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Foreword

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

electrotechnical standardization.

fferent types of ISO documents should be noted. This document was drafted in accordance

T
dpscribed in the ISO/IEC Directives, Part 1. In particular the different approval criterianeedé
d
eflitorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

ttention is drawn to the possibility that some of the elements of this documént/may be the s
htent rights. ISO shall not be held responsible for identifying any or all suchpatent rights. I
hy patent rights identified during the development of the document will be'in the Introductio
h the [SO list of patent declarations received (see www.iso.org/patents).

o LT >

Ay trade name used in this document is information given for the.convenience of users and
cpnstitute an endorsement.

br an explanation on the voluntary nature of standards,/the meaning of ISO specific te
kpressions related to conformity assessment, as welkas information about ISO's adheren

@D T

L: www.iso.org/iso/foreword.html.

his document was prepared by Technical Committee ISO/TC 39, Machine tools, Subcommit
bst conditions for metal cutting machine tools.

list of all parts in the ISO 17243 seri€s) published under the general title, Machine tool sp
paluation of spindle vibrations by medsurements on spindle housing, can be found on the ISO we|

o> 5 -

he procedures used to develop this document and those intended for its further maintenance are

d for the
with the

ubject of
etails of
n and/or

does not

rms and
e to the

orld Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see the following

tee SC 2,

indles —
bsite.
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Machine tool spindles — Evaluation of spindle vibrations
by measurements on non-rotating parts —

Part 2:
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olling element bearings operating at speeds between
/min and 30 000 r/min

Scope

his document provides information on how to assess the severity of machine tool spindle v
easured on the spindle housing. It gives specific guidance for assessing the severity of j
easured on the spindle housing at customer sites or at the machine:teol manufacturer’s test

s vibration criteria apply to direct-driven spindles and belt-driven spindles intended for st
achine tools with nominal operating speeds between 600 r/min and 30 000 r/min.

is applicable to those spindles of the rolling element.béaring types only, to spindles asse
etal cutting machine tools, and for testing, periodic¥erification, and continuous monitoring.

does not address
- geometrical accuracy of axes of rotation (see [SO 230-7),
- unacceptable cutting performance with regards to surface finish and accuracy,

- vibration severity issues of machine tool spindles operating at speeds below 600
exceeding 30 000 r/min (due o)tack of supporting vibration data and limitations in many Y
measurement instruments), or

- frequency domain analyses such as fast Fourier transform (FFT) analyses, envelope an
other similar techniques.

nnex A presents anintroduction to alternative bearing condition assessment techniques.

Normative references

brations
yibration
acilities.
ationary

nbled on

//min or
yibration

hlyses or

content

he following documents are referred to in the text in such a way that some or all of theil

bnstitutes requirements of this document. For dated references, only the edition cited applies. For
hdated references, the latest edition of the referenced document (including any amendmentsﬂ) applies.

ISO 1925, Mechanical vibration — Balancing — Vocabulary

ISO 2041, Mechanical vibration, shock and condition monitoring — Vocabulary

[SO 2954, Mechanical vibration of rotating and reciprocating machinery — Requirements for instruments
for measuring vibration severity

ISO 13372, Condition monitoring and diagnostics of machines — Vocabulary

©
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3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 1925, ISO 2041, ISO 13372,
ISO 2954 and the following apply.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

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

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

NOTE

of its defipition by a subject field between angular brackets (< ... >), e.g. “<spindle condition monitoring>/for t

definition

3.1
belt-driy
spindle ¥

3.2

of alert (3.11).

yen spindle
Vhere the power transmission is achieved by a belt between the drive motorand the spindle

direct-driven spindle

machine
transmit

3.3
gear-dri
machine

Note 1 to

34
spindle
spindle {

3.5
short te
<spindle

Note 1 to

3.6
long ter
<spindle|

Note 1 to

3.7
maching
detectiol

tool spindle in a motor-coupling-spindle configuration with no_belts, gears, or other pows
ting elements in the power train

ven spindle
tool spindle with one or more power transmitting geat:units in the power train

entry: Gear-driven spindles may also incorporate coupling and/or belts in the power train.

