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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 commlttee International organlzatlons governmental and non- governmental in

liaison with
Commissio

International

Draft Intern
Publication

Attention is
rights. ISO s

International

as an International Standard requires approval by at least 75 % of the memberbodies casting

(IEC) on aII matters of electrotechnlcal standardlzatlon
Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 3.

tional Standards adopted by the technical committees are circulated to the member bodies

irawn to the possibility that some of the elements of this part of ISO 8636-may be the subjec}

hall not be held responsible for identifying any or all such patent rights.

Standard 1SO 8636-1 was prepared by Technical Committee ISO/TC 39, Mach

Subcommittge SC 2, Test conditions for metal cutting machine tools.
This second edition cancels and replaces the first edition (ISO 8636-1:1987) of which it constitutes &
revision. Especially,
a) geometfical tests have been re-arranged; the new G .aumbers compared to the old ones are gi
following table:
ISO 8636-1:1999 6 7 8 9 10 11 12 13 14 15 16
ISO 8636-1:1987 9 6 5 1 4&7 3 14 13&15 16 12 11
b) the following extra modifications:
addition| of notes in “Object” boxes for G6, G12, G13, G14 and G15; these notes have been adde(
the madhines have several milling heads and the test items are applicable to all of the milling heads;
c) tolerandes on accuracy.and repeatability of positioning have been changed according to 1ISO 230-2:1
The actual deviationis of all parameters shall be shown as test results, but the tolerances are limit
certain parameters.

ISO 8636 cq

nsists of the following parts, under the general titte Machine tools — Test conditions for b

otina-afthao

ptechnical

for voting.
a vote.

of patent
ne tools,

technical

en in the

| because

PO7.

ed only to

ridge-type

milling macht

na T
mreco reotrty Ur e auuul Olb_y

— Part 1: Fixed bridge (portal-type) machines

— Part 2: Travelling bridge (Gartry-type) machines

Annex A of t

his part of ISO 8636 is for information only.
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Machine tools — Test conditions for bridge-type milling
machines — Testing of the accuracy —

Part 1
Fixed

bridge (portal-type) machines

1 Scojf

This part
tests for
normal ag
the applic

This part
single-col

This part
of the m
character

This part
tion of the

NOTE

ISO 8636 gives the equivalent terms in the German and Italian languages; these are published under the respo

member bg
ISO terms.

2 Norm

The follow
this part @
do not ap
possibility}
reference

pe

Df ISO 8636 specifies, with reference to 1SO 230-1 and 1SO 230-2, geometric tests, machini
checking accuracy and repeatability of positioning of numerically controlled axes for gend
curacy, bridge-type milling machines with a fixed bridge (portal type): This part of ISO 8636 g
hble tolerances corresponding to the above-mentioned tests.

pf 1SO 8636 is applicable to machines with moving tables and‘fixed double columns. It doe
imn (open sided) machines and those with fixed tables andsmoving columns.

bf 1ISO 8636 deals only with the verification of the accuracy of the machine. It does not apply
hchine operation (vibration, abnormal noise, sticksslip motion of components, etc.) nor
stics (such as speeds, feeds, etc.), which should-generally be checked before testing the acc

Df ISO 8636 provides the terminology used-for the principal components of the machine and
axes with reference to 1SO 84111,

In addition to terms used in the three official ISO languages (English, French and Russian), annex A

dies for Germany (DIN) and Italy-(UNI). However, only the terms given in the official languages can be

hative references

ing normative/documents contain provisions which, through reference in this text, constitute
f 1ISO 8636, \For dated references, subsequent amendments to, or revisions of, any of these
ply. However, parties to agreements based on this part of ISO 8636 are encouraged to in

hg tests and
ral purpose,
Iso specifies

5 not include

0 the testing
to machine
Liracy.

the designa-

of this part of
hsibility of the
considered as

provisions of
publications
estigate the

of ,applying the most recent editions of the normative documents indicated below.

For undated

5,-the latest edition of the normative document referred to applies. Members of ISO and IEC maintain

registers of mlrrnnfly 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.

ISO 230-2:1997, Test code for machine tools — Part 2: Determination of accuracy and repeatability of positioning
of numerically controlled axes.
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3 Definitions and descriptions

For the purposes of this part of ISO 8636, the following definitions apply.

3.1 Defini

3.1.1

tions of the machining processes that can be carried out

milling operation
machining operation which consists of removing material by means of a rotary tool called a “milling cutter” of which
there are several different types

NOTE T
taper or on th

3.1.2
boring opers

ne typical milling operations mostly involve face milling or end milling. The tools are mounted either(in
b spindle front face.

tion

operation which consists of machining the diameters of cylindrical, conical, blind or through’holes, to th

size

3.13
drilling and t
operations W

hpping operations
hich consist of drilling and/or tapping blind or through holes

3.2 Definition and classification of fixed bridge-type milling machihes

3.2.1 Defin

3.21.1

fixed bridge-
double-colur
has a longitu

NOTE
capability.

