring the same quantities and having at least the same accuracy may be used.
Dial gauges shall have a resolution of 0,001 mm or better.

4.6  Machining tests

Machining tests shall be made with finishing cuts only, not with roughing cuts which are liable to
generate appreciable cutting forces.

47  Minimum tolerance

When the tolerance for a geometric test is established for a measuring length_different from that given in
this part| of ISO 3070 (See 2.311 of ISO 230-1:1996), it shall be taken.into consideratipn that the
minimunmn] value of tolerance is 0,005 mm.
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5 Geometric tests

5.1 Straightness and angular deviations of coordinate axes

Object G1

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

a) inthe YZ-plane (vertical plane)(EYW);
b) in the ZX-plane (horizontal plane)(EXW).

Diagram

P

P

(1) -
[oHemen |

al b)
Tolerance (Measured deviation )
a) and b)
0,02 for measuring)lengths up to 1 000 a) b)

0,03 for measuring lengths above 1 000

Local tolefance: 0,006 for any)measuring length of 300

Measurin g instruments

Straightedge, dial'gauge/support and gauge blocks or optical methods or microscope and tautjwire

Observations-andreferencesto1SO230-1 523211 523212 and 523213

OO

Table and spindle head locked. Set a straightedge on the table, parallel?) to the column movement
(W-axis) for a) vertically and b) horizontally.

If the spindle can be locked, mount a dial gauge on it. If the spindle can not be locked, the dial
gauge shall be mounted on the head. The stylus shall be normal to the reference face of the
straightedge.

Traverse the column in the W-direction and note readings.

1) Parallel means that the readings of the dial gauge touching the straightedge at both ends of the movement are the
same value and in this case, the maximum difference of the readings gives the straightness deviation.
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Object G2

Checking of angular deviations of the column movement (W-axis):

a) inthe YZ-plane (EAW : pitch);
b) in the XY-plane (ECW : roll);
c) inthe ZX-plane (EBW : yaw).

Diagram

s ko || a -
I

Mirror and autocollimator

Tolerance (Measured devjation )
a), b) andc)

0,04/1 8OO
Local tglerance: 0,02/1 000 for any measuring length of 300

a) b) ¢)

Measurjng instruments

a) Precision level or optical @angular deviation measuring instruments
b) Precision level
c¢) Optidal angular deviation measuring instruments

Observations andreferences to ISO 230-1 5.231.3 and 5.232.2
The levgl or insttument shall be placed on the movable component:

a) (EAW:<pitch) in the Z-axis direction (set vertically)
b) (ECW: roll) in the X-axis direction (set vertically)
¢) (EBWryaw)inthe Z-axis direction (et horizontatly)

The reference level shall be located on the table, and the spindle head shall be in the middle of the
travel range.

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

Measurements shall be carried out at a minimum of five positions equally spaced along the travel in
both directions of movement.

The difference between the maximum and the minimum readings shall not exceed the tolerance.
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Object

Checking

of straightness of the table movement (X-axis):

a) inthe XY-plane (vertical plane)(EYX);
b) in the ZX-plane (horizontal plane)(EZX).

G3

Diagram
N— N
0 0
(OHONONONONONO)
| I [ | I |
[ X
a) b)

Tolerance (Measured deviatjon)

a) and b)

0,02 for measuring lengths up to 1 000
Add 0,01 to the preceding tolerance for each 1 000 increase in length a) b)
beyond 1 p00
Maximum tolerance: 0,05

Local tolefance: 0,006 for.any measuring length of 300
Measurin g instrutments
Straightedgesdial gauge/support and gauge blocks or optical methods or microscope and tautiwire
Observatiomsand Teferences to SO 2301 5232711523271 2and5:232°13

Set a straightedge at the middle position of the table, parallel?) to the X-axis movement of the table

for a) vertically and b) horizontally.

If the spindle can be locked, mount a dial gauge on it. If the spindle cannot be locked, the dial
gauge shall be mounted on the head. The stylus shall be normal to the reference face of the

straighted

ge.

