INTERNATIONAL ISO
STANDARD 20816-9

First edition
2020-06

Mechanical vibration — Measurement
and evaluation of machine
vibration —

Part 9:
Gear units

Vibrations mécaniques >— Mesurage et évaluation des vibrations de
machines —

Partie 9: Engrenages

Reference number
1SO 20816-9:2020(E)

©1S0 2020



https://standardsiso.com/api/?name=98f259096338a16944a8974cc917f014

ISO 20816-9:2020(E)

COPYRIGHT PROTECTED DOCUMENT

© 1S0 2020

All rights reserved. Unless otherwise specified, or required in the context of its implementation, no part of this publication may
be reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying, or posting
on the internet or an intranet, without prior written permission. Permission can be requested from either ISO at the address
below or [SO’s member body in the country of the requester.

ISO copyright office

CP 401 o Ch. de Blandonnet 8
CH-1214 Vernier, Geneva
Phone: +41 22 749 01 11
Fax: +41 22 749 09 47
Email: copyright@iso.org
Website: www.iso.org

Published in Switzerland

ii © IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=98f259096338a16944a8974cc917f014

IS0 20816-9:2020(E)

Contents Page
FOT@WONM ... oottt iv
00T 00 X0 ) ot o (0) o VOSSOSO \ 14
1 S0P ... 1
2 NOIMALIVE FEECT@INCES ...........ooooooooeoeeeeeeeeeeeeeeeeeeeeeeeeeeesees et 1
3 LS LTI Y o 0 LT 00 0 ) o 2
4' GCllCl a} ....................................................................................................................................................................................................
4.1 System considered
4.2 Effects of the SYSTEIM ... Y oo e 2
4.3 Housing or shaft MeasuremMents ...y e e 2
5 L RTS8 a0 00T 41 1 00 ) o OSSOSO () S 3
5.1
1. General instrumentation reqUIremMents. ... S
5.1.2  Shaft measurement inStrumentation ... N e
5.1.3  Housing measurement instrumentation
5.2 Measurement freqUENCY FANEE ... S e
5.3 PermISSIDIE @ITOTS. ...ooooooooeeeeeeeeeeeeeeeeeeeesosp e S
5.4 (OF: 15105 =15 10} s LTI i e
6 Vibration MeasUIreIMEIIES ... A e e eeseeseeseeseeseseeeeeeseeneeseesee| e 4
6.1 Y ST 1 s LT 1S DN Q=) 0 6 1) 0 X oy 25 S 4
6.2 Housing Measurements..........nsl@uiieeiseesessieees s, 5
6.3 LSO R T 0Y 80 0TSz 1510 D =) 6 0 1<) 6 L oo A 5
7 B ST 00 4 U0 L (o) 0 F OO oo
7.1 General ...
7.2 Arrangement of the test system.......
7.2.1  Manufacturer's shop test..
7.2.2  On-site acceptance tests....
7.2.3  In-service monitoring..... .
7.3 B STS] o0 ) 00 N5 10} s Lo
8 I DNTZ TR0 E T T0) 0 T ol @ 1 1<) @ s L
8.1 General
8.2 AT YRR T U073 h70) 0 U
8.3 ACCEPEANCE CITEOTIA ..o
8.4 Vibration evaluation zone boundaries ..
8.5 (01 = TS3 0 Lor= 18 (o) s -
9 TESTI@POT L ...t | e 9
95t LT3 0 =) o= oSO S 9
9.2 1Y D0 B 2= 001 <Y O 9
93 ﬂpprqﬁng data 9
9.4 Description of the arran@emENT. ........ ...t 10
9.5 Measuring equipment
9.6 Test measuremMents anNd FESULES. ... 10
9.7 ACCEPLANCE ST APPTOVAL ..o 10
Annex A (informative) Rating curves for vibration displacement and velocity measurements ........ 11
Annex B (informative) Effects 0f the SYSTEIM ... 15
Annex C (informative) Vibration instruments and characteristics considerations ... 17
BIDLEOZTAPIY . ...t 19
© 1S0 2020 - All rights reserved iii


https://standardsiso.com/api/?name=98f259096338a16944a8974cc917f014

ISO 20816-9:2020(E)

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.

The proceglures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial riyles of the ISO/IEC Directives, Part 2 (see www. iso. org/directives).
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Introduction

ISO 20816-1 is the part of the ISO 20816 series that gives the general requirements for evaluating the
vibration of various machine types when the vibration measurements are made on both non-rotating
parts and rotating shafts.

