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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and

non-governm

ental, in_liaison _with ISO, also take part in_the work. ISO collaborates closely wit
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ISO 230 cons

Flectrotechnical Commission (IEC) on all matters of electrotechnical standardization.
Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

k of technical committees is to prepare International Standards. Draft Interdational Stan

dards

he technical committees are circulated to the member bodies for voting, ‘Publication &s an

Standard requires approval by at least 75 % of the member bodies casting-a vote.

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

as prepared by Technical Committee ISO/TC 39, Maching tools, Subcommittee SC 2,
metal cutting machine tools.

edition cancels and replaces the first edition (1ISO 230<4:1996), of which it constitutes a tec
main changes are

cement of circular hysteresis H by bi-directional circular deviation G(b), because of the dif
ating circular hysteresis H by commonly available metrology instruments, and be
pnal circular deviation G(b) contains similar information,

the introdluction of the mean bi-directional radial deviation, D,

of the word “counter-clockwise”, the US variant of “anticlockwise”, for purposes of clarity
e is the norm,

of measurement and-test uncertainty,
sion of parameters G(b) and D in Annex A, and
ion of thé wording of 3.8 and B.3.1.

ists‘of the following parts, under the general title Test code for machine tools:

rawn to the possibility that some of the elements of this document may be the subject of patent

Test
hnical
ficulty

cause

vhere

Part 1: Geometric accuracy of machines operating under no-load or finishing conditions

Part 3: Determination of thermal effects
Part 4: Circular tests for numerically controlled machine tools

Part 5: Determination of the emission

Part 2: Determination of accuracy and repeatability of positioning numerically controlled machine tools

Part 6: Determination of positioning accuracy on body and face diagonals (Diagonal displacement tests)

© ISO 2005 — All rights reserved


https://standardsiso.com/api/?name=533183b433b99c9125224809bb5f4640

ISO 230-4:2005(E)

— Part 7: Geometric accuracy of axes of rotation

— Part 9: Estimation of measurement uncertainty for machine tool tests according to series 230, basic
equations [Technical Report]

The following parts are under preparation:

— Part 8: Determination of vibration levels [Technical Report]
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Test code for machine tools —

Part 4:
Circular tests for numerically controlled machine tools

1 $cope
This part of ISO 230 specifies methods of testing and evaluating the bi-directional.circular deviation, the mean
bi-dir¢ctional radial deviation, the circular deviation and the radial deviation of circular paths that pre produced
by the simultaneous movements of two linear axes. Relevant measuring;-instruments are |described in
ISO 2430-1:1996, 6.63.

The pbjective of this part of ISO 230 is to provide a method for the measurement of the contouring
perfofmance of a numerically controlled machine tool.

2 Normative references

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

ISO 2430-1:1996, Test code for machinetéols — Part 1: Geometric accuracy of machines opegrating under
no-load or finishing conditions.

3 Terms and definitions

For the purposes of this decument, the following terms and definitions apply.

31
nominal path
numgrically controlled and programmed circular path defined by its diameter (or radius), the position of its
centre¢ and_its-orientation in the working zone of the machine tool and which may be either a full circle or a
partigl cir€le of at least 90°

3.2
actual path
path produced by the machine tool when programmed to move on the nominal path

3.3

bi-directional circular deviation

G(b)

minimum radial separation of two concentric circles (minimum zone circles) enveloping two actual paths,
where one path is carried out by a clockwise contouring motion and the other one by an anticlockwise
(counter-clockwise) contouring motion

See Figure 1.

© 1SO 2005 - All rights reserved 1
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NOTE 1 The bi-directional circular deviation G(b) may be evaluated as the maximum radial range of deviations around
the least squares circle. The least squares circle is calculated from 2 paths, i.e. the clockwise and the anticlockwise
(counter-clockwise) path.

NOTE 2  Bi-directional circular deviation G(b) does not include set-up errors, i.e. centring errors of the measuring
instrument.

NOTE 3 Bi-directional circular deviation G(b) measurement requires the use of test equipment only with calibrated
displacement measurements (no need for calibrated length measurements for path diameter). The measurements of radial
deviation F and mean bi-directional radial deviation value D require test equipment with both calibrated length and
calibrated displacement (see Annex A).

