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Foreword

ISO (thel
bodies (I
through

nternational Organization for Standardization) is a worldwide federation of national standards
SO member bodies). The work of preparing International Standards is normally carried out
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 colla
electrote

borates closely with the International Electrotechnical Commission (IEC) on all matters of
chnical standardization.

The prog¢edures used to develop this document and those intended for its further maintenance 'ate
describefd in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed for the

different
editorial

Attentioh is drawn to the possibility that some of the elements of this document may\be the subject pf
patent rights. ISO shall not be held responsible for identifying any or all such patentrights. Details of any
patent rights identified during the development of the document will be in the Antroduction and/or gn

the ISO1

Any trad
constitu

For an ¢

assessment, as well as information about ISO’s adherence to the WTO principles in the Technical Barriers

to Trade

The com
condition

ISO/TR 1

of machife tool spindle vibrations by measurements on spindle housing:

— Part

600 min-1 and 30 000 min-1

— Part
betW

types of ISO documents should be noted. This document was drafted in accordance with the
rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

st of patent declarations received (see www.iso.org/patents).

e name used in this document is information given for the conveniénce of users and does n¢t
e an endorsement.

xplanation on the meaning of ISO specific terms and;expressions related to conformity

(TBT), see the following URL: Foreword — Supplementary information.

mittee responsible for this document is ISO/TE€ 39, Machine tools, Subcommittee SC 2, Teft
s for metal cutting machine tools.

7243 consists of the following parts, undenthe general title Machine tool spindles — Evaluatign

1: Spindles with rolling element~bedrings and integral drives operating at speeds betwedn

2: Direct driven spindles and belt driven spindles with rolling element bearings operating at speeds
reen 600 min~1 and 30 000 min-!
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Introduction

This part of ISO/TR 17243 provides specific guidance for assessing the severity of vibration measured
on the spindle housing at customer site or at the machine tool manufacturer test facilities.

© IS0 2014 - All rights reserved v


https://standardsiso.com/api/?name=1d41e56896740bbc5083611bcfa0a926



https://standardsiso.com/api/?name=1d41e56896740bbc5083611bcfa0a926

TECHNICAL REPORT ISO/TR 17243-1:2014(E)

Machine tool spindles — Evaluation of machine tool

spindle vibrations by measurements on spindle housing —

Part 1:

perating at speeds between 600 min-1 and 30 000 mj

Scope

This part of ISO/TR 17243 provides information on how to assess the severity\of machine tod
vlbrations measured on the spindle housing. The vibration criteria provideghin this part of ISO/’]
apply to spindles with integral drive intended for stationary machine“tools with nominal d

| spindle
'R 17243
perating

speeds between 600 min-1 and 30 000 min-1. This part of ISO/TR 17243 only applies to spindles with

rolling element bearing types.
This part of ISO/TR 17243 applies to spindles assembled on metalcutting machine tools.
This part of ISO/TR 17243 is applicable for testing, periodio verification, and continuous monit

Spindles with bearing types other than rolling element bearings are excluded from thig
I§0/TR 17243.

This part of ISO/TR 17243 does not address geometrical accuracy of axes of rotation (see ISO 2

This part of ISO/TR 17243 does not address-unacceptable cutting performance with regards t
finish and accuracy.

This part of ISO/TR 17243 does notaddress vibration severity issues of machine tool spindles d
at speeds below 600 min-1 or execéeding 30 000 min-1 due to lack of supporting vibration
limitations in many vibration measurement instruments. Also, due to lack of data, machine tool

ith bearing types other than-rolling element bearings are excluded from this part of ISO/TR

This part of ISO/TR~17243 does not address frequency domain analyses such as fas
ttansform (FFT) andlyses, envelope analyses, or other similar techniques.

Normative references
The following documents, in whole or in part, are normatively referenced in this document

indispensable for its application. For dated references, only the edition cited applies. For
r¢ferences, the latest edition of the referenced document (including any amendments) applies.

oring.

part of

30-7).

b surface

perating
data and
spindles
17243,

t fourier

and are
undated

ISO 1925, Mechanical vibration — Balancing — Vocabulary

ISO 1940-1, Mechanical vibration — Balance quality requirements for rotors in a constant (rigid) state —

Part 1: Specification and verification of balance tolerances

[SO 2041, Mechanical vibration, shock and condition monitoring — Vocabulary

ISO 2954:2012, Mechanical vibration of rotating and reciprocating machinery — Requirements for

instruments for measuring vibration severity

ISO 13372, Condition monitoring and diagnostics of machines — Vocabulary

© IS0 2014 - All rights reserved
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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.

