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Forewor

d

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-governmentak—ir—Haisor—with—SO—also—take—par—in—the—werk—SO—collaborates—elosely—with the
Internationall Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.
International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
The main tgdsk of technical committees is to prepare International Standards. Draft International Standards
adopted by |the technical committees are circulated to the member bodies for voting{OPublication as an
Internationall Standard requires approval by at least 75 % of the member bodies casting a-vote.
Attention is grawn to the possibility that some of the elements of this document¢may be the subject of patent
rights. 1ISO shall not be held responsible for identifying any or all such patent rights.
ISO 8636-2 |[was prepared by Technical Committee ISO/TC 39, Machine/tools, Subcommittee SC 2, | Test
conditions fqr metal cutting machine tools.
This second edition cancels and replaces the first edition (1ISO;8636-2:1988) which has been technjcally
revised. Especially,
a) geometrical tests have been rearranged; the new G nidmbers compared to the old ones are given ip the
following table:
ISO 8§36-2:2007 1 2(add) 3 4(add) 5 6 7 8 9 10 11 |12
ISO 8436-2:1988 2 — 8 — 10 9 6 5 1 |4&7 3 13
ISO 8§36-2:2007 13 14 15 |16(add) 17 18
ISO 8§36-2:1988 |12, 1445 16 11 — 17 18
b) information has beenadded in “Object” boxes for G6, G12, G13, G14 and G15. This informatior] has
been added because the machines have several milling heads and the test items are applicable to pll of
the milling heads;
c) tolerandes~on accuracy and repeatability of positioning have been changed in accordance | with
ISO 230-2720086;
d) new test for geometric accuracy of axes of rotation of workholding spindles (R1) has been added.

The actual deviations of all parameters are shown as test results, but the tolerances are limited only to certain

parameters.

ISO 8636 consists of the following parts, under the general title Machine tools — Test conditions for bridge-type
milling machines — Testing of the accuracy:

Part 1: Fixed bridge (portal-type) machines
Part 2: Travelling bridge (gantry-type) machines

© 1SO 2007 — All rights reserved
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Machine tools — Test conditions for bridge-type milling
machines — Testing of the accuracy —

Pa

Travelling bridge (gantry-type) hi

1

This
mac
for g
part

This
sing|

This

testing of the machine operation (vibration, abnormal<noise, stick-slip motion of components,

mac
accu

This

designation of the axes with reference to |1SQ-841.

rt 2:

Scope
part of 1ISO 8636 specifies, with reference to 1SO 230-1, ISO 230-2, and I1SO 230-7, geo

nining tests, and tests for checking accuracy and repeatability of positioning of numerically co
eneral-purpose normal accuracy bridge-type milling machines with @ travelling bridge (gantr

part of 1ISO 8636 is applicable to machines with travelling”bridge and fixed table. It does
e-column (open sided) machines and those with fixed bridge and moving tables.

part of ISO 8636 deals only with the verification of the;;accuracy of the machine. It does not

hine characteristics (such as speeds, feeds, etc.);»which should generally be checked befor|
racy.

part of ISO 8636 provides the terminology’used for the principal components of the mach

metric tests,
htrolled axes
y-type). This

bf ISO 8636 also specifies the applicable tolerances corresponding te the above-mentioned tgsts.

not include

apply to the
etc.) nor to
e testing the

nes and the

2 Normative references

The [following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of thg referenced
docyment (including any.armendments) applies.

ISO P30-1:1996, Fest' code for machine tools — Part 1: Geometric accuracy of machines operating under
no-Igad or finishing.conditions

ISO P30-2:2008, Test code for machine tools — Part 2: Determination of accuracy and repeatability of
positioningdiumerically controlled axes

ISO R36-#2006Test-codeformachino-tools—PartF—-Goometric-acetracy-of-axes-ofrotation

3 oraCyOraXCo O TotTtorT

3 Terms and definitions

Fort

31

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

milling operation
machining operation, which consists of removing material by means of a rotary tool (milling cutter), of which
there are several different types

NOTE

taper

Typical milling operations mostly involve face milling or end milling. The tools are mounted either
or on the spindle front face.

© 1SO 2007 — All rights reserved
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3.2

boring operation
operation which consists of machining the diameters of cylindrical, conical, blind or through-holes to the
required size

3.3
drilling [tap
operation to

3.4

ping] operation
produce blind or through-holes

travelling bridge (gantry-type) milling machine

milling mac
travelling bri

NOTE 1 T
NOTE2 T
and made int
movable or fix

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

4.1
These mach

travellin

travellin

4.2 Desc
The principa
421 Bed

The worktab

be constructed in one piece.cAlternatively, the assembly may be made of several pieces rigidly conng

through the

NOTE T

4.2.2 Columns, top bridge and cross-rail

Clasgification

and table

ge (gantry) on which the milling head(s) are mounted
ne slideways may or may not be independent of the table.

he gantry, composed of a left-hand column and a right-hand column supported by respective column
pgral with a fixed top bridge, is moved along the bed slideways. The gantry supports‘@horizontal cros
ed in the vertical plane, on which one or more milling heads are mounted with vertical-or inclinable spin

ines are classified into the following types depending upon construction:

g bridge (gantry-type) milling machines with fixed.cross-rail;

g bridge (gantry-type) milling machines with movable cross-rail (see Figure 1).
fiptions of principal components

components of these machines‘are described in Figure 1.

le (1) is located between two slideways that form the bed. The worktable and the slideways
oundation or ditectly to each other.

ne table cambe replaced by a floorplate.

nd a

slides
5-rail,
fles.

es

can
bcted

The column

S (Y) and (10U) are rigid parts with vertical slideways, wnich either slide on the bed Or are

rigidly to column slides (7) and (8) which slide horizontally on the bed.