NOTE 4 A .IIU aituatcd ;II d p:dllc ib Od;d tU bc b;lbu:al VVhUII d“ Itb pU;Iltb dalic bUIItd;IIUd bUtVVUUII tVVU bUIIbUIItI;b ull’CleS
whose radial separation does not exceed a given value (see Figure 2 and also ISO 230-1:1996, 6.61).

NOTE 5  Dgsignation G(b) is for measurements with external measurement equipment only, e.g. as |described in
ISO 230-1:1996, 6.63. Results from circular tests using a feed back signal are designated as “bi-directional dircular
deviation using feed back signal, G(b),” see Annex E.

Key

*+ centre of least squares circle of|the
two actual parts

0 starting point

Y 1 actual path, clockwise
2 actual path, anticlockwise
(counter-clockwise)
X bi-directional circular deviation
G(b)xy = 0,015 mm
Figure 1 — Evaluation of bi-directional deviation G(b)

3.4

circular deviation

G

minimum radial separation_6f two concentric circles enveloping the actual path (minimum zone circles) of a
clockwise or pnticlockwise(counter-clockwise) contoured path and which may be evaluated as the maximum
radial range around the-lgast squares circle

See Figure 2

NOTE 1 T Bat for bi d: tH L piraiilaoy Ao ot ali AW IV 729
TOTCSTOT OO CCuomar oroararr Gt viatorT— oo appry 107

circular deviation G and the radial deviation F, see Annex A.

CWIP=Y 4 oy Affora bafias
e atoR—G— o aifrerefces—oetween the

NOTE 2 Designation G is for measurements with external measurement equipment, e.g. described in 1ISO 230-1, 6.63,
only. Results from circular tests using feed back signal shall be designated circular deviation using feed back signal G,
see Annex D.
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Key

+

centre of least squares
two actual parts

startina naint
Sttt g POt

3.5

radial deviation

F

devia
either
a) f
b) f

NOTE

the circle (see Figure 3). The radial deviation is givenby the maximum value, Fy,,5x, and the minimum value,

NOTE

NOTE

Y
1\_,_)(

minimum zone cirgles
actual path

N =~ ©

circular deviation Gxy = 0,0

Figure 2 — Evaluation of circular deviation G

ion between the actual path and the nominal path, where{th&€ centre of the nominal pat

om the centring of the measuring instruments on the-machine tool, or

om the least squares centring analysis for a fullcircle only.

1 Positive deviations are measured away,_from the centre of the circle and negative ones toward

2 Set-up errors may be included in the radial deviation F; this is applicable only to a) above.

3 For differences between the.xadial deviation F and the circular deviation G, see Annex A.

circle of the

12 mm

h is obtained

S the centre of
Fmin-

0,02 mm
—
1
2 Key
centre of nominal circlgs
0 starting point
1 nominal nath
I nominalpath
2 actual path
radial deviation:  Fzx max = +0,008 mm
0 szY min = *0,006 mm
Figure 3 — Evaluation of radial deviation F
3
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3.6

mean bi-directional radial deviation

D

deviation between the radius of the nominal path and the radius of the least squares circle of two full circle
actual paths, where one path is carried out by a clockwise contouring motion and the other one by a
anticlockwise (counter-clockwise) contouring motion

NOTE
Annex A.

3.7
identificatio
designation g

3.8

n of axes

For differences between mean bi-directional radial deviation D and bi-directional circular deviation G(b), see

f the axes which are moved to produce the actual path

sense of contouring

(clockwise/arnticlockwise (counter-clockwise) contouring) sequence of indices denoting' the directi
contouring
NOTE Thie order of the indices matches the order in which the circular arc crosses the positive extreme of eac

For example
clockwise) arc|
result, the indi

XY denotes the anticlockwise (counter-clockwise) circular deviation, because an anticlockwise (cd
in the XY plane crosses the X+ axis immediately followed by the Y+ axis) In the case of a bi-dire
es denote the direction of the first arc.

4 Test conditions

4.1
Where the te
the measurin
20 °C (for rag
The machine

to have read
external radia

4.2 Machi

The machine

Test ¢nvironment

mperature of the environment can be controlled, it shall be set at 20 °C. Otherwise, the out
g instrument and the machine nominal readings shall be adjusted to yield results correc
ial deviation measurements only).

hed a thermally stable condition before testing. They shall be protected from draught
tion such as sunlight, overtiead heaters, etc.

Ine to be tested

shall be completely assembled and fully operational. All necessary levelling operation

functional chécks shall be €Completed before starting the tests.