NOTE

A concept limited to a special meaning in a particular context is indicated by designating the subject

field in angle brackets (<, >) before the definition. For example, in the context of spindle condition monitoring for
the term entry for alert, see 3.11.

3.1

belt dri
spindle ¥

3.2

directd
machine
transmif

3.3

gear driyven spindle

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
machine

3.8
spindle
root-mes

ClI opiud}c
vhere the power transmission is achieved by a belt between the drive motor and the spindle

Fiven spindle
tool spindle in a motor-coupling-spindle configuration with no belts, gears, ox.ether pow¢r
ting elements in the power train

tool spindle with one or more power transmitting gear 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 differ for specific spindle types and/or operational conditions.

m
condition monitoring> time period of longer than six months

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

t condition monitoring
1, collection, and-interpretation of information and data that indicate the spindle condition ofja
tool spindle

rondition

defined by-specifications

n-square (RMS) values for vibration velocity and acceleration of machine tool spindles as

39

short term spindle condition

STSC

parameter indicating the short term spindle condition of a machine tool spindle

3.10

long term spindle condition

LTSC

parameter indicating the long term spindle condition of a machine tool spindle

© ISO 2014 - All rights reserved
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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

alarm

<spindle condition monitoring> condition where the vibration magnitude induces increased dynamic
load on spindle bearings, reducing bearing lifetime

3[13

threshold for shutdown
cpindle condition monitoring> condition where the vibration magnitude induces high dynamilc load on
the spindle bearings potentially with substantial loss of bearing lifetime

AN

3{14

steady-state operating temperature
<ppindle condition monitoring> condition where machine tool spindle has been running for a gufficient
time to reach a stable operating temperature

4 Preliminary operations

B

1 General

=

(hen measuring vibration, the operational condition dfithe machine tool is of great importapce. This
hrt of [SO/TR 17243 is applicable to all normal operational conditions that the machine tool|could be
1} when machining.

—

=]

br any spindle vibration measurement intended'to characterize the spindle condition accordipg to this
hrt of [SO/TR 17243, important operationalconditions should be recorded; such operational cgnditions
nclude, but are not limited to, characteristics listed in 4.2 to 4.11.

—

When using vibration measurement results for evaluation of spindle condition, other factors
ntributing to or interfering with"the measured signals should be taken into consideration. Such
dctors include spindle motor,crrent control signals with their associated frequencies, infljences of
mlachine foundation and theposition of the other moving components affecting the dynamic fresponse
Fthe overall system, andppssible high level of scatter due to low energy content in the frequerjcy range
Finterest. If such interfering signals or conditions are suspected, frequency analysis techniqugs can be
ced to differentiate’bearing signals from other contributing factors.

(o)

c O O

2 Process)load

o

Alll vibration measurements should be made under no-load conditions (no cutting, milling, or gfrinding).

4.3 Spindle speed

This part of [ISO/TR 17243 is applicable for every speed within the nominal speed range of the machine
tool/spindle. Manufacturer may specify non-continuous speed ranges like 600 min-1 to 17 000 min-1
and 19 000 min-1 to 24 000 min-1 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 to exclude certain speed ranges only applies to the vibration
velocity parameter as defined in 6.1, i.e. indicators for long term spindle condition (LTSC). 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.

© ISO 2014 - All rights reserved 3
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When measuring vibration magnitude as a function of spindle speed, itisimportant 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: Increasing or decreasing the spindle speed in steps not greater than 3 % of spindle maximum
speed with 10 s of constant speed at each such selected speed.