The top bridge (11) is a fixed part connecting the two columns near their top ends.

ixed

The cross-rail (14) is a part whose horizontal slideways are parallel to the plane of the table. In the case of
machines with fixed cross-rails, the cross-rail is made integral with the columns and may be used as a top
bridge. In the case of machines with movable cross-rails, the cross-rail slides vertically on the slideways of the

columns (12

) and (13).

One or more milling heads with vertical, horizontal or inclinable spindles are mounted on the cross-rail

slideways.

© 1SO 2007 — All rights reserved
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4.2.3 Milling head(s)

Milling heads (16) and (20) are mounted on head saddles (15) and (21) which move on the cross-rail or
column slideways.

The portion in direct contact with the cross-rail slideways is called the vertical head saddle (15).
The milling head may be mounted so that it slides on the vertical head saddle in the direction of the spindle

axis; it is then called a ram. The spindle may be mounted in a quill sliding in the milling head in the direction of
the spindle axis. Some parts of the head may be inclinable.

4.2.4 Cutting motion

Cutting motion is provided by the spindles and drive mechanisms of the milling heads.
4.2. Feed motion

The following feed movements may be provided with a constant or variable feed rate:
— horizontal movement of the movable gantry;

— Vertical movement of the movable cross-rail;

— horizontal movement of the milling heads;

— Vertical movement of rams, if any;

— [otational movement (tilt movements of milling heads).

NOTE 1 In general, rapid traverse is available in addition to feed movement.

NOTE 2  The vertical movement of the movable cross-rail can be either a feed movement (in which casd the cross-rail
is sald to be movable when working) or a’movement between fixed working positions (the cross-rail is then said to be
movgble when being positioned).

5 [ferminology and designation of axes

5.1 | Terminology

See Figure 1 and,Table 1.

5.2 | Designation of axes

See Eigures 1 to 4.

© 1SO 2007 — All rights reserved 3
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Figure 2 — Machine with one milling head
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Ref. English French German
1 Table (or floorplate) Table (ou taque) Tisch (oder Bodenplatte)
2 Clamping surface Surface de bridage Aufspannflache
3 Left-hand part of the bed Banc gauche Linker Teil des Maschinenbetts
4 Right-hand part of the bed Banc droit Rechter Teil des Maschinenbetts
5 Left-hand bed slideways Glissiéres du banc gauche Linke Bett-Fiihrungsbahnen
Right-hand-bed-shdeways Glissieres-dubane-dreit Reehte-Bett-Fohrangsbaknen
7 Left-hand column slide Chariot porte-montant gauche Linker Standerschlittén
8 Right-hand column slide Chariot porte-montant droit Rechter Standerschlitten
9 Left-hand column Montant gauche Linker Stander
0 Right-hand column Montant droit Rechter, 'Stander
1 Top bridge Entretoise Quérbalken
2 Left-hand column slideways Glissiéres du montant gauche Linke Stander-Fuhrungsbahnen
3 Right-hand column slideways Glissiéres du montant droit Rechte Stander-Fuhrungsbahnen
4 Cross-rail (movable or fixed) Traverse (mobile ou fixe) Traverse (beweglich oder(fest)
5 Vertical head saddle Chariot porte-outils vertical Senkrechter Spindelstockgchlitten
6 Vertical milling head Téte de fraisage yerticale Senkrechter Fraskopf
7 Quill (ram) Fourreau (coulant) Traghlse (Pinole)
8 Milling spindle Broche pérte-fraise Frasspindel
9 Tool (milling cutter) Outil(fraise) Werkzeug (Fraser)
4] Horizontal milling head Téte de fraisage horizontale Waagerechter Fraskopf
P 1 Horizontal head saddle Chariot porte-outils horizontal Waagerechter Spindelsto¢kschlitten
p2 Reference T-slot Rainure a T de référence Referenz T-Nut

© 1SO 2007 — All rights reserved
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6 Prelim

6.1

In this part
millimetres;
tolerances

arcseconds

A

[«

always be keépt in mind:

0,010/1 000

6.2 Refen

To apply thi
machine bef

methods and recommended.accuracy of testing equipment.

In the “Obse
reference tq
concerned is

Measuring units

Figure 3 — Machine with one milling head swivelling on axes C and A

inary remarks

of 1SO 8636, all linear dimensions, deviations-and corresponding tolerances are expresss
angular dimensions are expressed in degrees; and angular deviations and the correspor
re primarily expressed in ratios (e.g. 0,00x/1 000), but in some cases microradians (ura

") may be used for clarification purpases: The equivalence of the following expressions sk

= 10 yrad ~ 2"

ence to ISO 230-1, ISO 230-2, and ISO 230-7

5 part of ISO 8636,“reference shall be made to ISO 230-1, especially for the installation o
ore testing, warming up of the spindle and other moving components, description of meas

rvationsbox of the tests described in the following clauses, the instructions are preceded
the _corresponding clause in 1SO 230-1, I1SO 230-2 or ISO 230-7 in cases where the
in.,compliance with the specifications of one of those parts of ISO 230.