The circular t

4.3 Machi

bsts shall'be carried out with the machine in the unloaded condition, i.e. without a workpiecg.

bn  of

h axis.
unter-
Ctional

put of
ed to

and, if relevant, the measuring instrument shall have been in the test environment long epough

5 and

5 and

rle warm-up

The tests shall be preceded by an appropriate warm-up procedure, as specified by the manufacturer of the
machine and/or agreed between the supplier/manufacturer and the user.

If no other conditions are specified, the preliminary movements shall be restricted to only those necessary to
set up the measuring instrument.

© ISO 2005 — All rights reserved
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Test parameters

Parameters of the test are the following:

a) diameter (or radius) of the nominal path;

b) contouring feed;

c) sense of contouring — clockwise or anticlockwise (counter-clockwise) according to 3.8;

d) machine axes moved to produce the actual path;

0-4:2005(E)

e)

f)

o @ =

>0
~
Q)

i) @
4.5

For t

dimemsion of the test instrument shall be known;

NOTH

4.6

pcation of the measuring instrument in the machine tool working zone;

xpansion coefficient (of machine tool, of measuring instrument) used for .compensati
i-directional radial deviation D and radial deviation F measurement only;

ata acquisition method (data capture range if different from 360°, starting/and stop points
hovement, number of measuring points taken for digital data acquisitien; and whether a da
rocess is applied or not);

ny machine compensation routines used during the test cycle,

ositions of slides or moving elements on the axes which are not being tested.

Test instrument calibration

ne checking of the mean bi-directional radial~deviation D and the radial deviation F, t

For circular tests using a feed back.signal, see Annex D.

Test uncertainty

bmperature (environment temperature, measuring instrument temperature, machine’ temperature) and

pbn for mean

of the actual
ta smoothing

he reference

The main contributors to the (test’ uncertainty for the bi-directional circular deviation G(b) angl the circular

devia

—

t
g

ion G are the
heasurement uncértainty of the test equipment;
bpeatabilityofthe machine tool, checked, for example, by repetition of the circular test;

bmperature drift of the machine tool and/or the test equipment, checked, for example, |
ccofdihg to ISO/TR 16015.

y a drift test

The r

nain contributors to the test uncertainty tor the mean bi-directional radial deviation D a

deviation F are the

— contributors for the deviations G(b) and G (see above);

nd the radial

— uncertainty of the temperature measurement of the machine tool and the test equipment [caused by the
uncertainty of the temperature sensor(s) and the uncertainty due to the location of the temperature

S

ensor(s)];

— uncertainty of the thermal expansion coefficients of the machine tool and the test equipment (used for the
compensation to 20 °C).

© IS0

2005 — All rights reserved
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5 Test procedure

To determine bi-directional circular deviation G(b) and mean bi-directional radial deviation D, two actual paths
have to be measured consecutively: one in a clockwise sense of contouring and the other in an anticlockwise
(counter-clockwise) sense of contouring.

All measured data corresponding to the actual path (including any peaks at reversal points) shall be used in
the evaluation.

For radial deviation, F, of a partial circle, set-up errors should be minimized.

6

Presen

tation of results

A graphical method of presenting results is preferred with the following test result data specified\numerically:

a)
b)
c)

d)

Typical exam

NOTE Fo
the three figurg

The test repo

Magnification

The test unce

7

bi-directi

mean bi-

circular ¢

radial d
correcte

date of t

name of

measurifng equipment;

test parg

bnal circular deviation G(b);
directional radial deviation D, corrected to 20 °C;
eviations G, for clockwise and/or anticlockwise (counter-clockwise)(Contouring;

pviations, F,, and F,;, for clockwise and anticlockwise- (counter-clockwise) conto
i to 20 °C.
ples of presentation of test results are shown in Figures 4, 5 and 6.

I better clarity, the presentation of results is shown inlthree figures in this part of ISO 230. In a test
s can be combined into one figure.

rt shall give the following:

174

pst;

machine;

meters (see 4.4).
scale of the graphical presentation shall be stated.

rtainty.should be stated.

uring,

report,

Points

to be agreed between supptier/manufacturer and user

The points to be agreed between the supplier/manufacturer and the user are as follows:

a)
b)

c)

warm-up procedure prior to testing the machine (see 4.3);

test parameters (see 4.4);

which test result data for the bi-directional circular deviation G(b), the mean bi-directional radial
deviation D, the circular deviation G and/or the radial deviation F [from 6 a) to d)] are required and are to
be presented.