— Acceleration: Increasing or decreasing the spindle speed with a rate of not more than 20 % of
maximum spindle speed per minute.

h h 1 +1 1 11 h P . PR B : e
BOt the@aoove metioas Wi Tesurt T dPPIUKIIIALCTY O I IHIEdSUT THITIIU LTI,

4.4 Thermal conditions

Thermal|conditions have to be agreed upon between manufacturer/supplier and user. If ne‘conditions
are spedified, the tests should be made under conditions as near as possible to those of normpl
operatioh with regards to lubrication and warm-up. Therefore, the machine should have dn idle runnirng
performance in accordance with the conditions of use and the instructions of the manufacturer until the
machine)/spindle has reached steady-state operating temperature. Refer to ISO 230-1 for the installatign
of the machine before testing and warming up of the spindle and other moving\components.

4.5 Splindle position and orientation
Spindle position: ISO/TR 17243-1 is applicable for all possibledlinear axis positions.
Spindle grientation: ISO/TR 17243-1 is applicable for all possible spindle orientations.

Spindle direction of rotation: For spindles that can be gperated in either direction, ISO/TR 17243{1
applies tp both clockwise and counter clockwise spindlerotation.

Spindle position, orientation, and direction of rotatioh for vibration measurements have to be agreqd
upon betfween manufacturer/supplier and user,

4.6 Tool or workpiece balancing

A tool or workpiece mounted in thetspindle might influence the vibration measurements due to the
unbalange of the tool or workpiecevitself. It should be recorded whether a tool/workpiece is usg¢d
during the measurements or not,If used, the mass and balancing grade according to ISO 1940-1 pf
tool/workpiece used during yibration measurements should be recorded.

4.6.1 9Ypindle vibratierimeasurements with a tool/workpiece mounted in the spindle

Care shopld be takento avoid errorsintroduced by the unbalance of the tool/workpiece. For most machire
tools/spindles, this) implies that a balance quality grade of G2.5 or better, according to ISO 1940-1, |is
required. If available, refer to spindle manufacturer recommendations.

4.6.2 Spimdle vibration measurements without tool/workpiece

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

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 © ISO 2014 - All rights reserved
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4.8 Spindle cooling

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

settings should be recorded.

4.9 Drawbar

The drawbar status should be recorded as tool clamped, tool unclamped, or tool improperly clamped.
It is recommended that all spindle vibration measurements be performed with tool clamped or no tool.

Referto 4.6

4110 Background vibration

et

fl the measured vibration magnitude is greater than an acceptance criterion established b
breement between manufacturer/supplier and user and background vibiation is st
easurements should be made with the machine shutdown to determine the degree of external i
fithe vibration magnitude with the machine shut down exceeds 10 % of the value measured

=

=5 =

NOTE Insome cases, the effect of background vibration can be nullifiedby.spectrum analysis or by el
the offending external source.

S

.11 Idle operation

et

tf can be beneficial to conduct vibration measurements.with the spindle idle but other mac
ystems, such as pumps, fans, and hydraulic systems;active. Vibration data acquired this wg
ceful when comparing spindle vibration changes over time.

o wn

]

dle spindle vibration measurements should betaken at the same measurement locations/dire
wnning spindle vibration measurements. Refér to 5.2.

—

5 Measurement and operatignal procedures

(9]}

.1 Measuring instruments

—

he measuring instrument-should comply with requirements of ISO 2954 for a specified fj
inge of 10 Hz to 10 kHz.

—

hrious methods exist to compute the rms value of a specified frequency band. Refer to I

hre should be'taken to ensure that the measurements are not influenced by environmental f
ther external factors including, but not limited to, the following:

—+ _temperature variations;

Vi
Alnnex A for furtherinformation on how to test the rms indicator of any measuring instrument.
C
0

y mutual
spected,
hfluence.
when the

achine is running, corrective action might be necessary to reduce the effect of background vipration.

minating

hine tool
y can be

ctions as

equency

50 2954,

hctors or

— magnetic 11elds;

— sound pressure fields;
— sensor cable length;
— power supply noise.

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

5.2.1 General

For vibration criteria presented in this part of ISO/TR 17243, measurements should be taken on the
spindle housing at the front end of the spindle, as well as at the back end. Preferably, sensor longitudinal
locations should coincide with spindle bearing longitudinal locations as close as possible. Measurements
should be taken in a minimum of two radial directions at both ends of the spindle and in axial direction
in at least one end of the spindle (see Figure 1). It is recognized that the back end of the spindle, in many
cases, ca ; ;

Key
X1,X2 preferred radial measurement locations inyx-axis direction of machine
Y1,Y2 preferred radial measurement locations in y-axis direction of machine
71 pireferred axial measurement locations in Z-axis direction of machine

Figure [l — Examples of preferred measurement locations and possible naming conventions of
cemmon machine/spindle configurations

The preferred sensor)lecations/directions ensure a good mechanical coupling with the mechanicpl
interfacq (the bearifigs) of rotating and non-rotating parts of the machine and hence, ensure low damping
of the vibpration signals with good signal quality.