Traverse the table in the X-axis direction and note the readings.

1) Parallel means that the readings of the dial gauge touching the straightedge at both ends of the movement are the
same value and in this case, the maximum difference of the readings gives the straightness deviation.
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Object G4

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

a) inthe XY-plane (ECX: pitch);
b) inthe YZ-plane (EAX: roll);
c) inthe ZX-plane (EBX: yaw).

Diagram
c) Mirror and autocollimator
e
i
a)
| )
+ X/
Tolefance (Measured de¢viation )
a), b) and ¢)
X <4000 0,04/1 000 a) b) C)
X >4 000 0,06/1000
Locd| tolerance: 0,02/1 000.for any measuring length of 300
Measuring instruments
a) Precision level gr-optical angular deviation measuring instruments
b) Precision level
c) Optical angular deviation measuring instruments
Obsgrvations and references to 1ISO 230-1 5.231.3 and 5.232.2
The level or instrument shall be placed on the movable component:

a) (ECX: pitch) in the X-axis direction (set vertically)
b) (EAX: roll) in the Z-axis direction (set vertically)
c) (EBX: yaw) in the X-axis direction (set horizontally)

The reference level shall be located on the spindle head, and the spindle head shall be in the middle of the
travel range.

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

Measurements shall be carried out at a minimum of five positions equally spaced along the travel in both
directions of the movement.

The difference between the maximum and the minimum readings shall not exceed the tolerance.
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Object G5
Checking of straightness of the spindle head movement (Y-axis):
a) inthe YZ-plane (vertical plane containing the spindle axis)(EZY);
b) in the XY-plane (vertical plane square to the spindle axis)(EXY).
Diagram
A A
/ + Y
Wi
ire ()H— - I
— l % { l
Y
| S
| ]
% gl ) / i |
VA
/ e P
'\\'Jﬁ//’/ *)EHETW*/,/
T a) - b)
Tolerance (Measured deviatjon )
a)and b)
0,02 for any-measuring length of 1 000 a) b)
Add 0,01 to the precedingtolerance for each 1 000 increase in length up
to 4 000
Add 0,02 for each 1000 increase in length over 4 000
Measuring instruments
Microscoge-and taut-wire or optical methods
Observations and references to 1ISO 230-1 5.232.12 or 5.232.13
Carry out the test with the column and table locked, table in mid-travel.
The taut-wire shall be tightened between fixed parts independent of or integral with the machine,
and as near as possible to the vertical slideways of the column.
If the spindle can be locked, the microscope or the alignment telescope can be mounted on it. If the
spindle cannot be locked, the microscope shall be placed on the spindle head of the machine.
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Object G 6

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

a) inthe YZ-plane (EAY);
b) inthe ZX-plane (EBY).

Diagram

a) Pn
b) Cy

| < Z ]
% %
I
LoV 1]
a) b)
Tolefance (Measured (leviation )
a) and b)

X <4000 0,04/T000 a) b)

X > 4000 0;04/1000
Measuring instruments

Obsé

Mea
direc

a)

ecision level or optical angular‘deviation measuring instruments

lindrical square, level and dial\gauges/support arm

rvations and references, to1SO 230-1 5.231.3 and 5.232.2

surements shall be-carried out at a minimum of five positions equally spaced along the travel ip both

tions of up and.dewh movement.
Place a levelon the spindle head in the Z-axis direction.

The reférence level shall be located on the table, and the spindle head shall be in the middle|of the travel
range,

b)

The-difference between the maximum and the minimum readings shall not exceed the toIerTnce.

Place a cylindrical square on the surface plate so that it touches the stylus of the dial gauge mounted on
a special arm fixed to the spindle head.

Place level on the surface plate in Z-axis direction.
Note the readings at the measuring positions of the spindle head travel (Y-axis).
Move the table distance d and reset the dial gauge so that the stylus touches the cylindrical square.

When the level shows a change due to roll in table movement, adjust the level of surface to its starting
position and then note readings at the same measuring positions.