© ISO 2005 — All rights reserved
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Date of test: yy/mm/dd Name of machine: xyz
Measuring instrument: abc

ISO 230-4:2005(E)

Date of test: yy/mm/dd Name of machine: xyz
Measuring instrument: abc

Test parameters
diameter of nominal path: 40 mm
contouring feed: 500 mm/min
contouring direction: —
machine axes under test (X, Y, Z): XY

Test parameters

diameter of nominal path: 250 mm
contouring feed: 1 000 mm/min
contouring direction: +Xto+Y

machine axes under test (X, Y, Z): XY

Location of measuring instrument
— centre of circle (X/Y/Z): 250/250/100 mm

NENLIZN

Location of measuring instrument
— centre of circle (X/Y/Z): 250/250/300 mm

NCNLIZN

£ ook 1 £ /L oLo—a0-
- VNSTU U WWUINTTITTTTIVE \AT74 ). Urur— OU T

-+ offset to workpiece

£L Fan 4 1 £ L o0
— OoffSettotoorrererence (A Y727 —0ro|— 80 mm

— offset to workpiece

reference (X/Y/2): 0/0/30 mm reference (X/Y/Z): 0/0{230 mm
Data jacquisition method Data acquisition method
- starting point: 4th quadrant — starting point: 4th|quadrant
- stop point: 4th quadrant — stop point: 4th|quadrant
—+ number of measuring points — number of medsuring points
(digital only): 1500 (digital only)t 1 8p0
-+ data smoothing process: none — data smogthing process: none
Compensation used: none Compensation{used: norje
Positlons of axes not under test Z =150 mm Positions(of ‘axes not under test Z 54350 mm

L,

Key Key

+ centre of least squares circle of the two +  centre of minimum zone circles
actual paths *  starting point

* starting point

heavy trace actual path, from + Y to + X

light trace actual path, from + Xto + Y
bi-directional circular deviation G(b)yxy = 0,028 mm
mean bi-directional radial deviation Dyy = 0,001mm

Figure 4 — Example of data presentation for
bi-directional circular deviation G(b) and mean
bi-directional radial deviation D

© 1SO 2005 - All rights reserved
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circular deviation G
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Date of test: yy/mm/dd
Measuring instrument: abc

Name of machine: xyz

Test parameters
diameter of nominal path:
contouring feed:
contouring direction:
machine axes under test (X, Y, Z):

150 mm
300 mm/min
+Yto+X
XY

Location of measuring instrument
— centre of circle (X/Y/Z):

250/250/100 mm

— offsetto toot reference (X YIZ):
— offset to workpiece reference
(XIY1Z):
Temperature
— environment temperature:

— temperature of the measuring
instrument:

— machine temperature:

Or07/—80m

0/0/30 mm

22°C

22°C
22°C

Data acquisition method
— starting point:

4th quadrant

— stop point: 4th quadrant
— number of measuring points
(digital only): 1800
— data smoothing process: none
Compensation used: temperature
Positions of axes not under test:  Z = 150.mm

0.02 mm
—_

Key

+ centre of least circles
* starting point

0,000 nominal path

radial deviation:
Fxy,min

FXY,max= +0,005 mm
=-0,013 mm

Figure 6 — Example of data presentation for radial deviation F

© ISO 2005 — All rights reserved
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Annex A
(informative)

Differences between circular deviations G and G(b) and radial deviations
Fand D

Table A.1 shows the differences between circular deviations G and G(b) and radial deviations F and D.

Table A1

Influences Circular deviations G and G(b) Radial deviation|F and D

Devidtion of form @ Included Included

Not included, as the diameters of the

Devidtion of diameter P - : Included
minimum zone circles are not evaluated.
Not included, as the position of the Included in F for a partfal circle, not
Devidtion of position © minimum zone circles is defined by the included in F for a full gircle and not
actual path only. included in D.

@  [eviation between a circle and the shape of the actual path (e.qg. elliptical fornd deviation).
b Heviation between the diameter of the nominal path and the diameter of the actual path.

¢ [eviation between the position of the centre of the nominal path_ard the centre of the actual path (e.g. deviationd in the X and Y
positigns).