If, for practical reasons, some of the preferred sensor locations are not deemed possible to access, thege
sensor ldcafions 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.

The two radial measurement directions should be perpendicular to each other and coincide with the
movement axes of the machine tool, such as X and Y or any other axes defined by ISO 841. Refer to
Figure 1 for examples on common machine types.

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

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 measurement repeatability.

6 © ISO 2014 - All rights reserved
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All sensor locations/directions used for vibration measurements should be recorded.

5.2.2 Naming convention for measurement locations

Spindles with integral drive covered by this part of ISO/TR 17243 are used in many different

machine

tool types and applications. Therefore, no obvious naming convention exists for assigning names to the

measurement locations/directions.

The nomenclature is according to ISO 841 when referring to directions coinciding with movement axes

es covered by that International Standard. Possible measurement location name

of machine t
the following:

“Spindle front end X”;
“Spindle back end Y”

any case where measurement location/direction names could be misintetpreted, additid
should be supplied (i.e. a simple drawing).

5|3 Sensor mounting procedures

The sensor mounting should be as rigid as possible, ensuring that mounting procedure does not i
the measured value in any significant way. Proper care should be taken to minimize any sensor 1
r¢sonances and signal saturation.

Fpr acceptance testing of new or overhauled machine tdols or spindles, chemical bonding or
s¢gnsor mounting is recommended since these meunting procedures will ensure best
easurement results for all parameters defined in this part of ISO/TR 17243.

=

1]

hr periodic measurements, sensors mounted onwax or amagnetic base may be considered asa
ternative procedure.

5]

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

Table'l — Sensor mounting procedures

s include

nal data

nfluence
hounting

threaded
possible

practical

Type of mounting Suitability Precautions

—_

hreaded Preferred Ensure clean, flat mounting surface

()

hemical bonding Preferred Ensure clean, flat mounting surface

Wax Possible Be careful not to use wax on hot surfaces since tH
significantly reduce the upper frequency limit of
mounting. Wax mounting might influence the up
frequency limit of the measurements even when
normal temperature surfaces.

is will
the

ber
used on

=

lagneticbase Possible Always be careful when assessing parameters in
ing high frequency data when measured with mg

volv-
gnetic

tic base

P raaiintiag D aprafial o o ol AT
udaosT lllUullLlllS- DU LATICIuTrtu use SuIitduilc Auasnnu

and never use magnetic base for double-curved s
faces. Make sure mounting surface is clean. Also,

magnitude.

type depending on mounting surface type. For curved
surfaces, use magnetic base if surface is single-curved

that magnetic base performance can vary with vibration

ur-
note

Hand-held sensor Not applicable

Refer to [SO 5348 for further information regarding the mounting of accelerometers.
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6 Evaluation parameters

6.1 Vibration velocity parameter

The vibration velocity parameter is measured as the broadband vibration magnitude in mm/s rms,

typically

within the frequency range of 10 Hz to 5 kHz.

The vibration velocity parameter can be used as an indication of long term spindle condition (LTSC).

The vibr

ation velocity is selected because it has been found to reflect long term machine conditi

in a ver)
Internat

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

working

The typi
moveme
a 600 m
frequend
mounted
ranges C

6.1.1 §

For spin
ranges
designs
(see Figu
an unreg

Together
spindle.
therefor

[t should
this eval
machine

If such e
tested w|

NOTE
dynamic

/ consistent manner. It is also the preferred parameter in other machine condition relatg
onal Standards such as ISO 10816-3. See ISO 10816-3 and References [17], [18], and [19}:

conditions.

cal frequency range of 10 Hz to 5 kHz ensures that low frequency vibrations”from buildiy
hts, etc. are removed from the signal but still any unbalance vibration (1xrunning speed) fro

y limit allows for multiple speed harmonics (as would be produced-by, for example, a loose
spindle) on a 30 000 min-1 spindle to be reflected in the evaluationgparameter. Other frequenc
hn be used and the used frequency range should be recorded.