For each measuring position calculate the differences of two readings. The difference of maximum and
minimum divided by distance d then gives angular deviation.
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5.2. Squareness between the coordinate axes
Object G7
Checking of squareness between table movement (X-axis) and the column movement (W-axis).
Diagram
[ N
BX
a) b}
Tolerance (Measured deviatjon )
0,03 for any measuring length of<1 000

Measurin g instruments

Straightedge, square and dial gauge/Support

Observatipns and references t0)1SO 230-1 5.522.4

Spindle head locked in mid-travel.

a) Align the straightedge parallelV) to the column movement (W-axis);

b) then pressithe square against it. Column shall then be locked in mid-travel.

If the Sp|n dle‘canbe Inr‘llnd mount-the dial gadge-on it—lfthe cn!nd!n cannotbe Inr‘lznrl the dinl
gauge shall be mounted on the head. The stylus shall be normal to the reference face of the
square.

Move the table in X-direction and note readings.

1) Parallel means that the readings of the dial gauge touching the straightedge at both ends of the movement are the
same value.

10
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Object G 8

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

a) the table movement (X-axis);
b) the column movement (W-axis).

Diagram
+Y
‘ +Y
‘ - =+ W
LNT Z ] }
I
a) b)
Tolerance (Measured (leviation )
a) and b)
0,03 for any measuring length of 1 000 a) b)
Meafsurin g instruments
Cylipdrical square, surface plate, adjustable blocks and dial gauge/support
Obsegrvations and references to 1ISO 230-1 5.522.4
Mount a.surface plate on the table and adjust it so that its surface is parallel to both X and W-axes
movgments. Place the cylindrical square on the surface plate.

If the spindle can be locked, the dial gauge can be mounted on it. If the spindle cannot be locked,
the dial gauge shall be placed on the spindle head of the machine.

a) Apply the stylus of the dial gauge to the cylindrical square in the X-direction and move the
head in the Y-direction through the measuring length and note the maximum difference of
readings.

b)  Apply the stylus of the dial gauge to the cylindrical square in the W-direction and carry out
the same procedure mentioned above.

11
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Object

G

9

Checking of the flatness of the table surface.

Diagram

Cr
H Z

0

WA

Tolerance
d

Add 0,01
beyond 1

(Measured deviat
For longer side length of O-X or O-Z
,03 for measuring lengths up to 1 000; (flat to concave)

o the preceding tolerance for each 1 000 increase in length
D00
Maximum tolerance: 0,06

|_ocal tolerance: 0,015 for any measuring length of 300

on)

Measurin

Precision

g instruments

evel or straightedge, gauge-blocks and dial gauge or optical or other equipment

Observati

The table

bns and references to 1ISO 230-1 5.322,5.323,5.324

and column.may be locked in the mid-positions of their travel.

12
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Object G 10

Checking of parallelism of the table surface to:

a) the column movement (W-axis);
b) the table movement (X-axis).

Diagram

I g S

| N [ | I |
+ XI
a) b)
Tolefance (Measured déviation )
a) and b)
0,04 for measuring leAgths up to 1 000
Add D,01 to the preceding tolerance for(each 1 000 increase in length beyond a) b)

1000
Maximuim tolerance: 0,06

Local tolerance (0,015 for any measuring length of 300

Measurin g instruments

Dial gauge, straightedge and gauge-blocks

Obsé¢rvations,and references to 1ISO 230-1 5.422.21

If thg spifidle can be locked, the dial gauge may be mounted on it. If the spindle cannot be locked,|the dial
gaude‘shall be mounted on the head. The stylus of the dial gauge shall be placed approximately in a vertical
plane coaxial with the spindle axis.

a) The table shall be locked at mid-travel. Set the straightedge on the table in the W-direction parallel to the
table surface and traverse the column through the measuring length and note the variation in readings.

b) The column be locked. Set the straightedge in the X-direction and traverse the table through the measuring
length and note the variation in readings.

If the traverse travel is longer than 1 600, carry out the inspection by successive movement of the straightedge.

Without using a straightedge, direct measurement of the table surface using a dial gauge and a gauge block is
also possible.