with integral drive
nit where the rotor of the drive motor is.the rotor of the spindle

'm
condition monitoring> time period of six months or shorter

entry: Time periods may differfor specific spindle types and/or operational conditions.
mn
condition monitosing> time period of longer than six months

entry: Time period may differ for specific spindle types and/or operational conditions.

 condition monitoring

A concept limited to a special meaning of a term in a particular context is indicated at the beginni;tg

h,,collection, and interpretation of information and data that indicate the spindle condition (3.8

e

I

of a machine toolspindle

3.8

spindle condition
root-mean-square (r.m.s) values for vibration velocity and acceleration of machine tool spindles as
defined by specifications

39

short-term spindle condition

STSC

parameter indicating the condition of a machine tool spindle in the short term (3.5)

© ISO 2017 - All rights reserved
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3.10

long-term spindle condition

LTSC

parameter indicating the condition of a machine tool spindle in the long term (3.6)

3.11
alert

<spindle condition monitoring> condition where a significant change in spindle vibration magnitude,

with respect to normal values, has been detected

3[12

ajarm

spindle condition monitoring> condition where the vibration velocity magnitude [LTSG(3:10)
fcreased dynamic load on spindle bearings, thus often reducing bearing lifetime and/ofr the 1
cceleration [STSC (3.9)] magnitude indicates moderate spindle bearing deterioratiou

® = A

3{13

hreshold for shutdown

spindle condition monitoring> condition where the vibration velocity magnitude [LTSC (3.10)
jicreased dynamic load on spindle bearings, often with substantial lgss,of bearing lifetime af]
vlbration acceleration [STSC (3.9)] magnitude indicates severe spindle bearing deterioration

N =+

—e

3{14

steady-state spindle operating temperature

<ppindle condition monitoring> condition where machine¢toel spindle has been running for a §
time to reach a stable operating temperature

4 Preliminary operations

1 General

(hen measuring vibration, the operational condition of the machine tool is of great importa
bcument is applicable to all normakeperational conditions of the machine tool when machini

br any spindle vibration measurement intended to characterize the spindle condition accordir
bcument, important operational conditions should be recorded. Such operational conditiong
1t are not limited to, thecharacteristics listed in 4.2 to 4.11.

(hen using vibration/ measurement results for evaluation of spindle condition, othej

L0 < T am o< Wb

ctors include §pindle motor current control signals with their associated frequencies, infly
achine foundation and the position of the other moving components affecting the dynamic
Fthe overalksystem, and possible high level of scatter due to low energy content in the frequen
Finterest.If such interfering signals or conditions are suspected, frequency analysis techniqu
ced todifferentiate bearing signals from other contributing factors.

c oo X

induces
yibration

induces
\d/or the

ufficient

nce. This
hg.

ng to this
include,

factors

bntributing to or interfering with the measured signals should be taken into consideratijon. Such

lences of
rfesponse
cy range
bs can be

4.Z Process load

All vibration measurements should be made under no-load conditions (no cutting, milling, or g

4.3 Spindle speed

This document is applicable for every speed within the nominal speed range of the machine tool
The manufacturer may specify non-continuous speed ranges such as 600 r/min to 17 000

rinding).

/spindle.
r/min or

19 000 r/min to 24 000 r/min in order to avoid unreasonable limits at resonance speeds. Two such

resonance speed intervals are allowed, together occupying a maximum of 10 % of the

nominal

operating speed range of the spindle. The possibility of excluding certain speed ranges only applies to
the vibration velocity parameter as defined in 6.1, i.e. indicators for long term spindle condition (LTSC).

© IS0 2017 - All rights reserved
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The vibration acceleration parameter as defined in 6.2, i.e. indicators for short-term spindle condition
(STSC), applies to any speed within the nominal speed range of the spindle.

When measuring vibration magnitude as a function of spindle speed, it is important to execute the
spindle speed changes in such a way that a steady-state vibration of the spindle is reached before
recording the measurements. The following are typical methods.