A

3.2.2 Clas

These mach

bridge-t

bridge-t

ition

type (portal-type) milling machine
hn machine with one or more vertical spindle heads mounted on the cross-rail, above a tg
dinal traverse (X-axis) only

fditional horizontal spindle heads may_be'mounted on the columns. The horizontal spindle axes may h

Bification
ines are classified into,two types depending upon their construction:
ype milling machines with a variable height cross-rail and a bridge or tie-piece between the cd

ype milling'machines with a fixed height cross-rail which may replace the bridge or tie-piece.

the spindle

b required

ble which

ave a tilting

lumns;

3.3 Descrliptions of principal components

The principal components of these machines are described below. The number indicated in brackets is shown and

explained in

4.1.

3.3.1 Bed and table

The bed (1) is the fixed base of the machine which may be constructed of several parts. It supports the table (3)
which moves parallel to the major axis of the bed.

3.3.2 Column, cross-rail and bridge or tie-piece

The columns (4) and (5) provide the vertical frame of the machine and are fixed on either side of the bed.

© ISO 2000 — All rig
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The columns may be fitted with vertical slideways to accommodate side milling head(s) (9) with other horizontal or
tilting spindle axis.

The tie-piece (10) is a fixed piece connecting both columns at or near the top.

The cross-rail (7) has its major axis parallel to the table plane and is fitted with slideways on which one or more
milling heads (8), with vertical or inclinable spindles, can move.

The variable height cross-rail may be moved up and down the vertical slideways (6) on the columns.

In the case of machines with a fixed height cross-rail, the latter is also fastened to the columns and may replace the

tie-piece.
333 M

These he

lling head(s)

ads include the spindle and drive mechanism and the means for their mouniing on the

column. In some cases, the spindle may be mounted in a ram or quill (12) with a feed-maotion for drill

operations

3.34 Cu
Cutting m
3.3.5 Fsg
The followy
— horiz
— horiz
— vertig

NOTE 1

NOTE 2

4 Tem

4.1 Tern

See Figun

p.

tting motion

ption is provided by the spindles and drive mechanisms of the milling heads.

ed motion

ing feed movements may be provided with a constant.or variable feed rate:

bntal movement of the table;

bntal movement of the milling heads on the cross-rail or vertical movement of the side heads;
al movement of spindle rams or quills.(if any).

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

The vertical movement of the'eross-rail (if any) is usually a positioning movement.

ninology and designation of axes

Mminology

e 1 and\Table 1.

© 1SO 2000
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(@)Y

Table-L— Terminology

11
12
13

Figure 1 — Fixed bridge- (portal-) type milling-miachine with variable height cross-rail

Ref. English French Russian
1 Bed Banc CrtaHuHa
2 Slideway, bed Glissiére du banc Hanpaenstowasa cTaHuHbI
3 Table (clamping sutface) Table (surface de bridage) Cton (paboyvasi NOBEPXHOCTb)
4 Left-hand column Montant gauche JleBas cToiika
5 Right-hand._column Montant droit lMpaBas cToitka
6 Slidewayy/right-hand and left- | Glissiere des montants droit HanpaenstoLwjasa nesoi n npasoi
hand column et gauche CTOeK
7 Cross-rail (movable, fixed) Traverse (mobile, fixe) TpaBepca (nogsuxHas,
HENOABXHAS)
8 Vertical milling head Téte de fraisage verticale ["onoBka BepTUKanbHO-hpesepHas
9 Horizontal milling head Téte de fraisage horizontale ["onoBka ropnaoHTanbHo-
dpesepHas
10 Tie-piece Entretoise MonepeyHas Ganka
11 Bottom slide (saddle) Cuirasse KapeTka cynnopTa
12 Quill (ram) Coulisseau (fourreau) Mon3yH (BTynka)
13 Tool (milling cutter) Outil (fraise) UNHCTpymeHT (dppesa)
14 Reference T-slot Rainure de référence Basosbiin Na3

© ISO 2000 — All rig
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4.2 Designation of axes

See Figures 2 to 5.

V=— | Y=

i/; %%j

)

/ | jd | | » |
D | / | |/ |

AN

a) Ong spindle milling head tilting on the A-axis, placed on b) Two milling heads on the crgss-rail

the crgss-rail, and one spindle milling head tilting on the
D-axis,|placed on the right- or left- hand column

Figure 2 — Type 1: Machineswith two milling heads

S
T

I|H |
1
|

X

Figure 3 — Type 2: Machine with three milling heads
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=

Figur

Z

f

Figure 4 — Type 3: Machine with one milling head on the crosssrail

|

A axis &—

Y ——]

C axis
—
/ |

5 Prelimjnaryremarks

/
X

e 5 — Type 4 Machine with one milling head on the cross-rail swivelling on axes C and A

L.«

5.1 Meas

OTing umits

In this part of 1SO 8636, 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 primarily expressed in ratios (e.g. 0,00x/1 000), but in some cases, microradians or arcseconds
may be used for clarification purposes. The equivalence of the following expressions should always be kept in

mind:

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

© 1SO 2000 — All rights reserved
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5.2 Reference to ISO 230-1

To apply this part of ISO 8636, reference shall be made to ISO 230-1, especially for the installation of the machine
before testing, warming up of the spindle and other moving components, description of measuring methods and
recommended accuracy of testing equipment.