ed in
ding
d) or
ould

f the
uring

by a
test

6.3 Temperature conditions

The temperature conditions throughout the tests shall

be specified by agreement between

supplier/manufacturer and user.

the
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Z
A R
Y~ I
\
w \_/
A A
V =
L] &5 L]

a)| One swivelling (A-axis) milling head mounted on the cross-rail.and one horizontal milling head
mounted on the right- or left-hand/column

Z, Z,
A A R
Yo|=—= Y <[ T
=N 25 =N

b) Two vertical milling heads mounted on the cross-rail

Figure 4 — Machine with two milling heads (two examples)

© 1SO 2007 — All rights reserved 7
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6.4 Testing sequence

The sequence in which the tests are presented in this part of ISO 8636 in no way defines the practical order of
testing. In order to facilitate the mounting of instruments or gauging, tests may be performed in any order.

6.5 Tests to be performed

When testing a machine, it is not always necessary or possible to carry out all the tests described in this part
of ISO 8636. If the tests are required for acceptance purposes, it is the responsibility of the user to choose, in
agreement with the supplier/manufacturer, those tests relating to the components and/or the properties of the

machine wh
this part of
agreement g

6.6 Meas|

The measur,|
instruments

ch are of interest. These tests shall be clearly stated when ordering a machine. Mere reference to

SO 8636 for the acceptance tests, without specifying the tests to be carried out, and i
n the relevant expenses, cannot be considered as binding for any contracting party.

juring instruments

ng instruments indicated in the tests described in the following clauses are.examples only. ¢
measuring the same quantities and having no larger measurement uncertainty may be used.

6.7 Minimum tolerance

When estab
2.311 of ISQ

ishing the tolerance for a measuring length different from thatgiven in this part of ISO 8636
230-1:1996), it shall be taken into consideration that the mifnimum value of tolerance is 0,004

6.8 Machjining tests

Machining tg
generate ap

6.9 Posit
Positioning

ISO 8636 ar|
ISO 230-2.

7 Geom

sts shall be made with finishing cuts only. Roughing cuts shall be avoided since they are lial
breciable cutting forces.

oning tests

ests for numerically controlled machines shall refer to ISO 230-2. Tolerances in this pa
b given only for some parameters, The presentation of the test results shall be in compliance

ptric tests

Tolerances are limited to the machines of table size up to 3 000 mm x 10 000 mm. For machines greater

this length o

- width, the tolerance shall be agreed upon between the supplier/manufacturer and user.

Place the gantry atemid-stroke, with milling head at mid-position on cross-rail (or in symmetrical positig

several heaq

s are\available).

hout

Dther

(see

mm.

le to

rt of
with

than

ns if
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7.1 Axes of motion

Object G1
Checking of straightness of movement of the column (X-axis) in the horizontal X-Y plane (EYX).
Diagram
Z -
T—» X
1 h
2 |
\ T
Key
1 microscope
2 [taut wire
Tol¢rance Measured deviatign
0,04 for measuring length up to 2 000
Add| 0,01 to the preceding tolerance for each 1 000 increase in length
beypnd 2 000
Maximum tolerance: 0,10
Local tolerance: 0,01 for any)measuring length of 1 000

Megsuring instruments
Mic1oscope/CCD camera and taut wire or other methods.

Observations-and references to ISO 230-1:1996, 5.232.12, 5.232.13 and 5.232.14

When using-microscope/CCD camera and taut wire, the microscope/CCD camera shall be mounted on the
heag, and/the taut wire shall be fixed to each end of the table parallel to X-axis movement of|the column
(readings of the microscope/CCD camera at both ends of the movement should be the same. In this case,

Traverse the column in the X-direction and record the readings.

© 1SO 2007 — All rights reserved 9
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Object G2
Checking of angular deviations of the movement of the column (X-axis):

a) inthe vertical Z-X plane (EBX: pitch);

b) in the vertical Y-Z plane (EAX: roll);

¢) inthe horizontal X-Y plane (ECX: yaw).

Diagram
Y
T—»x -
1
2 1
3 b) a)/\. b)

a) . .
\ ﬁ]: E-[; /,.%)_—LG]I Key
R 4

1 measuring level
2 reference level
3  autocollimator
] 4 mirror
Tolerance Measured deviation
a) and ¢) b)
X <4000 0,04/1 000 0,02/1 000

a) and c)

Add 0,01/1 P00 to the preceding tolerance for €ach 1 000 increase in length
larger than # 000

b)

Add 0,005/[1 000 to the preceding, tolerance for each 1 000 increase in
length larger than 4 000

Measuring|instruments

a) Precisipn level or optical angular deviation measuring instruments

b) Precisipn level

c) Autocollimatorsor other optical angular deviation measuring instruments

Observatigns and references to I1ISO 230-1:1996, 5.231.3 and 5.232.2
The level ornstramentshe
a) (EBX: pitch) in the X-axis direction, set vertically;
b) (EAX: roll) in the Y-axis direction, set vertically;

c) (ECX:yaw) in the X-axis direction, set the autocollimator horizontally.

If X-axis motion causes angular deviation of both the spindle head and work-holding table, differential
measurements of the two angular movements shall be taken.

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 minimum readings shall not exceed the tolerance.

v, GO ovad

10 © ISO 2007 — All rights reserved
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Object G3
Checking of straightness of the horizontal movement of the milling head (Y-axis):

a) inthe horizontal X-Y plane (EXY);

a) in the vertical Y-Z plane (EZY).