— Step: Increase or decrease the spindle speed in steps not greater than 3 % of spindle maximum
speed with 10 s of constant speed at each such selected speed.

1 - hs | il - 1l 1 L | n £ & il 2004 £ -
i ACC( ICI AUUIL. ITICT C4d5C Ul UCLI©dSC LT DPIIIUIC bpccu WTITIT d Tdt(T UT ITTOUTITOT T UITdIT 20U 70 OT TITaXTITITU]11
spinfle speed per minute.

Both the|above methods will result in approximately 5 min measurement time.

4.4 Thermal conditions

Thermal| conditions will need to be agreed upon between manufacturer/supplier and user. If 1o
conditiofps are specified, the tests should be made under conditions as near,as{possible to those pf
normal dperation with regards to lubrication and warm-up. Therefore, the machine should have an id|e
running performance in accordance with the conditions of use and the instructions of the manufacturer
until thel machine/spindle has reached steady-state operating temperature. Refer to ISO 230-1 for the
installat]on of the machine before testing and warming up of the spindlé.and other moving components.

4.5 Spindle position and orientation
Spindle position: This document is applicable for all possible\linear axis positions.
Spindle prientation: This document is applicable for all‘possible spindle orientations.

Spindle |direction of rotation: For spindles that can be operated in either direction, this document
applies tp both clockwise and counter clockwisesspindle rotation.

Spindle position, orientation, and direction of rotation for vibration measurements will need to he
agreed upon between manufacturer/supplier and user.

4.6 Togol or workpiece balaneing

4.6.1 eneral

A tool of workpiece motited in the spindle might influence the vibration measurements due to the
unbalange of the tooLorworkpiece itself. It should be recorded whether or not a tool/workpiece is usgd
during the measurements. If used, the mass, balancing grade according to ISO 21940-11 and angular
orientation (if applicable) of tool/workpiece used during vibration measurements should be recorded

4.6.2 pindle vibration measurements with a tool/workpiece mounted in the spindle

Care should be taken to avoid errors introduced by the unbalance of the tool/workpiece. For most
machine tools/spindles this implies that a balance quality grade of G2.5 or better according to
IS0 21940-11:2016 isrequired. If possible the same tool/workpiece should be used for each measurement
of the same machine tool/spindle. If available, refer to the spindle manufacturer’s recommendations.

4.6.3 Spindle vibration measurements without tool/workpiece

Spindles that can be operated throughout their entire operating speed range without any
tool/workpiece mounted and which do not require tool/workpiece for balance can be measured
without a tool/workpiece mounted in the spindle.

4 © IS0 2017 - All rights reserved
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4.7 Spindle chuck

Spindle chuck mechanical settings — such as chuck front-end position with respect to spindle gauge
line for clamped and unclamped positions — as well as jaw positions, should be recorded.

4.8 Spindle cooling

The spindle cooling system settings should be set appropriately and the performance confirmed. All
settings should be recorded.

49 Drawbar

—3

he drawbar status should be recorded as tool clamped, tool unclamped, or tool improperly tlamped.
}is recommended that all spindle vibration measurements be performed with tool-clarhped of without
ol. Refer to 4.6.

o+ —

I

.10 Background vibration

Iff the measured vibration magnitude is greater than an acceptance-eriterion established by mutual
breement between the manufacturer/supplier and user, and baekground vibration is syspected,
nmeasurements should be made with the machine shut down to ‘determine the degree of |external
influence. If the vibration magnitude with the machine shut dewn exceeds 10 % of the value measured
when the machine is running, corrective action might be necessary to reduce the effect of badkground
v]bration.

QO

NOTE In some cases, the effect of background vibration can be nullified by spectrum analysis or by
eliminating the offending external source.

11 Idle operation

I] can be beneficial to conduct vibration(measurements with the spindle idle but other machine tool
systems, such as pumps, fans, and hydraulic systems, active. Vibration data acquired this wdy can be
upeful when comparing spindle vibration changes over time.

Idle spindle vibration measurements should be taken at the same measurement locations/directions as
rinning spindle vibration measurements. Refer to 5.2.