ISO 20816-9 (this document) provides specific provisions for assessing the vibration of individually
housed, enclosed, speed increasing or speed reducing gear units. It can be used for acceptance testing,
and, by agreement between manufacturer and customer and/or operator, for guidance for routine
operational measurements.

Guiflance is provided for assessing the vibration of gear units when operating under-s
congditions and considering the magnitude of the observed vibration. However, no criterid ar
for fransient operating conditions.

The

However, because of advances in technology, the use of narrow-band measurements or specti

has

monitoring and diagnostics. The specification of criteria for such measurements is beyond t

this
estz

evaluation procedures presented in this document are based on brodd-band mea
become increasingly widespread, particularly for the purposes of vibration evaluation

document. They are provided in greater detail in the relevant parts of the ISO 13373 s¢
iblish requirements for the vibration condition monitoring of machines.

feady-state
e provided

Surements.
al analysis
, condition
he scope of
ries which
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Mechanical vibration — Measurement and evaluation of
machine vibration —

Part 9:
Gear units

1
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appllication to the evaluation of-the condition of those gears. Specialist techniques for eva

con

Thi
the

Scope
5 document specifies requirements for determining and classifying mechanical v

isuring housing and shaft vibrations, and the types of instrumentation, méasurement m
ing procedures for determining vibration magnitudes. Vibration grades for acceptance aj

bional vibration measurements are outside the scope of this document:

bplies to a gear unit operating within its design speed, load,temperature and lubricatio
eptance testing at the manufacturer's facility. By agreement between manufacturer an

or operator, it can be used for guidelines for on-site acceptance testing and for routine
jsurements.

itional speeds between 30 r/min and 12 000 r/min (0,5 Hz to 200 Hz).

5 document does not apply to special orjauxiliary drive trains, such as integrated §
pressors, pumps, turbines, etc., or gear type clutches used on combined-cycle turbo geng
fer take-off gears.

evaluation criteria provided in this document can be applied to the vibration of the mai
put bearings of the gearbox and to the vibration of internal shaft bearings. They can h

dition of gears are outside.the scope of this document.

5 document establishes provisions under normal steady-state operating conditions for
severity of the following in-situ broad-band vibration:

bration of

vidually housed, enclosed, speed increasing or speed reducing gear units, It 'specifies methods for

bthods and
e included.

h range for
customer

1perational

5 document applies to gear units of nominal power rating from 10 kW to 100 MW and nominal

bear-driven
rators and

h input and
hve limited
uating the

evaluating

a) |structural vibration at all main bearing housings or pedestals measured radially (i.e. trapsverse) to
the shaft axis;

b) |structural vibration at thrust bearing housings measured in the axial direction;

c) |vibration of rotating shafts radially (i.e. transverse) to the shaft axis at, or close td, the main
bearings;

d) structural vibration on the gear casing.

NOTE Vibration occurring during non-steady-state conditions (when transient changes are taking place),

including run up or run down, initial loading and load changes are outside the scope of this document.

2

Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

© IS0 2020 - All rights reserved
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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 10817-1, Rotating shaft vibration measuring systems — Part 1: Relative and absolute sensing of radial

vibration

3 Terms and definitions

For the purposes of thisdocument thetermsand-definitions Sivcu tr156-204tand-thefolow iug ap ply
ISO and [EC maintain terminological databases for use in standardization at the following addresse:
— ISO Online browsing platform: available at https://www.iso.org/obp

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

31

gear unit

mechanical input/output device with a series of at least two meshing gears

4 General

4.1 Systpm considered

For manufacturer's factory testing, the gear unit shall be measured and tested in such a manner as to
minimize, fis far as possible, effects of the system (see Alinex B). For in-field service testing, the drjver
and driver] machine components, mounting and otherfactors can influence the vibration of the gear
unit. Otherf International Standards and vibration eyaluation can be required for measuring the drjver
or driven machine when operating in-field service.

4.2 Effects of the system

Vibration thagnitudes of the gear unityin field service can be adversely affected by factors beyond|the
control of the gear unit manufacturer, as listed in Annex B. It is preferable to estimate the vibratiopn of
the whole $ystem and to check(the system effects at the initial design stage of a transmission sysfem.
The responsibility for checking should be clearly defined during this stage and all interested parfties
made awaile of the decision:

4.3 Houking or shaft measurements

The vibratjons,of-a-gear unit can be measured in two ways, i.e. on the housing (casing) or relative to|the

shafts. Hoyising. vibration measurements are preferred for gear units operating with rolling elenjent
bearings vthn.&&dmﬂnﬂi&ﬂ@umﬂ@ﬂﬁd&:ﬂaﬂmmm@maﬂ%aﬂurs

between the shaft and housing.