For rotary type tables, tests shall be carried out at each of the following indexed positions of the rotary table:
0°, 90°, 180° and 270°.

13
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Object

Checking of parallelism of the median or reference T-slot to the table movement (X-axis).

G11

Diagram

Tolerance

0,03 for any measuring length of-1*000

Maximum tolerance; 0,04

(Measured deviatjon)

Measurin

Dial gaug

g instruments

b and cross-square

Observati

If the spin
the dial g4

The stylug

square.

bns and referenees to 1ISO 230-1

5.422.21

dle can betlecked, the dial gauge may be mounted on it. If the spindle cannot be locked,
jJuge shall be mounted on the head.

of the dial gauge may touch the reference face of T-slot directly or by using a crosst

14
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5.4 Indexing or rotary table

ISO 3070-4:1998(E)

0,02 for a measuring diameterof 1 000

Object G 12
Checking of camming of the table surface in its rotating movement.
Diagram
3 - 2
C D
I ey A
X
A
B
b T~ 1
Tolerance (Measured dleviation)

Meafsurin g instruments

Dial [gauge/support and gauge block

Observations and references’to 1ISO 230-1 5.632

least in position 2.

2) Repeatthe same process, placing the dial gauge in the successive positions of 2, 3 g

The dial gauge heing placed in position 1, place a gauge block near the corner A of the table
gnd take the measurement. Remove the gauge block and rotate the table till the corn
gomes to theuneasuring position and take the measurement by inserting the same g4
Carry outthe same operation at the corners of C and D by rotating the table.

er of B
luge block.

nd 4 or at

Use the greatest of these differences as the value of camming.

Lock the table each time before taking measurements.

For each of those positions, note the difference between the maximum and minimum readings.

15
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Object

Checking of run-out of the centring hole of the table in relation to its axis of rotation.

G 13

Diagram

T

0,015

Tolerance (Measured deviatjon)

Measurin g instruments

Dial gaugé/support and possibly test mandrel

Observatipns and references to 1ISO 2301 5.612.3

the dial gauge shall be mountédyon the head.

the table surface.

measured deviations.

If the spindle can be locked, the dial'gauge may be mounted on it. If the spindle cannot be locked,
Set the stylus of the dial.gauge coaxial with the axis of the centring hole and as near as possibjle to
Rotate the table and use the difference between the maximum and the minimum readings as the

Checking ay also be carried out ||:ing a P\J/Iindrir‘nl mandrel inserted into the centre hole

16
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Object G 14
Checking of accuracy of the table angular positions at 0°, 90°, 180° and 270°.
a) for rotary indexable table with only four fixed positions 90° apart.
b) for rotary indexable table with any number of fixed positions.
c) for rotary table capable of any angle positioning.
Diagram
Tolerance (Measured (leviation )
a) 0,03 for any measuring length 0f.500 a)
b) 0,05 for any measuring length>6f 500 b)
c) 0,075 for any measuring length of 500 c)
Mealsurin g instruments
Squgre and dial gauge/support
Obsgrvations and references(to 1SO 230-1 6.41, 6.42 and 6.43
Set & square on the table with one edge parallel to the table movement (X-axis).
Index the table four{imes in one direction (90°, 180°, 270° 360°) and check in every position the
pardllelism between table movement and the corresponding edge of the square.
Index the table four times in opposite positions (270°, 180°, 90°, 0°) and check again the parallelism
in eyery.position. The maximum difference of the eight readings shall not exceed the tolgrance.