pindles with maximum speed between 6 000 min-1 apnd 30 000 min-1

les operating at speeds between 6 000 min-1 and 30:000 min-1, typically, one or two spee
ay be excluded with respectto the LTSC parameter, This is due to the fact that most such spind
bxhibit at least one resonance speed within the meminal operating speed range of the spind
re 2). Applying the LTSC parameter at the resenance speeds of a spindle might be considerg
listic demand leading to costly design changes for new machine tools.

the excluded speed ranges can occupy@maximum of 10 % of the nominal speed range of t}
For a spindle with a maximum speedirange of 20 000 min-1, the total excluded speed range
e, 2000 min-1 distributed on the-excluded ranges.

be noted that any speed rangesthat the machine tool manufacturer would like to exclude fro
1ation parameter should bestated beforehand. The user needs this information to evaluate ay
tool involving such a spindle.

kcluded speed rangesate not specified by the machine tool manufacturer, the spindle should I
ith the assumptign'that the LTSC parameter applies without exclusions of certain speed range

The resonafice speeds of the spindle correspond closely to the spindle speeds exhibiting minimu
btiffness.

n-1 spindle would be within the selected frequency band. On the high &nd, the 5 kHz upp¢

d

n

m
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s

LTSC (mm/s RMS)

1 | | i 1
0 25 50 75 100 125 160 176 200 225 250 n275 30

Spindle spegd (Hz)

==

1 1 | 1 ] 1 | ] | 1 |
0 3000 6000 9000 12000 15000 180
Spindle speed

I

24
1| vibration signal (LYSC) which does not comply with the typical 2% résonance speed range exclusion ¢
because the total width of the speed ranges where the vibratiénjymagnitude exceeds the evaluation z
(above line 3) occupies more than 10% of the nominal speed(range of the spindle

vibration signal (LTSC) which does not comply with 2x€sonance speed range exclusion criteria

evaluation zone limit

Figure 2 — Example of low frequency broadband vibration velocity (LTSC) of 18 000 |
(300 Hz) spindle

(=)

1.2 Spindles with maximum.eperating speed below 6 000 min-1

1]

br spindles with a maximum §peed below 6 000 min-1, the LTSC parameter criteria applies wit
kclusion of speed ranges.

D

.2 Vibration aceeleration parameter

htastrophic failure of the spindle within a reasonable short time period, in most cases, rang
hys to six.months. For spindles with integral drive covered by ISO/TR 17243-1, the major c
the spindle.bearings. Since rather severe bearing problems are not safely detected by low fi
broadband vibration measurements, the vibration acceleration parameter is measured as by
v]bration magnitude in m/s? rms typically within the frequency range of 2 kHz to 10 kHz.

6
The short termwibration acceleration parameter is intended to reflect problems that might
c
d

DO
(min™)

riteria
ne limit

min-1

hout any

lead to a
ing from
bncern is
equency
oadband

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.

The vibration acceleration parameter can be used as an indication of short term spindle conditio

n (STSC).

The vibration acceleration evaluation parameter (for STSC) does not offer the possibility of excluding

certain speed ranges as the vibration velocity evaluation parameter (for LTSC) does.
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6.3 Demodulated vibration spectra bearing analysis methods

Demodulated vibration spectra refer to specific bearing analysis methods developed to emphasize on
the detection of transient vibration signals emitted by damaged bearings.

However, these methods are currently individual to each instrument manufacturer producing different
numerical values for the same vibration signal and even using different measurement units. For this
reason, it is difficult to introduce the amplitude demodulation technique in ISO/TR 17243. In Annex A,
some further discussions are found regarding these matters.

7 Spindle classification

7.1 General

Spindles|covered by this part of ISO/TR 17243 are divided with respect to the following
— ratefl power;

— maxjmum speed of spindle;

— beatjing type.

7.2 Classification according to rated power
This parf of ISO/TR 17243 divides motor spindles into the following:
— spinfles with rated power <5 kW;

— spinfles with rated power >5 kW.

7.3 Classification according to maximum-spindle speed

This parf of ISO/TR 17243 divides spindles with integral drives into four speed ranges with respect o
spindle thaximum speed.