© 1SO 2005 - All rights reserved 9
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Annex B
(informative)

Influences of typical machine deviations on circular paths

B.1 General

This annex p
individual de
in this annex

Circular path
geometric de

B.2 Influe

B.2.1 Influ¢nce of a progressive linear positioning deviation

When the X-
ellipse with it

of the path parallel to Y is not changed, i.e. the diameter is equal‘to the nominal diameter [see Figure B.1

When the X-aixis movement is short and the Y-axis is still @ssumed to be without deviations, the circula

is changed t
diameter [see¢

B.2.2 Influ¢nce of non-perpendicularity of axes

When axes X
changed to
[see Figure B
XY plane.

When the an

its principal ajxes at + 45%, but with the major diameter at + 45° [see Figure B.2 b)].

bints to the principal influences of typical machine deviations on circular motion. In generat;
iations show a combined influence on actual measured circular paths. Therefore, thecdnforn
alone is not sufficient for a detailed analysis of circular measurements.

5 that are produced by two linear axes on numerically controlled machines,are influenc
viations of the two axes and by deviations caused by the numerical control and-its drives.

hce of geometric deviations

bxis movement is long, for example, due to a scale deviation, the circular path is changed
5 major diameter parallel to the X-axis. If the Y-axis_ is@ssumed to be deviation free, the dia

b an ellipse with its major diameter parallel to Y. That diameter is again equal to the ng
Figure B.1 b)].

and Y are not square and the angle between the two axes is larger than 90°, the circular g
an ellipse with its principal axes at +45°. The major diameter of the ellipse is at
.2 a)]. In addition, it is\assumed that deviation from squareness is the only deviation

jle between thé.two axes is smaller than 90°, the circular path is again changed to an ellips

these
hation

ed by

to an
Mmeter

a)l.

[ path
minal

ath is
—45°
n the

B with

10
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Sl el el bl S b bl bl bl b bl b X

a) X movement long b) X movement short

Key
1 nominal path
2 actual path

Figure B.1 — Influence of short and long movements.of an axis on circular paths

a) Anglelarger than 90° b) Angle less than 90°

Key
1 nominal path
2 actual path

© IS0 2005 — All rights reserved 1
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B.2.3 Influence of periodic deviations

Periodic deviations also influence circular paths. The deviation from the circular path is non-elliptic. Figure B.3

shows changes to the path if a periodic positioning deviation of Z is assumed.

—_— N

()
Ezl:AVAVAVLZ

Figure B.3 — Influence of periodic deviations of Z

B.3 Influehce of the numerical control and its drives

B.3.1 Gendral

A circular path that is produced by two linear andxnumerically controlled axes gives information on the
behaviour of fhe numerical control and its drives. The-movement for each axis is quite complicated, with ftravel,
velocity and facceleration of each axis changing;.according to a sine or to a cosine if the feed rate dn the

circular path |s kept constant.

B.3.2 Influg¢nce of reversal error

When axial feversal error is present, “steps” will occur at the points of reversal. Figure B.4 shows typical
backlash revgrsal error occurring-at the four quadrature points (from both axes) giving four quadrant$ with
different cenfres. For normak backlash, the figure shows the shape produced by anticlockwise (copnter-

clockwise) cgntouring.

Figure B.4 — Quadrature reversal steps

12
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When recovery of the reversal error occurs (whether by the use of scales for the feed back or by use of
reversal compensation in the CNC), time delay effects will cause peaks or “spikes” at the reversal points
(see Figure B.5). The magnitude of these “spikes” will depend on the mechanical backlash and the time delay.

Note
circle
(e.g.

stopp

In prd
comp
comp

B.3.3

If the
of an
highe
Figur

Figure B.5 — Quadrature reversal spikes

fhat the “steps” and “spikes” at reversal points are actually disterted “flats” and will show up
5, but do not appear on standard checks of the accuracy afndvepeatability of positioning
pccording to ISO 230-2), because the measurements aretaken only after the machine m
ed, in accordance with these standard checks.

ctice, both “spikes” and “steps” can occur together-by different amounts. If, in addition,

ex shapes can occur at quadrature, including ‘negative spikes” and “negative steps.”

Influence of acceleration of axes

feed rate for the circular path is incréased, the acceleration of the axes increases accordin
axis can behave in such a way_ that the amplitude of the movement decreases at a higher
I feed rates. This results jin paths that are smaller in diameter than the nominal circu
b B.6).
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Figure B.6 — Influence of acceleration of axes
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