17
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5.5 Boring spindle

Object G 15

Checking of the boring spindle

a) Run-out of the internal taper, spindle retracted:
1) at the mouth of taper;
2) ata distance of 300 mm from spindle nose.
b) Run-out of the external diameter:
1) spindle retracted,;

aniadlae-—acvdandad 200

2) \JHIIIUI\.’ CALCTIUCU UV TTINTT.
c) Pefiodic axial slip, spindle retracted.
Diagram
2) 1
-.(‘,
ri!ﬂ 2) 1) —
" ¥ — ¥
<*4|{;: - IR\ c)
a) ';
I |
b)
Tolerance (Measured deviatioh )
D <125 D > 125
a) and b) 1) 0,01 0,015 a b 9
2) 0,02 0,03
c) 0,01 0,015
where D is[the-diameter of the boring spindle

Measuring instruments

Test mandrel and dial gauge

Observations and references to 1ISO 230-1
a) 5.612.3

b) 5.612.2

¢) 5.622.1 and 5.622.2

The value and the direction of application of force F shall be specified by the supplier/manufacturer.
When preloaded bearings are used, no force need to be applied.
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Object G 16
Checking of parallelism of the boring spindle axis to the column movement (W-axis);

a) inthe YZ-plane (vertical),

b) in the ZX-plane (horizontal).
Diagram
Tolerance (Measured (leviation )

a) and h)
a) b)
0,02 for any measuring length of 300

Mealsurin g instruments
Dialjgauge and test mandrel
Obsgrvations and-éferences to 1ISO 230-1 5.412.1 and 5.422.3
Spindle head'locked in mid-travel. Table locked. Spindle retracted.
Mealsurement shall be carried out with the aid of the test mandrel mounted in the spindle[nose.

Carry out the measurement at the mean position of run-out of the spindle rotation or evaluate the
mean value of measurements taken at two positions of the spindle rotation at 180° apart.
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where 500 is the distance between the two measuring points touched

Object G 17
Checking of squareness of the boring spindle axis to the table movement (X-axis).
Diagram

et i

e T

lnpoano ;l;l Ly

S ‘L d--H -4 [ {\/

+ X }_-O

L 11

Tolerance (Measured deviatjon)
0,02/500

Measurin g instruments

Dial gaugé/support and square bifock

Observatipns and references to 1ISO 230-1 5.512.1 and 5.512.32

position tq the table.

and movelthe table to touch the square block at the same point.

Spindle h¢ad lockedsiff\mid-travel, spindle and possibly ram retracted. Column locked in near

Place the |stylus of the dial gauge against the square block on the table. Turn the boring spindle

define the squareness deviation.

The difference between the two readings divided by the distance between the two measuring points
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Object G 18

Checking of squareness of the boring spindle axis to the spindle head movement (Y-axis).

Diagram

Tolerance (Measured dleviation)
0,02/500 with @ <"90°

whefe 500 is the distance between thedtwo measuring points touched

Mealsurin g instruments

Cylipdrical square, adjustable blocks and dial gauge/support

Obsgrvations andseferences to 1ISO 230-1 5.512.1 and 5.512.32
Spindle head-ocked in mid-travel, spindle and possibly ram retracted.

Colymn/lacked in near position to the table.

H R ! [ T} " 41 P | Mol oo il H | D ! i H
Cy“llullbal SYUAlrT stiall b€ St UIT UI1C tallt paraiict tu uie spirdic ricad 1MmoveTTieTit \\I,'d.)\lb).

Turn the spindle with the attached dial gauge and touch the cylindrical square.
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Object G 19

Checking of parallelism of the boring spindle sliding movement (Z-axis) to the column movement
(W-axis).

Diagram

Tolerance (Measured deviatjon)

For an ex{ension of the spindle equal to:

2D: + 0,015 (upwards);
4D: £0,02;
6D: — 0,06 (downwards);

where D i$ spindle diameter

NOTES

1 The extepsion of the spindle is limited to six times the spindle diameter and shall not
exceed 900

2 Tolerancg is limited to spindle-diameter of 150 mm, when the spindle diameter is over
150 mm, thq tolerance shall.be agreed upon between user and supplier/manufacturer.

Measurin g instruments

Straightedge«gauge block and dial gauge

Observations and references to 1ISO 230-1 5.232.1 and 5.422.22

Place a straightedge vertically on the table in a plane containing the spindle axis, adjust it parallel to
the column movement (W-axis).

Touch the functional surface of the straightedge with the dial gauge fixed on the spindle nose.
Spindle rotation locked.