Diagram
Y z
T—» X Y <—T
]
|
a) b)
Tolerance Measured deviation
0,04 for measuring length up to 1 000
Add| 0,01 to the preceding tolerance for each:1.000 increase in length
beypnd 1 000
Maximum tolerance: 0,04
Local tolerance: 0,01 for any measuring length of 500
Measuring instruments
Strdightedge, linear displacemént sensor/support and gauge blocks or optical methods or micrpscope and
taut|wire (for measurement in"horizontal plane only)

Observations and references to ISO 230-1:1996, 5.232.11, 5.232.12 and 5.232.13
Fix fhe cross-rail jn‘the mid-height and move the column in mid-travel.

Plage a straightedge on the table, parallel to the Y-axis movement of the milling head, for a) horizontally and
for b) vertically (reading of the linear displacement sensor touching the straightedge at both pnds of the
movement_should be the same value and, in this case, the maximum difference of the readings gives the

us shall be

Traverse the milling head in the Y-direction through the measuring length and record the readings. (The
measuring length is normally the length between two columns (not the full length of cross-rail). In other
cases, this shall be agreed upon between the supplier/manufacturer and user).

© 1SO 2007 — All rights reserved 11
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Object G4
Checking of angular deviations of the horizontal movement of the milling head (Y-axis):

a) inthe vertical Y-Z plane (EAY: pitch);

b) in the vertical Z-X plane (EBY: roll);

¢) inthe horizontal X-Y plane (ECY: yaw).

Diagram
Y
L X —
2 1
a) b) a) b)
= sg
c
4/% )
3— J_
=
v -
Key
1 measuring level
2 referenge level
3  autocolllmator
4 mirror
Tolerance Measured deviation
For a), b) and c): 0,04/1 000
Local tolerapce: 0,02/1 000 for any measuring length of 300
Measuring|jinstruments
a) Precisipn level or optical angular deviation measuring instruments
b) Precisipn level
c) Autocollimator or otheroptical angular deviation measuring instruments
Observatigns and references to ISO 230-1:1996, 5.231.3 and 5.232.2
The level ol instrument shall be placed on the movable component:
a) (EAY: pitch) in the Y-axis direction, set vertically;
b) (EBY: fol)in the X-axis direction, set vertically;

c) (ECY:yaw) in the Y-axis direction, set autocollimator horizontally.

When Y-axis motion causes angular deviation of both the spindle head and work-holding table, differential
measurements of the two angular movements shall be taken.

When differential measurement is applied, the reference level should be placed on the work-holding table,
and the column shall be in the middle of its travel range.

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.

12 © ISO 2007 — All rights reserved
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Object G5

Checking of squareness of milling carriage transverse displacement on cross-rail (Y-axis) to column
displacement (X-axis) in a horizontal plane.

Diagram
Y
T—> X
~
1
!
|
\\
||
Tolerance Measured deviation
0,0p for a measuring length of 1 000

Mepsuring instruments
Sqdiare and linear displacement sensor

Oblservations and references to 1S0230-1:1996, 5.522.4
Plare column in mid-position, orient ‘one arm of square parallel to column displacement (X-axis).
Fix|linear displacement sensor,support and linear displacement sensor on milling head.

Plate linear displacement sensor stylus against the other arm of the square. Move milling head along
crops-rail and read indication:

Rofate square 180°,repeat checks in the same order and calculate the average value of thel deviations
detprmined.

For large machines, repeat the operation in two extreme column positions.

© IS0 2007 — Al rights reserved 13
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Object G6
Checking of squareness of milling head vertical displacement (Z-axis) to:
a) X-axis;
b) Y-axis.
NOTE This test is also applicable to additional vertical milling heads on the cross-rail.
Diagram
4 Z
A A
L X Y =—

k\/\ < >

32 b2 | /__//
ay by ||
! : nm ]
a) b)
Tolerance Measured deviation

For a) and B): 0,02 for a measuring length of 300

Measuring|instruments
Cylindrical gquare, surface plate, adjustable blocks and linear displacement sensor

Observatiogns and references to 1ISO230-1:1996, 5.522.4
Place bridge, cross-rail and milling head at mid-stroke.
Fix linear displacement sensor en.milling head. Lock cross-rail on column, where possible.

Place cylindrical square on alsurface plate oriented parallel to the X- and Y-directions motion defined by the
bridge longitudinal displacement and the miling head transverse displacement; then place linear
displacemept sensor stylds in the longitudinal plane at point a; on the cylindrical square. Move Z-axis to
point a, and record the,sensor reading.

Rotate cylindrical.square 180° and repeat the measurement in the same order.
Calculate the average value of the deviations determined.