Measurementand operational procedures

5|1 Measuring instruments

The measuring instrument should comply with the requirements of ISO 2954 for a specified frequency
range of<10 Hz to 10 kHz.

Refer to

rious methods exist for computing the r.m.s value of a specified frequency band.
i i i easuring

I T >
instrument.

Care should be taken to ensure that the measurements are not influenced by environmental factors or
other external factors including, but not limited to, the following:

— temperature variations;
— magnetic fields;
— sound pressure fields;

— sensor cable length;

© IS0 2017 - All rights reserved 5
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— power supply noise.

Refer to 5.3 for further information on sensor mounting procedures.
5.2 Measurement locations/directions

5.2.1 General

For v1brat10n criteria presented in thls document measurements should be taken on the splndle housmg
at the fr eH-as et S aHoc -‘
should cpincide w1th splndle bearlng longltudlnal locatlons as close as p0551ble Measurements s d
be taken in a minimum of two radial directions at both ends of the spindle and in axial direc ht
least ong end of the spindle (see Figure 1). It is recognized that the back end of the spindle in %hy cas(
can be hard to access, requiring dismantling of covers, etc. 0.)
™

X1,X2 |preferred r@l’measurement locations in x-axis direction of the machine
Y1,Y2 |preferr @ ial measurement locations in y-axis direction of the machine
72 prefe@ axial measurement locations in Z-axis direction of the machine

)

Figure T— i i i i f
common machine/spindle configurations

The preferred sensor locations/directions ensure good transmission with low distortion of the
vibration signal from the mechanical interface (the bearings) between rotating and non-rotating parts
of the machine and hence, ensure low damping with good signal quality.

If, for practical reasons, some of the preferred sensor locations are not deemed possible to access, these
sensor locations may be omitted or alternative sensor positions be established by mutual agreement
between manufacturer/supplier and user. If alternative sensor locations are selected, the measurement
results might be affected.

6 © IS0 2017 - All rights reserved
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The two radial measurement directions should be perpendicular to each other and coincide
movement axes of the machine tool, such as X and Y or any other axes defined by ISO 841.
Figure 1 for examples on common machine types.

For some machine tool designs, other measurement directions might be preferred.

with the
Refer to

It is recommended that the vibration sensor be placed at the preferred measurement locations of
Figure 1. For periodic measurements where the main interest is in observing changes in the vibration
related parameters over time, a single tri-axial sensor is a valid solution. In this last case, a fixed

threaded installation of the vibration sensor (see 5.3) is suggested to ensure measurementrepe

atability.

Alll sensor locations/directions used for vibration measurements should be recorded.

Allternatively, permanently mounted vibration sensors on the spindle housing could be.used.

5(2.2 Naming convention for measurement locations

Djirect-driven spindles and belt-driven spindles covered by this document are used in many
njachine tool types and applications. Therefore, no obvious naming cofivention exists for 3
nhpmes to the measurement locations/directions.

@]

F machine types covered by that International Standard. Possible' measurement location namsé

- “Spindle front end X", and

- “Spindle back end Y”

et

1;‘ any case where measurement location/directiefi’names could be misinterpreted, additid
ould be supplied (i.e. a simple drawing).

)

(9]}

.3 Sensor mounting procedures

The sensor mounting should be as rigid as possible, ensuring that the mounting procedure

s¢nsor mounting resonances and signal saturation.

Fpr acceptance testing of new or overhauled machine tools or spindles, chemical bonding or
s¢gnsor mounting is recomimended since these mounting procedures will ensure best
easurement results for all parameters defined in this document.