In the “Observations” box of the tests described in the following clauses, the instructions are preceded by a
reference to the corresponding clause in 1SO 230-1 in cases where the test concerned is in compliance with the

specificati

ons of ISO 230-1.

5.3 Temperature conditions

The temp
and user.

54 Teg

The sequ
testing. In

55 Teg

When tes
ISO 8636
the suppli
interest. T
the accey
expenses

5.6 Me

The mea
instrumen

5.7 Min

When est
of ISO 23

5.8 Ma

Machining
generate

brature conditions throughout the tests shall be specified by agreement between the supplier/

ting sequence

ence in which the tests are presented in this part of ISO 8636 in no way, defines the prac
order to make the mounting of instruments or gauging easier, tests may.be performed in any

ts to be performed

ling a machine, it is not always necessary nor possible to carry out all the tests described i
When the tests are required for acceptance purposes, itis up to the user to choose, in ag

er/manufacturer, those tests relating to the components’and/or the properties of the machine
hese tests are to be clearly stated when ordering a machine. Mere reference to this part of
tance tests, without specifying the tests to be, carried out, and without agreement on
cannot be considered as binding for any contracting party.

Asuring instruments

buring instruments indicated in the‘tests described in the following clauses are examples
ts measuring the same quantities and having at least the same accuracy may be used.

imum tolerance

hblishing the toleraneefor a measuring length different from that given in this part of ISO 863
D-1:1996), it shall be.taken into consideration that the minimum value of tolerance is 0,005 mr

Chining tests

tests sshall be made with finishing cuts only. Roughing cuts shall be avoided since they
hppreciable cutting forces.

manufacturer

ical order of
order.

n this part of
eement with
which are of
SO 8636 for
the relevant

only. Other

b (see 2.311

n.

are liable to

5.9 Positioning tests

Positioning tests for numerically controlled machines shall refer to ISO 230-2. Tolerances in this part of ISO 8636
are given only for some parameters. The presentation of the test results shall be in compliance with ISO 230-2.

© 1SO 2000
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6 Geometric tests

Tolerances are limited to the machines of table size up to 3 000 mm x 10 000 mm. When the machine is over this
size in length or width, the tolerance shall be agreed upon between the supplier/manufacturer and user.

6.1 Coordinate axes of motion

Object Gl

Checking of straightness of movement of the table (X-axis) in the horizontal XY-plane (EYX).

o
&

Diagram

L

Tolerance Measured deviation
0,02 for a measuring length up:te’2 000

Add 0,01 to the preceding tolerance for each’1 000 increase in length
beyond 2 Q00

Maximum tolerance: 0,10

—

pcal tolerance: 0,01 for any measuring length of 1 000

Measuring instruments

Microscope|and taut wireOr other optical methods

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

When using microscope and taut wire, the microscope shall be mounted on the head, and the taut wirg shall be
fixed to each-end of the tahle parallel 1) t0 X-axis maovement of the table

Traverse the table in the X-direction and note the readings.
When using optical methods, the target shall be set on the spindle nose or on the head near the spindle.
The reticle is set on the table parallel to X-axis movement of the table and aligned with the target horizontally.

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

1) Parallel means: Readings of the telescope or reticle at both ends of the movement are the same. In this case, the
maximum difference of the readings gives the straightness deviation.

8 © IS0 2000 — All rights reserved
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Object G2

Checking of angular deviations of the movement of the table (X-axis):
a) inthe vertical ZX-plane (EBX: pitch);
b) in the vertical YZ-plane (EAX: roll);
c) inthe horizontal XY-plane (ECX: yaw).

Diagram
Y Y Y
X' X' X'
Reference
|__| level — —
§ S
==
i 8 (] o —=
| | L |
Attocollimator Mirror
a) b) 4]
Tolerance Measured deviation
a) and c) b) X=...
X <4000 0,04/1 000 0,02/1 000 a)
X >4 000 0,06/1 000 0,02/1 000 b)
Lqcal tolerance: 0,02/1 000 for any measuring length of 1 000 <)
Measurirg instruments
a) Precision level or optical angular.deviation measuring instruments
b) Precision level
C) Optidal angular deviation‘measuring instruments
Observations and refereqces to ISO 230-1:1996 5.231.3 and 5.232.2
The level or instrumentishall be placed on the movable component:
a) (EBX: pitch) in\the X-axis direction, set vertically;
b) (EAX: roll)sinithe Y-axis direction, set vertically;
c) (ECX:yaw) in the X-axis direction, set the autocollimator horizontally.