Extend the spindle to the required length and note the dial gauge readings for each of the
successive positions.
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5.6 Milling spindle

Object G 20

Checking of the milling spindle:

a) run-out;
b) periodic axial slip;
c) camming of the face of the spindle nose (including periodic axial slip).

Diagram
F_

Tolerance (Measured dleviation )
D <|125:

a) 0,01 b) 0,01 <c¢) 0,02 a) b) c)
D >|125:

a) 0,015 b) 0,015 ¢)~0,03 a) b) c)
where D is the diameter ©fjthe milling spindle
Measurin g instruments
Dialjgauge
Obsgryations and references to 1SO 230-1

a) 5.612.2

b) 5.622.1 and 5.622.2
The value and direction of application of force F shall be specified by the supplier/manufacturer.
When an axially preloaded bearing is used for the spindle, no force Fis needed.

¢) 5.632

The distance A of the dial gauge c) from the spindle axis shall be as large as possible.
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5.7 Ram

Object G 21

Checking of parallelism of the ram movement (Z-axis) to the column movement (W-axis):

a) inthe YZ plane (vertical plane);
b) inthe ZX plane (horizontal plane).

Diagram
|
b [ a)
_t Yt
Ij T
\T) 5)
(OHONONONONONO)
(ﬁmﬁw - W
S Z
|
Tolerance (Measured deviatjon )
a) and b)
a) b)
0,03 for a meastring length of 500
Measurin ¢ instruments
Straightedge, gauge block and dial gauge/support
Observatipns and-references to ISO 230-1 5.422.22
Set a straightedge on the table parallel?) to the column movement (W-axis) for a) vertical and Q)

horizontal measurement.
Column locked in mid-travel. Spindle head locked.

The ram movement shall then be checked with respect to the straightedge using a dial gauge fixed
on the ram.

1) Parallel means that the readings of dial gauge touching the straightedge at both ends of the movement are the same
value.
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Object G 22
Checking of squareness of the ram movement (Z-axis) to the spindle head movement (Y-axis).
Diagram
+ Y
{ |
o ——
-
e
(OHONONONONONO)
Sz
I
Tolerance

(Measured devjation)
0,03 for a measuring length-of 500

Measurjn g instruments

Straighfedge, square, adjustable. blocks and dial gauge/support

Observations and references to 1ISO 230-1 5.522.4

Place a|straightedge’en the table parallel to the ram movement (Z-axis) using adjustable blocks.

Place alsquare on the straightedge and check parallelism between free arm of the square apd the
spindle [head\movement.
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Object G 23
a) Checking of concentricity of the milling spindle and of the front centring of tool or accessories on
the ram.

b) Checking of squareness of the support face of tools or accessories on the ram to the rotation
axis of the milling spindle.

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

Diagram
A
— £
V]
PR N | T__.":-\I\..
a) b)
Tolerance (Measured deviatjon )
a) 0,02
b) 0,02/500 a) b)

Measurin g instruments

Dial gauge

Observatipns and references-ta1SO 230-1
a) 5.442
Concentrigity deviation is the half of the maximum difference of the readings.

b) 5.512.42
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5.8 Integral facing head

Object G 24

Checking of coaxiality of the boring spindle rotating axis and of the facing head axis:

a) at the mouth of spindle housing;
b) at a distance of 300 mm from the spindle housing face.

(These checks are valid only when the facing head is mounted on bearings independent of those of
the boring spindle.)

Diagrar

-

b) a)

Tolerance (Measured devjation )
D =125 D> 125

a) (0,02 0,03 a) )
b) 0,03 0,04

where D) is the diameter of the milling spindle

Measurjn gcinStruments

Dial Gauge

Observations and references to ISO 230-1 5.442
A dial gauge fixed on the facing head shall touch the boring spindle at the mouth and at 300 mm.

For each operation, determine half the difference of the extreme readings to obtain the coaxiality
deviation.
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Object

boring spi

Checking of squareness of the facing head rotation axis to the table movement (X-axis) .