10§

Fpr periodic meaSurements, sensors mounted on wax or a magnetic base may be considg
practical alternative procedure.
T

hble 1 provides an overview of sensor mounting procedures and precautions.

different
ssigning

The nomenclature is according to ISO 841 when referring to direction’s coinciding with movenpent axes

S are

nal data

does not

influence the measured value in any significant way. Proper care should be taken to miniiize any

hreaded
possible

red as a

© IS0 2017 - All rights reserved
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Table 1 — Sensor mounting procedures

Type of mounting Suitability Precautions
Threaded Preferred Ensure clean, flat mounting surface
Chemical bonding Preferred Ensure clean, flat mounting surface
Wax Possible Be careful not to use wax on hot surfaces since this will signif-
icantly reduce the upper frequency limit of the mounting. Wax
mounting might influence the upper frequency limit of the meas-
urements even when used on normal temperature surfaces.
Magnetic base Possible Always be careful when assessing parameters involving high
frequency data when measured with magnetic base mounting?
Be careful to use suitable magnetic base type depending-on
mounting surface type. For curved surfaces, use magnetie’base
if surface is single-curved and never use magnetic basefor dou-|
ble-curved surfaces. Make sure mounting surfacelis-€lean. Also,
note that magnetic base performance can vary\with vibration
magnitude.
Handtheld sensor Not applicable
Refer to [SO 5348 for further information regarding the mounting of accelerometers.

6 Eva

6.1 Vi

fuation parameters

bration velocity parameter

6.1.1 General

The vibrjation velocity parameter is measured as thé-broadband vibration magnitude in mm/s r.m
typicallyl within the frequency range of 10 Hz to 5 KHz.

The vibr

htion velocity parameter can be used @as‘an indication of long term spindle condition (LTSC).

The vibration velocity is selected because‘it has been found to reflect long term machine conditia
in a very consistent manner. It is also the preferred parameter in other machine condition relate

Internat

Even if the LTSC parameter is very’low, spindle lifetime can be shortened dramatically by inappropriat

working

onal Standards such as 1S0510816-3[10] and References [18], [19] and [20].

conditions.

The typilcal frequency range of 10 Hz to 5 kHz ensures that low frequency vibrations from buildix

moveme

from a 400 r/min_spihdle would be within the selected frequency band. On the high end, the 5 kH

upper fr

bquencylimit allows for multiple speed harmonics (as would be produced by, for example,

loosely mounted spindle) on a 30 000 r/min spindle to be reflected in the evaluation parameter. Othg
frequendyanges can be used and the used frequency range should be recorded.

hts, etc. are«femoved from the signal but still any unbalance vibration (1 x running speedl)

d

g

Z
a
eI

6.1.2 Spindles with maximum speed between 6 000 r/min and 30 000 r/min

For spindles operating at speeds between 6 000 r/min and 30 000 r/min, typically, one or two speed
ranges may be excluded with respect to the LTSC parameter. This is due to the fact that most such
spindle designs exhibit at least one resonance speed within the nominal operating speed range of the
spindle (see Figure 2). Applying the LTSC parameter at the resonance speeds of a spindle might be
considered an unrealistic demand leading to costly design changes for new machine tools.

Together, the excluded speed ranges can occupy a maximum of 10 % of the nominal speed range of the
spindle. For a spindle with a maximum speed range of 20 000 r/min, the total excluded speed range is
therefore, 2 000 r/min distributed on the excluded ranges.

© ISO 2017 - All rights reserved


https://standardsiso.com/api/?name=51532b1afbbf8adc5f4fd9fc27f895f3

ISO/TR 17243-2:2017(E)

It should be noted that any speed range that the machine tool manufacturer would like to exclude
from the LTSC evaluation parameter should be stated beforehand. The user needs this information to
evaluate any machine tool involving such a spindle.

If such excluded speed ranges are not specified by the machine tool manufacturer, the spindle should be
tested with the assumption that the LTSC parameter applies without exclusions of certain speed ranges.

A

LTSC (mm/s RMS)

] [ 1 [ [ 1
0 25 50 75 100 125 150 175 200% 225 250 275 300
Spindle speed (Hz)

] | [ [ [ I [] ] | ] ] ]
0 3000 6000 9000 12000 15000 18000
Spindle speed (mih™)

1| vibration signal (LTSC) which does not comply with the typical 2 x resonance speed range exclusiqn criteria
because the total width of the speed ranges where the vibration magnitude exceeds the evaluation fone limit
(above line 3) occupies more than 10:% of the nominal speed range of the spindle

vibration signal (LTSC) which do-eomply with 2 x resonance speed range exclusion criteria

evaluation zone limit

Figure 2 — Example ofjlow frequency broad band vibration velocity (LTSC) of 18 000 /min
(300 Hz) spindle