The follgwing are the speed ranges,€Xpressed in min-1:

— 600 <speed range 1 <6 000

— 600 < speed range)2 <12 000
— 12000  <speedirange 3 <18 000
— 180p0  <gspeedrange 4 <30 000

Spindle ppeed>only affects the vibration evaluation zone boundaries for STSC (short term spind|e

conditiof, ~ibration acceleration) and it does not affect the zone boundaries for the LTSC (long termn
spind]e landition vibration vp]nr‘ify) parameter

Classification according to spindle maximum speed is reflected by four speed range classes in the
general vibration evaluation zone boundaries, as defined in Table 2.

7.4 Classification according to bearing type

This part of [SO/TR 17243 divides motor 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.
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8 Evaluation

8.1 General

This part of ISO/TR 17243 refers to both the LTSC (long term spindle condition, vibration velocity)
parameter, as well as the STSC (short term spindle condition, vibration acceleration) parameter.

The criteria of this part of ISO/TR 17243 apply to measurements at the customer’s, as well as tests
at the manufacturer s testing facility w1th the spmdle mounted in the machine tool Crlterla apply to
b .

=

D load [no cuttmg) and Wlthm the nomlnal speed range Thls part of ISO/TR 17243 applles t0 testing,
pgriodic measurements, as well as continuous monitoring when measurements are taken without load.

[ff measurement results are suspected to be influenced by signals not coming from the'spindlelitself, an
ahalysis in the frequency domain (e.g. fast fourier transform (FFT) analysis, envelope analysis] or other
similar techniques) is useful. These analyses in frequency domain are out of the'scope of this part of
I§0/TR 17243.

—3

he evaluation zones have been established by extensive experience from*several large multjnational
mpanies over a period of more than 15 years, covering a significantthumber of machines.

(@)

Numerical values assigned to the zone boundaries defined in Fable 2 are not intended to [serve as
agceptance specifications which should be subject to agreement between the maching/spindle
manufacturer/supplier and user. However, these values provide guidelines for ensuring that gross
deficiencies or unrealistic requirements are avoided. In_certain cases, there might be specific|features
apsociated with a particular machine/spindle design which would require different zone boyndaries.
Normally, it is necessary for the machine/spindle manufacturer to explain the reasons for diffefent zone
bpundaries, especially if the zone boundaries are to.be set at greater values than recommended by this
phrt of ISO/TR 17243.

1.1 Measurement uncertainty

easurement uncertainty is a combination of uncertainty of measuring instruments, sensor rmounting
rocedure, and electrical and enyitronmental influences. Refer to 5.1 for recommendations rggarding
easuring instruments, refer to 5.3 for sensor mounting procedure, and refer to Clause 4 for preliminary
berations. [f such recommendations are considered according to ISO 2954, 5.6, acceptable meagurement
hcertainty should be obtdined with typical uncertainties for the LTSC and STSC not exceeding +10 %
Fthe indicated value.

occooT 2 0

The stated typical mi@asurement uncertainty is obtainable under the assumption that electrical and
ehvironmental factors do not influence the measurements significantly. Refer to 4.1 for infornjation on
the influencingfactors.

Fpr further information, refer to ISO/IEC Guide 98-3:2008.

8.2 ‘Criterion I: vibration magnitude

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.

8.2.1 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.
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Zone B:
Zone C:

Zone D:

Normal operating conditions, unrestricted long term operation.
Increased vibration magnitudes, not suitable for long term operation.

Unacceptable vibration magnitudes, critical condition.

8.2.2 Exemplary evaluation zone boundaries

The values for the zone boundaries which are given in 8.5 are based on the maximum broadband
vibration values of velocity and acceleration, respectively, when measured in directions as specified

in 5.2. Therefore, the higher of each of the values measured in each measurement plane should be usé

when us

8.3 Crjterion II: change in vibration magnitude

This crit
referenc

some actlions even though zone C of criterion | has not been reached. Such changes/¢an be instantaneot

or progr,

specified on the basis of the change in the broadband vibration magnitude oc€urring under steady-stat

operatin

When ctfiterion II is applied, the vibration measurements being compared should be taken at t}

same se

conditions. 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

vibratio
consider
to ascert
diagnost]
specific
tests acc

8.4 Ge

Zone bo

numericjl values assigned to the-zene boundaries (defined in Table 2) in 8.5 are examples only and mz
serve as guidelines for ensuring that gross deficiencies or unrealistic requirements are avoided.