(This check is valid only when the facing head is mounted on bearings independent of those of the

ndle)

G 25

Diagram

Tolerance

where 50(

0,02/500

is the distance between the twe’measuring points touched

(Measured deviatjon)

Measurin

Dial gaug

g instruments

p/rigid support and-sguare block

Observati

Column a

bns and references to 1ISO 230-1 5.512.1 and 5.512.32

nd spindle head locked.

Place the

tylus of the dial gauge set on the facing head against the square block on the table

the same

Turn the facing head with dial gauge and move the table to touch the square block with the stylus at

point.

The difference between the two readings divided by the distance between the two measuring points
defines the squareness deviation.
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Object

the boring spindle.)

G 26

Checking of squareness of the facing head axis to the spindle head movement (Y-axis).

(This check is valid only when the facing head is mounted on the bearings independent of those of

0,02/500

where 300 is the distance between the two measuring points touched

Diagram
B
L
N
T
Tolerance (Measured devjation)

Measurjn g instruments

Dial galige/rigid support, gauge blocks and cylindrical square

Observationssand references to ISO 230-1 5.512.1 and 5.512.32

Columndocked near the table Qpindlp head locked in mid travel

Set a cylindrical square on the table parallel to Y axis movement.

square. Note the reading.

defines the squareness deviation.

Set a dial gauge to a rigid arm fixed to the facing head and set the stylus of it against the cylindrical

The difference between the two readings divided by the distance between the two measuring points
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Object

and/or:

G 27

a) Checking of parallelism between the facing slide movement (U-axis), in a horizontal plane, and the table
movement (X-axis);

b) checking of squareness of the facing slide movement (U-axis), in a vertical plane, with the column
movement (W-axis).

a) Straightg
b) Straightg

bdge and dial gaugel/support
bdge, square and-dial gauge/support

Diagram
U
O
—-O— NE T
I ,_{-
- (Hmﬁsﬁw - W
CH
[ ST 2|
% %
U 1
+ X’
a) b)
Tolerance (Measured deviation )
a)yand b)
0,025 for a measuring length of 300 a) b)
Measuring finstruments

Observatio
a) 5.422.2
Setas

hs and references to 1ISO 230-1
and 5;422.5

ralghtedge horlzontally on the table parallel to the table movement (X-axis), using a dial gaugg fixed

on the

on it.

Repeat the

dial £ Ll filo £
aural Iablllu DIIUC Urunc Iablllu IICClu

Move the radial facing slide, and note the difference in the readings.
Repeat the test after turning the facing head through 180°.

b) 5.522.4
Set a straightedge horizontally on the table parallel to the column movement (W-axis) and place a square

test after turning the facing head through 180°.

Move the radial facing slide vertically and note the difference in the readings.

The stylus of dial gauge fixed on the radial facing slide touches the free arm of the square.
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5.9 Steady block
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Object

Checking of coincidence of the steady block bore with the boring spindle axis:

a) inthe vertical plane (YZ-plane)

b) in the horizontal plane (ZX-plane).

G 28

(for machines having synchronized movements of the steady block and spindle head);

Diagram
i |
?!—Oﬁ b)
3a)
L-----.% = [ T <= T
\
h
ID:o:c:o:cnb:r'zl
I
—.1 %
| I
———————| + W
Tolerange
a) 0,04 for a measuripglength of 1 000 (Measured deviation)
b) 0,03 for a measuring length of 1 000 a) i)
Measuring instruments
Dial gaupe and boring bar or téstymandrel

ObservaIions and references to ISO 230-1
Due to t

retracted position.

position,|afvice versa.

e great distahce between supports, a cylindrical bar or a test mandrel used in these tests sha
sufficient length topass completely through the steady block while mounted in the boring spindle wher

Test a) ghallkbe carried out setting the spindle head and steady block first in the high position, then in t

| have
in its

he low

table base locked in central position.
boring bar, then the column locked in mid-travel and boring bar retracted.

straightedge.
The measurement is made at the extremities: spindle end and steady block end.

and in the steady block bore, in place of a single mandrel.