When X-axis—mutionm causes angutar deviationm of boththe—spindte—head—and—work=hoftding—tabte, differential
measurements of the two angular movements shall be taken.

When differential measurement is applied, the reference level should be placed on the spindle head, and the
spindle head 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 reading shall not exceed the tolerance.

For tests a) and b), the instrument shall be placed at the two ends and possibly in the middle of the table. The
instrument located at one end of the table explores the characteristics of half of the bed.

The instrument located in the middle of the table reveals different deviations from the ones located at both ends of
the table.

© I1SO 2000 — All rights reserved 9
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Object G3

Checking of straightness of the horizontal movement of the milling head (Y-axis):
a) in the horizontal XY-plane (EXY);
b) inthe vertical YZ-plane (EZY).

Diagram
Y VA
X' Y —
- r [T 11
= [:I % dp 3 1§j
5 | | '_J
N L5
a) b)
Tolerance Measured deviation
For a) and b) a)
0,02 for a measuring length up to 1 000 b)

Add 0,01 to the preceding tolerance for each 1 000 increase in length
beyond 1 000

Maximum tolerance: 0,04

Local tolerance: 0,01 for any-measuring length of 500

Measuring instruments

Straightedge, dial gauge/support and gauge blocks or optical methods or microscope and taut |wire (for
measuremgnt in horizontal plane only)

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

Place a strdightedge on the table, parallel?) to the Y-axis movement of the milling head; for a) horizontally and for
b) vertically

Attach a dial gauge to the milling head. The dial gauge stylus shall be normal to the reference face of the
straightedge.

Traverse the milling head in the Y-direction through the measuring length?) and record the readings.

1) Parallel means: 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.

2) 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.

10 © IS0 2000 — All rights reserved
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Object G4

Checking of angular deviations of the horizontal movement of the milling head (Y-axis):
a) inthe vertical YZ-plane (EAY: pitch);
b) in the vertical ZX-plane (EBY: roll);
c) inthe horizontal XY-plane (ECY: yaw).

Diagram

X —~— X'
Reference
level

<y

i ] ;ﬁti]
o
kvd
¢

I |
—1

Tolerance Measured deviation
For a), b) and c): 0,04/1-000 a)
Liocal tolerance: 0,02/1 000 for any measuring length of 300 b;
c

Measurirg instruments
a) Precision level or optical angular deviation measuring instruments
b) Precision level
c) Optidal angular deviation measuring instruments
Observations and-réferences to ISO 230-1:1996 5.231.3 and 5.232.2

The level or’instrument shall be placed on the movable component:

a) (EAY:pitch)yinthe-Y=axisdirection,set-verticalty;
b) (EBY: roll) 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
table 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 reading shall not exceed the tolerance.

© 1SO 2000 - All rights reserved 11
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Object

G5

Checking of squareness between the movement of the table (X-axis) and the horizontal movement of the milling
head (Y-axis).

Diagram

LOC

Tolerance
0,03 f

NOTE |
to agreemen

Measured deviation
Dr a measuring length of 1 000 up to a table width of 3 000

N the case of a table width beyond 3 000 mm, the tolerance is subject
between the supplier/manufacturer and user.

Measuring i
Straightedg

hstruments

b square and dial gauge

Observatio

Lock the crgss-rail in mid-travel.

Attach a di
horizontal pj

Press one
square. Mo
spaced pos

For more pirlecise measurenient, rotate the square by 180° and repeat the checking in the same order.

Calculate th
If the table

1) Pparallel 1

s and references to 1ISO 230-1:1996 5.522.4

hl gauge to the milling head. Align a straightedge parallel?) to the table movement (X-ax
ane.

edge of the square agaihst the straightedge and set the dial gauge against the other ed
ve the milling head by\the measuring length? and read indications at a minimum of fivi
tions. Record the maximum difference of the readings.

e average value at each measuring position, and record the maximum difference.

vidth exceeds 2 000 mm, tests shall be repeated at different positions across the table width.

néans: Readings of the dial gauge touching the straightedge at both ends of the movement are the s

s) in the

je of the
equally

a)

-

hme value

and, in this ¢

Se, the maximum arference of the readings gives the stralghtness deviation.

2) The measuring length is normally the length between two columns (not the full length of cross-rail). In other cases, it shall
be agreed upon between the supplier/manufacturer and user.
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measurin

For morg
Calculatg

Check su

bsequently in the Y-direction over the measuring length b, b,.