Then carry out-measurement inthe transverse (V-7) plann at pninfe hI and h‘

For large machines, checking may be carried out at the mid-position and in two extreme positions of the
milling head on the cross-rail.
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Object G7
Checking of squareness of movable cross-rail vertical displacement (R-axis) to:
a) X-axis;
b) Y-axis.
Diagram

Z(R) Z(R)

|

] :]]u I ] I

az /\__/ b2 | /__//
a by ||
: : nun ]
a) b)

Tol¢rance Measured deviatign
For @) and b): 0,02 for a measuring length of 300
Measuring instruments
Cylipdrical square, surface plate, adjustable blocks and linear displacement sensor
Obsgervations and references to 1SO'230-1:1996, 5.522.4
Plage bridge, cross-rail and milling.fiead at mid-stroke.
Fix (dial-gauge support and jJinear displacement sensor on milling head. Lock milling head on cross-rail,
whelre possible.
Plage cylindrical squareon-a surface plate oriented parallel to the X- and Y-directions motion defined by the
bridge longitudinal displacement and the milling head transverse displacement; then place linear
displacement sensor stylus in the longitudinal plane at point a, on the cylindrical square. Move cross-rail to
point a, and read\indication.
Rotate cylindfical square 180° and repeat the checking in the same order.
Calgulate;the average value of the deviations determined.
Thep eheck in the transverse plane at points b, and b,.
For Yarge—machines;—checking—may-be—carried-out-at-the-mid-position—and—in—two—extreme—peosttions of the
milling head on the cross-rail.

© 1SO 2007 — All rights reserved
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Object G8
Checking of slope variation of the cross-rail in its R-axis movement in the vertical Y-Z plane:
a) in the lower position;
b) in the mid-position;
c) inthe higher position.
Diagram
Z(R)
A
Y =-—
F.’::::.’.J:! o)
i st
. o e i
| 1 T HAY
l -~ = T | ni
I I | a)
| — 4
[~ - [™]
= | o = |
Key
1 measuring level
2 referenge level
Tolerance Measured deviation
0,02/1 000
Measuring|jinstruments
Precision leyvel
Observations and references'to 1ISO 230-1:1996, 5.232.21
Place the Igvel at the mid-position of the cross-rail on an adequate face and read the indication in the qupted
positions.
When R-ax|s motion{causes angular deviation of both the cross-rail and the work-holding table, differgntial
measuremgnts of the*two angular movements shall be taken.
When differpntial measurement is applied, the reference level shall be placed on the work-holding table.
Place milling-heads symmetrically relative ta the wark-holding table
For machines with only one milling head, it shall be placed in a central position.
Lock the cross-rail at each position, where possible.

16
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7.2 Table
Object G9
Checking of flatness of the table surface.
Diagram
=1
- d . - d' _—1
o H g A = X
o' N m m m A'
o" A"
c M M M B
\)
Y
Tolerance Measured deviation

For X < 3 000 and Y< 2 000: 0,030

For each additional increment of 1 000 in X: add 0,010
For each additional increment of 1 000 in Y: add 0,010
Local tolerance for 1 000 x 1 000: 0,020

Megsuring instruments
Pregision levels and support with contact points 500 mm apart or optical or other equipment

Obsgervations and references to 1SO,230-1:1996, 5.322, 5.323, 5.324
Bridge at mid-travel (mid-position).

Plage the precision level with support on the surface of the table and displace it in directions O-X and O-Y in
stefs corresponding to the lepgth/of support (500) in the direction concerned, and record readings.

Tesf method G10 is also useful for the checking of flatness if finish-machining of table is not carri¢d out after
assembly.
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Object G10
Checking of parallelism of the table surface to:

a) the movement of the column (X-axis);

b) the movement of the milling head (Y-axis).

Diagram

I‘ =l =]
a) b)
Tolerancd!) Measured deviation
a) X< 1P 000: 0,05 b) Y < 1000:0,03
Local tolerpnce: 0,02 for any measuring For each additional increment of 1 000:
length of 1/000 add 0,02

Max-tolerance: 0,06

Local'tolerance: 0,03 for any measuring
length of 1 000

1) The aboye tolerances are specified assumijng that finish-machining of the table is not carried out after assembly. If this is nof the
case, the tolgrances shall be agreed upon.between the supplier/manufacturer and user.

Measuring instruments
Linear displacement sensor, straightedge and gauge blocks

Observatipns and references to ISO 230-1:1996, 5.422.21 and 5.422.22

Attach a ljnear displacement sensor to the milling spindle or to the head near the spindle. The lingar
displacemegnt sensor shall be normal to the table surface and touching it directly or touching a gauge blpck
located on|the‘table surface.

a) The npilling head is at mid-travel. Traverse the column in the X-direction and record the maximum
difference of the readings.

Repeat the test in two other positions of the milling head, symmetrical to the previous position, and record
the maximum difference of the readings in the same way.

The largest of the maximum differences gives the parallelism deviation of the X-axis.

b) Cross-rail is locked, where possible. Move the milling head in the Y-direction and record the maximum
differences of the readings.

Repeat the test in two other positions symmetrical to the previous position and record the maximum
differences of the reading in the same way.

The largest of the maximum differences gives the parallelism deviation of the Y-axis.
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Object G11

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

Diagram

z

.

Tolerance Measured deviation
0,0B for a measuring length up to 2 000

Add 0,01 to the preceding tolerance for each 1000 increase in length
Makimum tolerance: 0,1

Logal tolerance: 0,02 for any measuring length of 1 000

Mepsuring instruments
Linear displacement sensor, cross-square

Obfewations and references to'ISO 230-1:1996, 5.422.21

Attach a linear displacement'sensor to the milling spindle or to the head near the spindle. Place the gauge
stylus in contact with the.measuring face of the reference T-slot or use a piece of suitable shape

|Mo e the cross-rail andvrecord the linear displacement sensor indicator variation.
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7.3 Milling head

Object G12

Checking of run-out of internal taper of the milling spindle:

a) close to the spindle nose;

b) ata distance of 300 mm from the spindle nose.