(=)

1.3 Spindleswith maximum operating speed below 6 000 r/min

z3]

br spindles with a maximum speed below 6 000 r/min, the LTSC parameter criteria applied without
hy exclusion of speed ranges.

o8]

6.2~ Vibration acceleration parameter

The short-term vibration acceleration parameter is intended to reflect problems that might lead to a
catastrophic failure of the spindle within a reasonable short time period, in most cases, ranging from
days to six months. For spindles covered by this document, the major concern is the spindle bearings.
Since rather severe bearing problems are not safely detected by low frequency broadband vibration
measurements, the vibration acceleration parameter is measured as broadband vibration magnitude in
m/s2 r.m.s; typically within the frequency range of 2 kHz to 10 kHz.

The vibration acceleration quantity is selected because of its sensitivity to very short vibration impulses
resulting from damaged rolling element bearings. The stipulated frequency range will suppress low
frequency speed harmonics below 2 kHz and is easily measured with most modern instrumentation
since the upper frequency limit is 10 kHz. Other frequency ranges may be used and should be recorded.
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The vibration acceleration parameter can be used as an indication of short-term spindle condition (STSC).

The vibration acceleration evaluation parameter (STSC) does not offer the possibility of excluding
certain speed ranges, whereas the vibration velocity evaluation parameter (LTSC) does offer this
possibility.

7 Spindle classification

7.1 General

Spindles|covered by this document are divided with respect to the following:
— ratefl power;
— maxjmum speed of spindle;

— Dbeatjing type.

7.2 Classification according to rated power
Direct-dfiven spindles and belt-driven spindles are divided into
— spinfles with rated power < 5 kW, and

— spinflles with rated power > 5 kW.

7.3 Classification according to maximum spindle speed

Four spefed ranges are defined, with respect to spindleimaximum speed, expressed in r/min:

Speqd range 1, sr1 600 <sr; <6 000;
Speqd range 2, srp 6 000 < sry < 12:000;
Speqd range 3, sr3 12 000 < sr3/'< 18 000;
Spedd range 4, srs 18 000:< srs <30 000.

Spindle §peed only affects the.vibration evaluation zone boundaries for STSC (vibration acceleration)
and doeq not affect the zone-heundaries for the LTSC (vibration velocity).

Classifichation according\te spindle maximum speed is reflected by four speed range classes in the
general Yibration evaluation zone boundaries, as defined in Figure 3.

7.4 Classification according to bearing type

This doqument divides direct-driven spindles and belt-driven spindles according to the following
bearing types:

— ball bearings (point contact);
— roller bearings (line contact).

Refer to ISO 5593 for further information on different bearing types.

10 © IS0 2017 - All rights reserved
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8 Evaluation
8.1 General

8.1.1 Overview

Both LTSC (vibration velocity) and STSC (vibration acceleration) are addressed.

fa
oh the splndle housmg durmg steady state operatlng condltlons with no load (no cuttlng) an
the nominal speed range. Testing, periodic measurements, as well as continuous menitori
njeasurements are taken without load are covered.

[ff measurement results are suspected to be influenced by signals not coming fronythe spindle
halysis in the frequency domain, e.g. fast Fourier transform (FFT) analysis, eavelope analysis
imilar techniques, is useful. However, these analyses are outside the scope of'this document.

2]

—

he evaluation zones have been established by the extensive experience of several large mult
bmpanies over a period of more than 15 years, covering a significant'number of machines.

(@)

Numerical values assigned to the zone boundaries defined in~Figure 3 are not intended
5 acceptance specifications, which should be subject to agreement between the maching
anufacturer/supplier and user. However, these values provide guidelines for ensuring th
eficiencies or unrealistic requirements are avoided. In.cértain cases, there might be specific

br example, on low rigidity machine tools or on a long spindle with flange at the rear, higher {
agnitudes can be measured; considering a given spindle condition. Consequently, the m
}resholds could be increased in that case. It\is recommended that the manufacturer exj
t

asons for different zone boundaries, espegially if the zone boundaries are to be set at great
an those recommended by this document.