Object G6
Checking of squareness between the vertical movement of the milling head (Z-axis) and
a) the movement of the table (X-axis);
b) the horizontal movement of the milling head (Y-axis).
NOTE This test is also applicable to additional vertical milling heads on the cross-rail.
Diagram
Z Z
" y i [ 1] e T
d) —.u_ _b 2 -
=R — b1
. . ]
| S
a) b)
Tolerance Measured deviation
For a) and b) a)
0,02 for a measuring length of 300 b)
Measuring instruments
Cylindricgl square, surface plate, adjustable blocks and dial gauge
Observations and references to ISO 230-1:1996 5.522.4
Place a qurface plate on the table afnd)adjust its top surface parallel to both X- and Y- axes movements. Position
the cylindrical square on the surfaceplate.
Attach a dial gauge to the milling’ spindle when the spindle can be locked, otherwise to the milling hgad near the
spindle and lock the milling-head saddle (Y-axis) to the cross-rail.

Apply th¢ stylus of theydial gauge to the cylindrical square in the X-direction and move the head
g length a; @y and record the maximum difference of dial gauge readings.

precise_méasurement, rotate the cylindrical square by 180° and repeat the checking in the
the.average value at each measuring position and record the maximum difference.

through the

same order.

For a large machine, the check may be made in the mid-position and in two extreme positions of the cross-rail.

© 1SO 2000 — All rights reserved
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Object G7
Checking of squareness between the vertical movement of the cross-rail (W- or R- axis) and
a) the movement of the table (X-axis);
b) the horizontal movement of the milling head (Y-axis).
Diagram
R(W) R(W)
" | y T [T Ol
! !
b, -
—p,
patl|
. —
a) b)
Tolerance Measured deviation
For a) and b) a)
0,02 for a measuring length of 500 b)
Measuring instruments
Dial gauge,|cylindrical square, surface plate and adjustable blocks
Observationjs and references to ISO 230-1:1996 5.522.4
Place a surface plate on the table and adjust’its top surface parallel to both X- and Y- axes movements| Position
the cylindridal square on the surface plate:
Attach a dial gauge to the milling spindle when the spindle can be locked, otherwise to the milling head near the
spindle and|lock the milling heagd-(Y-axis) to the cross-rail.
Apply the sjylus of the dial gauge to the cylindrical square in the X-direction and move the cross-rail thfough the
measuring length a; a, andrecord the maximum difference of dial gauge readings.
For more plecise measurement, rotate the cylindrical square by 180° and repeat the checking in the safne order.
Calculate the averagewalue at each measuring positions and record the maximum difference.
Check subgequently in the Y-direction over the measuring length b, b,.
For a large machine, the check may be made in the mid-position and in two extreme pasitions of the cross-rail.

14
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Object

Checking of slope variation of the cross-rail in its W- or R-axis movement in the vertical YZ-plane:

a) inthe lower position;
b) in the mid-position;

c) inthe higher position.

G8

Diagram
Riw
R(W) T4 3
Y | ——H ::2
| | | | [ Pl
- NE
1| — e
T =T
Reference level
Tolerancg Measured deviation
0,02/1 000
Measurirg instruments
Precision level

Observalions and references to 1ISO 230-1:1996

Place th
postions.

When W3 or R-axis motion causes angular deviation of both the cross-rail and the work-holding table, differential
measurements of the two angular movements shall be taken.

When differential measurement is applied, the reference level shall be placed on the work-holding taple, and the

table shall be in the middle of the travel range.

Place miling heads symmetrically relative to the machine table.

For machines With only a single milling head, it shall be placed in a central position.

Lock the crgss-rail at each position.

level at the mid-position ofithe cross-rail on an adequate face and read the indication in[ the quoted

© 1SO 2000 — All rights reserved
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6.2 Table

Object

Checking of flatness of the table surface.

G9

For Y <3000 and X < 1000
0,02 for a measuring length up to 1 000
Add 0,01 to the preceding tolerance for each 1 000/ncrease in length

Maximum tolerance: 0,1

IR
I I Y ) N B
. . | | | | |

Measuring instruments

Precision levels and support with contactpeints 500 mm apart or optical or other equipment

Observatiorns and references to 1S©, 230-1:1996 5.322,5.323, 5.324

Table at migl-travel (mid-position).

Test metho@l G10 is.also useful for the checking of flatness.

Place the precision level withysupport on the surface of the table and displace it in directions O-X and O-Y in steps
corresponding to the length-0f support (500 mm) in the direction concerned, and record readings.

16
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Object G10

Checking of parallelism of the table surface to

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

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

Diagram
yA yA
" y i [ 1] — [0
! LR
[ ———— 1 '_J
a) b)

Tolerance Measured deviation

For a) and b) a)

0,020 for a measuring length up to 2 000 b)

Add 0,p05 to the preceding tolerance for each 1 000 igcrease in length

Maximum tolerance: 0,05

Measuring instruments

Dial gauge, straightedge and gauge blocks

Observaiions and references to 1ISO(230-1:1996 5.422.21 and 5.422.22

Attach a|dial gauge to the milling spindle or to the head near the spindle. The stylus of the dial gauge shall be
normal tg the table surface and.teuching it directly or touching a gauge block located on the table surfgce.

a) The [cross-rail is locked at mid-height. The milling head is at mid-travel. Traverse the table in thg X-direction
and fecord 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
maximun difference’ of the readings in the same way.