Normally, the upper value\assigned to zone A would be a reasonable acceptance value for a new
overhauled machine/spindle.

12

ng these tables.

brion provides an assessment of a change in vibration magnitude from a previgusly establishe
e value. A significant change in broadband vibration magnitude might oceur which requirg

pssive with time and can indicate incipient damage or some other irregularity. Criterion II

g conditions.

sor location and orientation and under approximately the)same machine/spindle operatir

magnitude exceeds 25 % of the upper value of zone B as defined in 8.5, such changes should
ed significant particularly if they are sudden. Diagnostic investigations should then be initiatg
ain the reason for the change and to determine what further actions are appropriate. Sug
ic investigation can include vibration signal’spectrum analysis (fast fourier transform, FFT

prding to ISO 230-7.

neral zone boundaries

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

bearing condition analysis methods (Hilbert transformation of vibration signal), or geometrj

d

d
S
IS
is

S Qo S o o

<

=
(@]

r
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Table 2 — General zone boundaries

600<min" <6000 |6000<min-! <12 000 |12000<min™*<18000|18000<min™*<30000

b
LTSC
mm/s rms)
©
i
ii
iii
TSC iv
m/s?rms)
v
vi ©
vii ©
viil
N
85 Examp@)f evaluation zone boundary values
Thble 3 s examples of zone boundary values for typical spindle classes.
Nlurng?al values assigned to the zone boundaries defined in Table 2 are not intended to |serve as
a:(@ nce specifications, which should be subject to agreement between the maching/spindle

anmufacturer/supptier and user {customer)- However, these vatues provide guidetines foremsuring that
gross deficiencies or unrealistic requirements are avoided. In certain cases, there can be specific features
associated with a particular machine/spindle design which would require different zone boundaries.
Normally, it is necessary for the machine/spindle manufacturer to explain the reasons for different zone
boundaries, especially if the zone boundaries are to be set at greater values than recommended by this
part of ISO/TR 17243.

—
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Table 3 — Examples of evaluation zone boundary values

Spindle classification
Zone . Rated Rated Rated Rated
boundary Unit power <5kKW power >5kW power <5kW power >5kW
ball bearing ball bearing roller bearing roller bearing
(point contact) (point contact) (line contact) (line contact)
a mm/s rms 0,7 0,7 0,7 0,7
b mm/s rms 1,1 1,4 1,1 1,4
C mm/s rms 1,8 2,8 1,8 2,8
i m/s2 rms 6 6 8 8
ii m/s2 rms 10 10 13 13
iii m/s2 rms 15 15 20 20
iv m/s2 rms 20 20 26 26
v m/sZ rms 25 25 32 32
vi m/sZ rms 30 30 39 39
vii m/s? rms 40 40 52 52
viii m/s? rms 50 50 65 65
8.6 Operational limits
8.6.1 (eneral

Operatignal limits for vibration magnitudes in this clatise refer solely to the condition of the machiy
tool spirldle. Refer to ISO 230-7 for information on vibration issues related to work piece quality ar
spindle grror motion.

8.6.2 Setting of alerts

The ALERT values aim to indicate a ¢hange of broadband vibration magnitude irrespective of spind
classificdtion. For specific spindles;itis true that they might exhibit extremely low broadband vibratid
magnitufles. In these cases, the genéeral recommendation for setting the ALARM values could genera
values eixceeding three timeS\the spindle baseline values. In such cases, the broadband vibratiqg
magnitufles could change very significantly without violating the ALARM values.

For reas¢ns discussed.above, the ALERT value is introduced. Typically, the ALERT value can be setto 1
to 2,0 tirhes establishéd baseline value depending on baseline fluctuation over time.

Although not cevered in this part of ISO/TR 17243, it should be noted that for certain machine/spind
types splindle\vibration, magnitudes exceeding the ALERT value might induce detrimental effects d
work piecequality. This is especially true for grinding machines.

e

4

8.6.3 Setting 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 should 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 10816-1 and ISO 10816-3.
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