8|1.2 Measurement uncertainty

Measurement uncertainty is a,combination of the uncertainty of the measuring instruments, t}
ounting procedure, and eléctrical and environmental influences. Refer to 5.1 for recomme
¢garding measuring instruments, 5.3 for sensor mounting procedures, and Clause 4 for pre
berations. If such reeommendations are considered according to ISO 2954:2012, 5.6, ac
easurement uncertainty can be obtained with typical uncertainties for the LTSC and
kceeding 10 % oftheindicated values.

o5 0 =5

The stated typical measurement uncertainty is obtainable under the assumption that elect
e

the influeneing factors.

Fprfurther information, see ISO/IEC Guide 98-3:2008[14] [15] [16] [17],

a
nj
d
apsociated with a particular machine/spindle design,which would require different zone boyndaries.
F
n
t
r

The criteria apply to measurements at the customer’s, as well as tests at the manufacturers test

mts taken
d within
ng when

itself, an
or other

national

to serve
/spindle
at gross
features

Fibration
nitoring
plain the
br values

le sensor
ndations
liminary
ceptable

$TSC not

Fical and

hvironmental factors do not influence the measurements significantly. Refer to 4.1 for infornjation on

8.2 (Criterion I: vibration magnitude

8.2.1 General

This criterion defines limits for acceptable vibration magnitudes measured on the spindle bearings. The
maximum vibration magnitude observed at each measuring location/direction is assessed against the
evaluation zone boundaries for the relevant machine class. When determining vibration magnitudes,
extraneous factors influencing the measurements mentioned in 4.1 should be taken into consideration.
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8.2.2 Evaluation zones

The evaluation zones are defined to permit a qualitative assessment of the vibration of a given spindle
and provide guidelines on possible actions:

Zone A newly commissioned machine tools/spindles;

Zone B normal operating conditions, unrestricted long term operation;

Zone C increased vibration magnitudes, not suitable for long term operation;
Zong¢ D unacceptable vibration magnitudes, critical condition.

8.2.3 Exemplary evaluation zone boundaries

The valyes for the zone boundaries which are given in 8.5 are based on the maximum’broadbarn
vibration values of velocity and acceleration, respectively, when measured in directiotis as specified
5.2. Therjefore, the higher of each of the values measured, in each measurement plane, should be used

8.3 (Crjterion II: change in vibration magnitude

This crit
referenc

some actjions even though zone C of criterion I has not been reached~Stich changes can be instantaneot

or progr
specified
state opég

When cj
same se

conditiofns. Obvious changes in the normal vibration magnitudes, regardless of their total amoun
should b investigated so that a dangerous situation can be avoided. When an increase or decrease
vibration magnitude exceeds 25 % of the upper*value of zone B as defined in 8.5, such changes shou

be consi
initiated

Such diajgnostic investigation can inglude vibration signal spectrum analysis (FFT), specific bearir

conditiol
ISO 230-

8.4 G¢

Zone boundaries are subject to agreement between the machine manufacturer/supplier and user. T}

numeric
as guide

brion provides an assessment of a change in vibration magnitude from a previously establishe
b value. A significant change in broadband vibration magnitude might occur which requirg

essive with time and can indicate incipient damage or some other irregularity. Criterion II
on the basis of the change in the broadband vibration 'magnitude occurring under stead
rating conditions.

iterion II is applied, the vibration measurements being compared should be taken at th
sor location and orientation and under approximately the same machine/spindle operatir

ered significant, particularly if.they are sudden. Diagnostic investigation should then
to ascertain the reason for the ¢hange and to determine what further actions are appropriat

1 analysis methods (Hilberttransformation of vibration signal) or geometric tests according {
.

neral zone boundaries

h1 values assigned to the zone boundaries (see Figure 3) in 8.5 are examples only and can sert
ines forénsuring that gross deficiencies or unrealistic requirements are avoided.

Normall

overhau‘ed machine/spindle.