The larggst of the maximum differences gives the parallelism deviation.

b) Thelers 3 ocked- ak
maximum difference of the readings.

ad record the

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.

NOTE The above tolerances are specified assuming that finished machining is carried out after assembly. If this is not
the case, the tolerances shall be agreed upon between the supplier/manufacturer and user.

© I1SO 2000 — All rights reserved 17
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Object Gl1
Checking of the parallelism of median or reference T-slot to the movement of the table (X-axis).
Diagram
| v
" T |
E )
Tolerance Mgasured deviation
0,03 for a measuring length up to 2 000
Add 0,01 to the preceding tolerance for each 1 000 increase in length
Maximum tolerance: 0,1
Lochl tolerance: 0,02 for any measuring length of 1 000~Mm
Measuring instruments
Dial gauge,|cross-square
Observations and references to ISO 230-1:1996 5.422.21
Attach a dial gauge to a fixed part of the machine. Place the gauge stylus in contact with the measurirlg face of

the referend

Move the tq

e T-slot or use a piece of suitable shape.

ble and record the dial gauge’indicator variation.

18
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6.3 Milling spindle

Object G12

Checking of run-out of internal taper of the milling spindle:
a) atthe spindle nose;
b) ata distance of 300 mm from the spindle nose.

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

Diagram

O | =O
= | =
LN B 0N W &
N | N
b) b)
Tolerance Measured deviation
D <200 a) 0,010 b) 0,020 D=...
D > 200 a) 0,015 b) 0,030 a)
where D |s the external diameter of the spindle-nose face. b)
Measuring instruments
Dial gauge and test mandrel
Observations and referencesto SO 230-1:1996 5.612.3

Attach a fial gauge to the milling head and insert the test mandrel in the spindle.

Place thq dial gaugesstylus as close as possible to position a), rotate the spindle and record the indication.

Repeat the samg gperation at position b) at a distance of 300 mm from position a).

© 1SO 2000 — All rights reserved
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Object G13

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

NOTE Carry out these tests for each milling spindle of the machine in the vertical or horizontal position.
Diagram
I I |
B a)
N ¢ M a)
T ) )
C C
| b)
F F
Tolerance Measured deviation
D < 200 D > 200 D=...
a) 0,010 0,015 a)
b) 0,015 0,020 b)
c) 0,010 0,015 c)
where D = ¢xternal diameter of the spindle-nose face.
Measuring instruments
Dial gauge
Observations and references todS© 230-1:1996
Attach a digl gauge support-and a dial gauge to the milling head or fixed part of the machine.
a) 5.612.3
Place the dial-gaugé stylus normal to the generating line, rotate the milling spindle and record the inglication.
b) 5.632

Place the“dial-gauge stylus as close as possible to outside edge of the flat face at position M, fotate the
milling ppindle and record the indication. 1

Repeat the same operation at position N after moving the dial gauge.

Determine the average value.

c) b5.622.1and 5.622.2
Insert a steel ball in the spindle centre (by auxiliary means if necessary).
Position the dial-gauge 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.
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Object Gl4
Checking of squareness between the vertical milling spindle axis of rotation and
a) the X-axis movement of the table;
b) the Y-axis movement of the spindle head.
NOTE This test is also applicable to additional vertical milling heads on the cross-rail.
Diagram
Z Z
" y 1T [11]
! !
]@l——@

Q) ]

' ' [l

[ | ]

a) b)
Tolerance Measured deviation
0,04/1 0001
1) Distance between the two measuring points touched.
Measuring instruments
Dial gauge/support arm and straightedge orsurface plate
Observations and references to ISO(230-1:1996 5.512.32
a) Placg a straightedge at the.centre of the table parallel to the X-axis movement of the table in|the vertical
plang.

Table locked at mid-travel“Cross-rail at mid-height and locked, vertical milling head at mid-travel and locked. Quill
or ram 1/B travel from the head.
Attach thp supportingarm with dial gauge to the milling spindle and adjust the stylus of the dial gauge o touch the
straighteflge and_record the indication. Then rotate the spindle by 180° and record the new indication. Calculate
the difference hetween the two readings divided by the distance between the two measurement points
b) Repgatthe above measurement with the straightedge set parallel to the Y-axis movement.

© 1SO 2000 — All rights reserved
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6.4 Swivelling milling head

Object G15

Checking of parallelism of the milling-head swivel axis to the table (X-axis) movement when the milling head
swivels.

NOTE This test shall be applied to the horizontal swivelling milling head also.