A dial gauge set on the cylindrical bar or on the test mandrel shall touch the functional surface of the

Test b) shall be carried out setting the spindle head and steady block locked in mid-travel, and the table and the

A straightedge shall be set parallel to the column movement (W-axis) by using dial gauge set to the extended

In the case of large machines, it may be desirable to use two short test mandrels, placed in the spindle nose
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6 Machining tests

Nature of test

M1

Machining of a single test piece including
a) boring of the internal cylindrical holes a; and a,;
b)  turning of the external cylindrical surfaces b, and b,;
c) facing of the surface c.
NOTE — Facing test only applies to machines having both a sliding boring spindle and either an integral or a detachable facing head, or an independent milling spindle.

Diagram, sizes and mountin g of the test piece (given only as an example)

397k ©[0,04]A-B]
@ 0.0 2 IN 4
Test piece detail ©[0.025[8]
e ece de
_ p —
K Test piece ﬁ\. o
7’ o~

20
E

[J|No. 5
< 2 L [No. 6| AB
| . © 7777277Q 277777*@77
Bl © E 1SS E Q
Mounti L R A
20 20

3d/2

NOTES
1 The boring diafneter d shall be equal to or slightly greater than the boring spindle diameter.

D-d
2 The turning digmeter D shall be determined so that the value is equal to or slightly'\less than the maximum travel of the radial facing slide.
2
3 Test piece matprial: cast iron.
No. Check to be a pplied Tolerance ‘Measurin g Observations and references fo
PP instruments ISO 230-1
1 Circularity a; and ay: Subclauses 3.1 and 3.22, 4.1 and 4., 5.442,

(Subglause 17.3 of ISO 1101:—) 5.512.42 and 5.611.3
of thq internal cylindrical holes a; and
a, aphd of the external cylindrical
surfage b;:

— machined from the sliding spindle;

— machined from column movement,

d < 125: 0,007 59

. *°
d>125:0,01") Before commencing the test makg sure that

the mounting surface which bears on the table
is flat and that the testpiece surface which
bears on the mounting is perpendidular to the
axis of its housing.

by
D = 300: 0,01
300 < D < 600: 0,015%)
For each 300 mm increase in
diameter, add 0,005 mm

O

Bore gauge and
micrometer or
measuring
instruments having
the appropriate

*) Tolerance indicated for machinipg tests 1
and 2 are related to the radius; to r¢late to the
diameter, they shall be multiplied by|2.

accuracy

2 Cyindricity Directions for machining
(Subglause 17.4 of 4SO 1101:—)
of thg internal cylifdrical holes a, and d=<125:0,01, 1) Boring and finishing of the two internal

D/ a,. d>125:0,015 cylindrical holes a; and a,. Table lpcked and
axial movement of the sliding boring|spindle.

3 Concentritity 2y Tuorm surface b;.
(Subclause 17.11.1 of ISO 1101:—) Mandrel and dial With a short tool mounted on the facing head
of the internal cylindrical holes a, and 0,025 gauge with movement of the column.
of the external cylindrical surface b;.

4 Coaxiality 3) Movement of the column or of the ram of
(Subclause 17.11.2 of ISO 1101:—) 0,04 300 mm and turning of external cylindrical

@ of the external cylindrical surface b, for a longitudinal movement of Mandrel and dial surface b,. Tool mounted on the facing head,
and b, with the reference axes of the the column of with the aid of a support or a tool holder having

gauge

internal cylindrical holes a; and a,. 300 a suitable length.

5 Flatness 0,015 ) 4) Machining of the surface ¢ by automatic

D (Subclause 17.2 of 1ISO 1101:—) for a diameter D of Straightedge and movement of the radial facing slide or by

of the machined surface 300 gauge blocks milling.

6 Perpendicularity . Definitions of circularity and cylindricity
(Subclause 17.8 of ISO 1101:—) 0,025/300 Mandrel and dial tolerances are given in ISO 1101.
of the machined surface ¢ with the gauge or level and
reference axes of the internal cylindrical special support
holes a; and a,.
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