, the\Upper value assigned to zone A would be a reasonable acceptance value for a new

d

LS
IS

oo P o s fog @

e

12

© ISO 2017 - All rights reserved


https://standardsiso.com/api/?name=51532b1afbbf8adc5f4fd9fc27f895f3

ISO/TR 17243-2:2017(E)

N
Fl%{lre 3 — General zone boundaries

-

O

L5 Examples of egglhtion zone boundary values

o]

e

hble 2 shows exaa:)&s of zone boundary values for typical spindle classes.

Numerical va{g@ assigned to the zone boundaries defined in Figure 3 are not intended
as acceptan?.specifications, which should be subject to agreement between the maching
manufac /supplier and user (customer). However, these values provide guidelines for
that deficiencies or unrealistic requirements are avoided. In certain cases, there can beg
fq a‘ée associated with a particular machine/spindle design which would require differ
bpundaries. Normally, it is necessary for the machine/spindle manufacturer to explain the

600< r/min <6 000 6 000<r/min<12 000 |12000<r/min<18000 | 18 000 <r/min <30 000
a
B
b
LTSC
/s RMS—
c
N
i
ii B
il B O\
STSC iv \\Q B
2
(m/sz RMS) ; © ‘\0
2 ’
(6
vi A \‘9 ©
vii
viii

to serve
/spindle
ensuring
specific
ent zone
reasons

for different zone boundaries, especially if the zone boundaries are to be set at greater values than

recommended by this document.
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Table 2 — Examples of evaluation zone boundary values

Spindle classification
Zone ] Rated Rated Rated Rated
boundary Unit power < 5_kW power > 5_ kw power <5 l_(W power > 5 l_(W
ball bearing ball bearing roller bearing roller bearing
(point contact) (point contact) (line contact) (line contact)
a mm/s r.m.s 0,9 0,9 0,9 0,9
b mm/s r.m.s 1,4 1,8 1,4 1,8
C mm/s r.m.s 2,3 3,6 2,3 3,6
i m/s2 r.m.s 6 6 8 8
ii m/s2 r.m.s 10 10 13 13
iii m/s2 r.m.s 15 15 20 20
iv m/s2 r.m.s 20 20 26 26
\% m/s? r.m.s 25 25 32 32
vi m/s2 r.m.s 30 30 39 39
vii m/s2 r.m.s 40 40 52 52
viii m/s2 r.m.s 50 50 65 65
8.6 Operational limits
8.6.1 General

Operatignal limits for the vibration magnitudes given heretefer solely to the condition of the machire
tool spirnldle. Refer to ISO 230-7 for information on vibration issues related to work piece quality and
spindle grror motion.

8.6.2 etting of alerts

The alerf values aim to indicate a change:of broadband vibration magnitude irrespective of spind
classificgtion. For specific spindles it is trué that they might exhibit extremely low broadband vibratia
magnitufles. In these cases, the general'recommendation for setting the alarm values could genera
values eixceeding three times the~spindle baseline values. In such cases, the broadband vibratiq
magnitufles could change very significantly without violating the alarm values.

S o S o

For thes¢ reasons, the alertiratue is introduced. Typically, the alert value can be set to 1,4 to 2,0 timgs
established baseline value-depending on baseline fluctuation over time.

Although not covered™in this document, it should be noted that for certain machine/spindle type
vibration magnitudégs exceeding the alert value might induce detrimental effects on work piece qualitjy.
This is especially~true for grinding machines.

[72)
-

8.6.3 étting of alarms

The alarm values may vary considerably, up or down, for specific spindles. The values will normally be
set relative to a baseline value determined from experience for the measurement position and direction
for that particular machine type.

It is recommended that the alarm value be set higher than the baseline by an amount equal to 25 % of
the upper limit for zone B. If the baseline is low, the alarm value may be below zone C. See ISO 20816-1
and ISO 10816-3.

If there is no established baseline (e.g. with a new machine), the initial alarm setting should be based
either on experience with similar machines or relative to agreed acceptance values. After a period of
time, the steady-state baseline will be established and the alarm setting should be adjusted accordingly.
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