Diagram

M. :
FEeasuiiimTyg

points
=
. ; AT

A T Tilting axes

A > Tilting HN\

—= /0 s
II [ — II 7 / | \'__l

Tiltin@ angle J
A

Tolerance Measured deviation

For dial gayge placed at 500 mm from the milling-head tiltingtaxis a=. ..

0,02 for o < 10°
0,03 for 10°< ¢ < 20°
0,04 for > 20°

Measuring instruments

Square, surface plate, adjustable blocks-and dial gauge

Observations and references todS© 230-1:1996 5.422.22

Place a surface plate on the.table and adjust its top surface parallel to both X- and Y-axes movements| Position
the flat square on it so that.its vertical surface is parallel to the Y-axis movement.

Cross-rail fiked at mid=height, milling-head saddle fixed at mid-travel.

Attach a dial gauge.to the milling head so that the stylus of a dial gauge is 500 mm from the milling-hepd swivel
axis.

Apply the d record

readings.
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6.5 Horizontal milling head (side milling head)
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Object

b) the movement of the table (X-axis).

a) the movement of the vertical milling head (Y-axis);

G16

Checking of squareness between the vertical movement of the side milling head (W-axis) on a column and

For a) and b)

0,03 for a measuring length of 500

a)
b)

Diagram
W W
y [T [T11 L
! !
dq J_/L—‘ b1
Qi I em—— i
a) b)
Tolerancg Measured deviation

Measuring instruments

Cylindric@l square, surface plate, adjustable blocks and dial gauge

the cylindrical square on it.

Observations and references to 1SO,230-1:1996

Place a surface plate on the table.anhd adjust its top surface parallel to both X- and Y-axes movemennts. Position

Attach a fial gauge/supporttothe milling head A.

5.522.4

b) Chetklsubsequently in the X-direction through the mesuring length b4 b,.

a) Apply the stylus ofithe dial gauge to the cylindrical square in the Y-direction, then move the mi
throggh the measuring length aja, and record the maximum difference of dial gauge reading
preclse measurements, rotate the cylindrical square by 180° and repeat the checking in the $same order.
Calcplate the average value at each measuring position and record the maximum difference.

ling head A
5. For more

© 1SO 2000 — All rights reserved
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Object G17

Checking of parallelism of the horizontal milling-spindle axis to the horizontal movement of the vertical milling
head (Y-axis)

a) inthe vertical YZ-plane;
b) inthe horizontal XY-plane.

(Applicable only for the milling head with a horizontal spindle axis. This check does not apply to removable milling
heads).

Diagram
| ||
H Y H
I
(\J\ a)
1 @ T
— =% b)
Tolerance Measured deviation
For a) and b) a)
0,03 for a measuring length of'300 b)

Measuring instruments

Test mandrgl and dial gauge

Observations and references to 1S©,230-1:1996 5.422.3
Horizontal milling head is locked’in low-position. Cross-rail is locked in mid-position.

Attach a dial gauge to the<vertical milling head and adjust the stylus of the dial gauge to touch the tesf mandrel
mounted or| the horizontal milling spindle, a) vertically, b) horizontally, as near as possbile to the spindle hose.

Move the vertical milling head for the measuring length and record the indications.

Record the maximum difference of dial gauge readings.

Tests shall peZdone at the mean position of the spindle rotation for both a) and b).
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Object

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

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

G18

heads).
Diagram
Y
|
L
N §>_L|L__< 2
[CO00000000 TN
L]
Tolerance Measured deviation
0,04/1 0001
1) Distance between the two measuring points touched.

Measurin
Straighte

g instruments

dge, dial gauge and support arm

Place a 3
locked at

Horizonta

Attach a
touch thg
calculate

Observations and references to ISO 230-1:1996 5.512.32

mid-travel.

|l milling head is locked.in low-position.

the differencg\between the two readings.

traightedge horizontally at the-centre of the table parallel to the X-axis movement of the talple. Table is

support arm withCdial gauge to the horizontal milling spindle and adjust the stylus of the d
straightedgeand record the indication. Then rotate the spindle by 180°. Record the new in

al gauge to
jication and

© 1SO 2000
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7 Machining tests

7.1 Flatness of test pieces by slab milling

Nature of test M1

a) Slab milling of face B by automatic feed of the table along X-axis.
b) Milling of four test pieces for tables up to 2 000 mm in length.

For a table length in excess of 2 000 mm, it may be agreed to lay six (or eight) test pieces out as shown in the
diagram.