Carry out these tests for each milling spindle of the machine.

Diagram

Tolerance Measured deviation
D <200 a) 0,010 b) 0,020
D> 200 a) 0,015 b) 07030
where D is {he external diameter of the spindle-nose face

Measuringlinstruments
Linear displacement sensor and test mandrel

Observations and references t0)ISO 230-1:1996, 5.612.3
Attach a lingar displacement.sensor to a fixed part of the machine and insert the test mandrel in the spindle.

Place the linear displaceferit sensor stylus as close as possible to position a), rotate the spindle and regord
the indicatign.

Repeat the same eperation at position b) at a distance of 300 mm from position a).

NOTE nralternative test (testing error motions of the axis of rotation) is presented in R1.
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Object G13
Checking of the milling spindle for:

a) run-out of external surface-nose face;

b) camming of spindle-nose face (including periodic axial slip);

c) periodic axial slip.

Carry out these tests for each milling spindle of the machine in the vertical or horizontal position.
Diagram

ToJerance Measured deviation
D < 200 D > 200

a)| 0,010 0,015

b)| 0,015 0,020

c)| 0,005 0,010

whiere D is the external diameteref the spindle-nose face

Mgasuring instruments
Linear displacement sensob

ORservations and references to 1ISO 230-1:1996

Attach a linear displacement sensor support and a linear displacement sensor to a fixed part of the
m4dchine.

a)| 5.612.2

Plgce the'linear displacement sensor stylus normal to the generating line, rotate the milling spindle and
reqord<the indication.

b)| 5.63.2
Place the linear displacement sensor stylus as close as possible to the outside edge of the flat face at
position M, rotate the milling spindle and record the indication.

Repeat the same operation at position N after moving the linear displacement sensor.

Determine the average value.

c) 5.622.1 and 5.622.2

Insert a steel ball in the spindle centre (by auxiliary means if necessary).

Position the linear displacement sensor stylus to contact the steel ball, rotate the spindle and record the
indication.

The value and the direction of the force to be applied shall be specified by the supplier/manufacturer.
When axially preloaded bearings are used, there is no need to apply the force F.

NOTE An alternative test (testing error motions of the axis of rotation) is presented in R1.

3
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Object G14
Checking of squareness of the vertical milling spindle axis of rotation to:
a) X-axis;
b) Y-axis.
NOTE This test is also applicable to additional vertical milling heads on the cross-rail.
Diagram
4 Z
A A
|
IE -
<T=
_”_T],\__
%ﬁﬁ
a) b)
Tolerance Measured deviation
For a) and p): 0,03/500 (distance between the two measuring points
touched).
Measuring instruments
Linear displacement sensor/support arm.and straightedge or surface plate

Place a st
vertical pla

Cross-rail

Attach the
linear displ

Observations and references to 1S0'230-1:1996, 5.512.32

aightedge at the centre of the table parallel to the X-axis movement of the cross-rail in
he.

mid-height and“ocked, vertical milling head at mid-travel and locked, where possible. Qui

t
ram 1/3 traT/eI from the head.

supporting.arm with linear displacement sensor to the milling spindle and adjust the stylus of

180° and
between th

Repeat the

ecord-the new indication. Record the difference between the two readings over the dista
twe, measurement points.

bcement.sensor to touch the straightedge, and record the indication. Then rotate the spindlg

the
| or
the

by
nce

22
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7.4 Swivelling milling head

Object

NOTE This test is also applicable to additional vertical milling heads on the cross-rail.

G15

Checking of parallelism of the milling-head swivel axis to the Y-Z plane when the milling head swivels.

Diagram

Key

1 swivel axis
2 |measuring point

For|linear displacement sensor placed at 100 mm from the spindle nose
swivel axis

0,04 for a < 10°
0,03 for 10° < o < 20°
0,04 for a > 20°

Tolérance Measured deviation

Megsuring instruments
Sanre, surface plate) adjustable blocks and linear displacement sensor

Obsgervations and references to 1ISO 230-1:1996, 5.422.22
Plage a surface plate on the table and adjust its top surface parallel to both X- and Y-axes moven
Posijtioncthe flat square on it so that its vertical surface is parallel to the Y-axis movement.

hents.

Crogs-rail fixed at mid-height, milling-head saddle fixed at mid-travel.

100 mm from the spindle nose.

head and record readings.

Attach a linear displacement sensor to the milling head so that the stylus of a linear displacement sensor is

Apply the stylus of the linear displacement sensor to the flat-square face in the X-direction; rotate the milling

© 1SO 2007 — All rights reserved
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7.5 Horizontal milling head (side milling head)

milling head to-point a, and read indication.
Rotate cylindrical square 180°and repeat the checking in the same order.

linear dispg:ement sensor stylus in the longitudinal plane at point a, on the cylindrical square. Move side

Object G16
Checking of squareness between the vertical movement of the side milling head (W-axis) on a column and
the:
a) X-axis;
b) Y-axis.
Diagram
Z (W)
Y <—T
|
i
1
a) b)

Tolerance Measured deviation
For a) and B): 0,03 for measuring length of 500.
Measuring|jinstruments
Cylindrical gquare, surface plate, adjustable blocks and linear displacement sensor
Observatij‘ns and references to.1SO 230-1:1996, 5.522.4
Place colunpn and vertical milting head at mid-stroke.
Fix linear digplacement sensor support and linear displacement sensor on side milling head.
Place cylingrical square;on a surface plate oriented parallel to the reference plane defined by the column
longitudinal|displacefaent (X-axis) and the vertical milling head transverse displacement (Y-axis); then place

Calculate the average value of the deviations determined.
Then carry out checking in the transverse plane at points b, and b,.

locked, the linear displacement sensor shall be placed on a fixed part of the machine.

If the spindle can be locked, the linear displacement sensor may be mounted on it. If the spindle cannot be
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For ) and b): 0,03 for measuring length of 300

Object G17
Checking of parallelism of the horizontal milling spindle axis to the Y-axis:
a) inthe vertical Y-Z plane;
b) in the horizontal X-Y plane.
NOTE Applicable only for the milling head with a horizontal spindle axis. This check does not apply to removable
milling heads.
Diagram
| |
! !
T I —
300 _
g a)
Q ¢
- —]
= b)
Tolerance Measured deviation

Megsuring instruments
Tesf mandrel and linear displacement sensor

Observations and references to 1ISO 230-1:1996, 5.422.3

b) hprizontally, as near as possible to the spindle nose.

Redord the maximum difference of linear displacement sensor readings.

Attach a linear displacement sensor to’the vertical miling head and adjust the stylus of the linear
displacement sensor to touch the testimandrel mounted on the horizontal milling spindle, g) vertically,

Horizontal milling head is locked in‘low-position. Cross-rail is locked in mid-position, where possihle.
Moye the vertical milling head-(Y-axis) for the measuring length and record the indications.

Tesis shall be carried out-at the mean position of the spindle rotation for both a) and b).

© 1SO 2007 — All rights reserved
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Object G18

Checking of squareness between the axis of rotation of the horizontal milling spindle and the movement of|
the column (X-axis).

NOTE Applicable only for the milling head with a horizontal spindle axis. This check does not apply to removable
milling heads.
Diagram
Y
A
= X
T
2
j\/

Tolerance Measured deviation
0,03/500"

) Distance petween the two measuring points touched.

Measuring|instruments
Straightedgg, linear displacement sensor and-support arm

Observatigns and references to 1SO230-1:1996, 5.512.32

Place a strdightedge at the centre,of the table parallel to the X-axis movement of the column in the horizontal
plane. The ¢olumn is locked at mid-travel, where possible.

Horizontal milling head at low=position and locked, where possible. Quill or ram 1/3 travel from the horizgntal
milling head.

Attach the qupport armswith linear displacement sensor to the horizontal milling spindle and adjust the s{ylus
of the linean displacement sensor to touch the straightedge and record the indication. Then rotate the spindle
by 180° andl record the new indication. Record the difference between the two readings over the distance
between thef twe_measurement points.
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8 Machining tests

8.1 Flatness of test pieces by slab milling

Object M1

Milling of four test pieces (face B) along X-axis for table length of up to 2 000 mm.
For a table length in excess of 2 000 mm, six (or eight) test pieces as shown in the diagram may be used.

Diagram
B 300 _
1 - >
B {
A A A A
& I x
Sy P Esy L
| ] K |/ iii iii — —O—{
O~ ——
A e [,
< b2> A o ——————— “ by 7;
b, 1A | | ~ >
-t > Q|aQ —O— —O0—
v | |
| A —————
|
! Key
1 test piece
/ [y is the length of the table
I, s the distance between-extreme faces of test pieces mounted in successive order
by=hy =150
by=hy=110
Y 7 Iy - I, =600; or I, —\I5is defined by agreement between user and manufacturer
Test conditions
Maghining shall be carried out with an insert cutter mounted on a vertical milling spindle.
All gther test conditions (quality and dimensions of tools, cutting speed, feed rate and depth of cut of the tool,
matgrial of test pieces)shall be specified by the supplier/manufacturer.
All test pieces shall’have the same hardness.
Tol¢rance Measured deviatign
a) |Flatness{ofiface B of each test piece: 0,015
b) |Height#4 of blocks shall be constant for one test piece or for:
I, <2000 0,03
2000 <L <5000 0.05
5000 </, <10 000 0,08

Measuring instruments

Straightedge and gauge blocks or linear displacement sensor and surface plate, micrometer
Observations and references to ISO 230-1:1996, 3.1, 3.22, 4.1, 4.2, 5.321 and 5.412.2
Before starting the test:

— ensure that faces A are flat;

— orient block(s) parallel to the movement of the table (X-axis).

With milling cutter mounted on milling spindle, the following tolerances are recommended:
a) run-out < 0,02;
b) camming < 0,03.
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8.2 Milling of lateral face

Object

Milling of one of the lateral faces of two or three test pieces placed on the table along the X-axis.

One face perpendicular to face B can be machined with the tool (milling head) guided on the right- or left-
hand column.

Test to be carried out if the machine is fitted with the required spindles.
M2 is a follow-on test after M1.

M2

Diagram

I, isthedi
Iy —1,=600;

7,

Iy is the lepgth of the table

or [, — I, is defined by agreement between user and manufacturer

Nominal dimensions of test piece ‘are the same as for test M1

A
Y

ptance between extreme faces.ofitest pieces mounted in successive order

A
 J

Test condi

All other tes

ions

t conditions (quality and dimensions of tools, cutting speed, feed rate and depth of cut of the fool,
material of fest pieces) ‘shall be specified by the supplier/manufacturer.