(Test to be farried out in the absence of any other special requirement, e.g., production of a specialypart required
by the user

Diagram
= — =
i — H——1
Z l
: ,is the length of the table;

[, is the distance between extreme

e % faces of test pieces mountef in

successive order;

h,
/~

l; =15, =600 mm

T
e e Y g N,
N [2
bl = hl =150 mm
b, =h, =110 mm
Test Jheck to be Tolerance Measuring Observations and referenges to
applied instrument ISO 230-1:1996
a) |Flatngss of face B of 0,02 3.1,3.22,4.1,4.2,5.321 and
each(test piece 5.412.2

b) |Height h, of blocks |For one test piece or for | Straightedge and Before starting the test:
shall pe constant I, <2000 003 |9auge blocksor |— ensure thatfaces A arg flat;

2 . '
2000<1,<5000 0,05 glﬁ'f gfggfa?e”d — orientate kzlo;:l:r(]s)tpzlral ()a<l to the
movemen -axis):

5000 <l, <10000 0,08 |micrometer ovement of the table {X-axis);

— with milling cutter mounted on
milling spindle, the follgwing
tolerances are recommended:

1) run-out <0,02
2) camming < 0,03

Test conditions
Machining shall be carried out with an end mill or insert cutter mounted on a vertical milling spindle.

All other test conditions (quality and dimensions of tools, cutting speed and feed rate of the tool, material of test
pieces) shall be specified by the supplier/manufacturer.

All test pieces shall have the same hardness.
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7.2 Milling of lateral faces
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Object

column.

(Test to be carried out if the machine is fitted with the required spindles.)

M2

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

(Test to be carried out in the absence of any other special requirement, e.g., production of a special part required

by the user’)

All other
pieces) §

All test p

eces shall have the same hardness.

Diagram
B
o /
51\ [
’477;_/
I
E X —T— p—— ——
| | 2z |
Same tegt piece as for M1
Check tp be applied Tolerance Measuring Observations and references to ISO
instrument 230-1:1996
Squarengss of side 0,02/300 Precision level 3.1,3.22,4.1,4.2,5.321 and 5.512.2
face C aipd face B Orientate block(s) parallel to| X-axis
movement of the table.
Test conglitions
Machining shall be carried/out with an end mill or insert cutter mounted on a horizontal milling spindle.

test conditions (quality and dimensions of tools, cutting speed and feed rate of the tool, material of test
hall be.specified by the supplier/manufacturer.

© 1SO 2000 — All rights reserved
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8 Accuracy and repeatability of positioning of numerically controlled axes

8.1 Linear axes

Object P1

Checking of accuracy and repeatability of positioning of the X-axis movement of the table.

Diagram
7
1 X’
| :| Scale reader | :|
Scale :
= tiz- O
[ ————— | [ | H
| I X |
Tolerance Measured de\jiations
Measuring length
<500 | <1000 <2000

Axes up to 2 000 mm
Bidirectiongll accuracy of positioning A | 0,020 | 0,025 | 0,032
Unidirectiorfal repeatability of positioning Rfand Ry | 0,008 | 0,010 | 0,013
Reversal vdlue of axis B| 0,010 | 0,013 | 0,016
Bidirectiondl systematic deviation of positioning E| 0,016 | 0,020 | 0,025
Range of the mean bidirectional positioning M| 0,010 | 0,013 | 0,016
deviation of|the axis
Axes exceeding 2 000 mm
Bidirectiongll systematic deyiation E 0,025 + 0,005 for each

additional 1 000
Range of the mean hidirectional positioning M 0,016 + 0,003 for each
deviation of|the axis additional 1 000
Reversal vdlue“ofthe axis B 0,016 + 0,003 for each

additional 1 000

Measuring instruments

Linear scale or laser measurement equipment

Observations and references to 1ISO 230-2

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 X-axis, the scale reader being on the tool position. When laser equipment
is used, the reflector shall be set on the table and the interferometer on the tool position.

Concerning the test conditions, test programme and the presentation of the results, ISO 230-2:1997, clauses 3, 4
and 7 shall be referred to.
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Object

Checking of accuracy and repeatability of positioning of the Y-axis movement of the vertical milling-head saddle.

P2

Diagram

0 e

s

i

| = =7
Tolerance Measured deviations
Measuring {éngth
<500 | <1%000| < 2 000
Axes up fo 2 000 mm
Bidirectignal accuracy of positioning A | 0,020 | 0,025 | 0,032
Unidirect|onal repeatability of positioning RT and R [\0:008 | 0,010 | 0,013
Reversallvalue of axis Byl 0,010 0,013 | 0,016
Bidirectignal systematic deviation of positioning E| 0,016 | 0,020 | 0,025
Range off the mean bidirectional positioning M| 0,010 | 0,013 | 0,016
deviation|of the axis
Axes exgeeding 2 000 mm
Bidirectignal systematic deviation of positioning E 0,025 + 0,005 for each
additional 1 000
Range off the mean bidirectional pesitioning M 0,016 + 0,003 for each
deviation|of the axis additional 1 000
Reversallvalue of the axis B 0,016 + 0,003 for each

additional 1 000

Measuring instruments

Linear sdale or laser measurement equipment

Observatlions and references to 1ISO 230-2

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 tool position and the interferometer on the table or on its extension.

Concerning the test conditions, test programme and the presentation of the results, ISO 230-2:1992, clauses 3, 4

and 7 shall be referred to.
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