All test pieces shall have the same hardness.

Tolerance

of 300

Squarenesg between side face C and face B

Measured deviation

Squareness deviations of all test pieces: within 0,02 for a measuring length

Measuring

instruments

Precision level

Observations and references to ISO 230-1:1996, 3.1, 3.22, 4.1, 4.2, 5.321 and 5.412.2
Orient block(s) parallel to X-axis.

28
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9 Accuracy and repeatability of positioning of numerically controlled axes

9.1 Linear axes

Object P1
Checking of accuracy and repeatability of the X-axis movement of the column.
Diagram
z z
- -
| |
2 s |l i)
/] cuiva
[ | : || i = 1 | :
Key
1 laser head 4  scale
2 |interferometer 5  scale reader
3 [reflector
Tolérance Measured length (Measured

<500 | <1000 | <2000 ||deviation)

Axeis up to 2 000 mm

Bidifectional accuracy of positioning, 4 0,020 0,025 0,032
Unidirectional repeatability of positioning, R 1 or R | 0,008 0,010 0,013
Reversal value of the axis, B 0,010 0,013 0,016
Bidifectional systematic deviation of positioning, £ 0,016 0,020 0,025
Range of the mean bidirectional positional deviation 0,010 0,013 0,016

of the axis, M

Axeis exceeding2-000 mm
Bidifectional systematic deviation, £ 0,025 + 0,005 for each additional 1 000
Ranjge of tfie mean bidirectional positioning deviation {0,016 + 0,003 for each additional 1 000
of the axis} M
Reviersal value of the axis, B 0,016 + 0,003 for each additional 1 000

Measuring instruments
Linear scale or laser measurement equipment

Observations and references to ISO 230-2

Relative measurement between the tool position and work-piece position is desired. If a linear scale is used,
it shall be set on the table parallel to the X-axis, the scale reader being on the tool position. If laser|
equipment is used, the reflector shall be set on the vertical milling head (tool position) and the interferometer
on the table.

Concerning the test conditions, test programme and presentation of results, ISO 230-2:2006, Clauses 3, 4
and 7 shall be referred to.

© IS0 2007 — Al rights reserved 29


https://standardsiso.com/api/?name=edc864870993f46d752806e21340864e

ISO 8636-2:2007(E)

Object P2
Checking of accuracy and repeatability of the Y-axis movement of the vertical milling-head saddle.
Diagram
z z
Y <—T Y <—T
B 2 -
1 1 1
= A==
1] [17,
LEn s = = = | [e]
Key
1 laser heiad 4  scale
2 interfergmeter 5 scale reader
3  reflecto
Measured length (Measuried
Tolerance <500 | <1000 | <2000 | deviatign)
Axes up to 2 000 mm
Bidirectiona] accuracy of positioning, 4 0,020 0,025 0,032
Unidirectiorfal repeatability of positioning, R 1 of R"| 0,008 0,010 0,013
Reversal vdlue of the axis, B 0,010 0,013 0,016
Bidirectiond systematic deviation of positioning, £ 0,016 0,020 0,025
Range of the mean bidirectionalpositional deviation 0,010 0,013 0,016
of the axis, (M
Axes exceeding 2 000 mm

Bidirectiona

| systematic deviation, E

0,025 + 0,005 for each additional 1 000

Range of th
of the axis,

e mean-bidirectional positional deviation
1%

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

Reversal value of the axis, B

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

Measuring

instruments

Linear scale or laser measurement equipment

Observatio

table oronii

ns and references to ISO 230-2

ts extension.

Relative measurement between the tool position and work-piece position is desired. When a linear scale is
used, it shall be set on the table parallel to the Y-axis, the scale reader being on the tool position. When
laser equipment is used, the reflector shall be set on the vertical milling head and the interferometer on the

Concerning the test conditions, test programme and presentation of results, ISO 230-2:2006, Clauses 3, 4
and 7 shall be referred to. The starting point of measurement shall be stated.

30

© 1SO 2007 — All rights reserved



https://standardsiso.com/api/?name=edc864870993f46d752806e21340864e

ISO 8636-2:2007(E)

Object P3
Checking of accuracy and repeatability of the Z-axis movement of the vertical milling head or quill.
Diagram
z
Y <—T
|
A i
3~ 5 1
T - /
| | Ll r
=R =N
Key
1 laser head
2 |interferometer
3 [reflector
Tolerance Measured length (Measured
< 500 < 1000 deviation)
Axes up to 2 000.mm
Bidifectional accuracy of positioning, 4 0,020 0,025
Unidirectional repeatability~of positioning, R 1 or R | 0,008 0,010
Revgrsal value of the axis, B 0,010 0,013
Bidifectional systematic deviation of positioning, E 0,016 0,020
Range of thesmean bidirectional positioning 0,010 0,013
deviation of'the axis, M
Medgsuring instruments

Linear scale or laser measurement equipment

Observations and references to ISO 230-2

and 7 shall be referred to.

Relative measurement between the tool position and work-piece position is desired. When a linear scale is
used, it shall be set on the table parallel to the Z-axis, the scale reader being on the tool position. When laser|
equipment is used, the reflector shall be set on the vertical milling head and the interferometer on the table.

Concerning the test conditions, test programme and presentation of results, ISO 230-2:2006, Clauses 3, 4
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