Both shaft and housing vibration measurements are usually made on gear units operating with plain
journal bearings (fluid-film bearings). Shaft vibration measurements can provide detailed information
which is sometimes not evident from housing measurements, but only over a limited frequency range
(typically up to 500 Hz).

Care shall be taken when choosing the measurement instrument to be used for a given gear unit and
operating conditions, as each instrument has its own characteristics (see Annex C). Where possible, it
is useful to combine both shaft and housing vibration measurements to obtain the absolute motion of a
gear or a shaft.

© IS0 2020 - All rights reserved
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When operating conditions during acceptance testing deviate considerably from field service, the
differences shall be taken into account in the assessment of vibration data.

5

5.1

5.1.

Instrumentation

Type

1 General instrumentation requirements

Vib
veld

ation shall be measured Using IMSTrumentation capabie of measuring broad-band a
city and/or displacement, as appropriate, over frequency ranges specified below.

celeration,

Carp should be taken to ensure that the measuring system is not influenced by environmental factors

such as:

temperature variations;

magnetic fields;

surface finish;

power source variations;
transducer cable length;

transducer orientation.

Parficular attention should be given to ensure that-the vibration transducers are correctly mounted

and

Thd
mes
sho

5.1
The

trapsducer or proximity/probe.

The
NO'I

freq
velo

5.1

that such mountings do not degrade the acciiracy of the measurements.

type and use of vibration instrumentation systems shall conform to ISO 2954 for housi
isurement and shall conform to ISO 10817-1 for shaft vibration measurement. The instr
11d preferably include a facility for time and spectral frequency analysis.

2 Shaft measurement instrumentation

recommended type of transducer for measuring relative shaft vibration is a non

instrument shallallow a reading of peak or peak-to-peak values of vibration displacement

E Shaft-tiding transducers are no longer in common use, but if fitted, can be acceptable if th
uency of the shaft is less than 3 000 r/min, the signal frequency is less than 200 Hz, and surf
city is lessthan 30 m/s.

vibration
mentation

contacting

o be taken.

e rotational
ace rubbing

3C~ Housing measurement instrumentation

The recommended type of transducer for measuring housing vibration is a seismic transducer
measuring velocity or acceleration. In order to measure acceleration, velocity and displacement, it is
preferable to use an accelerometer. The instrumentation used to acquire the signal should be capable
of displaying the root-mean-square (RMS) values of vibration velocity in millimetres per second and
the true peak values of vibration acceleration in metres per second per second. The mounting method
can affect the frequency response of the transducer; it should therefore preferably be mounted with a
screw or stud or using a suitable bonding material. Magnet-mounted accelerometers can be acceptable
if the highest fundamental frequency of tooth meshing is less than 2 000 Hz. Hand-held housing
measurements are not acceptable for acceptance testing.

NOTE Information on mounting transducers is contained in ISO 5348 and ISO 13373-1.

©IS
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5.2 Measurement frequency range

The instrumentation shall be capable of measuring from half the lowest shaft rotational speed to at
least 3,5 times the highest tooth mesh frequency.

The shaft displacement frequency measurement range shall be from 2 Hz to atleast 500 Hz. The housing
velocity frequency measurement range shall be from 10 Hz to at least 2 000 Hz. The acceleration
frequency measurement range shall be from 10 Hz to 5 000 Hz. If a component rotational speed or tooth
meshing frequency occurs outside these ranges, revised frequency ranges shall be agreed between the

gear unit manufacturer and customer and/or operator.

5.3 Perlhissible errors

The measu
capable of

the entire pperating frequency range.

NOTE

5.4 Calil

For accept
any specif
gear unit a

For in-situ
out regula
five years.
NOTE 1

NOTE 2

6 Vibra

6.1 Shaft measurements

Vibration
transducer
orthogona
especially
agreed bet
given in IS

ring instrumentation system, including both the transducer and instrumentation, shal
indicating the vibration magnitude within a permissible error of +10 % of the reading ¢

fuidance on transducer selection is given in 1ISO 13373-1.

bration

hnce testing, the vibration instrumentation shall be checked,against a reference signal
ed adjustments made immediately before and rechecked immediately after each serieg
Cceptance vibration measurements have been taken.

measurements, calibration of the complete measuring equipment system should be car
'ly as specified by the instrumentation supplier~Galibrations are typically valid for on

tuidance on transducer calibration by comparisen is given in ISO 16063-21.

fuidance on transducer in-situ calibration 1s' given in ISO 16063-44.

tion measurements

lisplacement of the.shafts should be measured relative to the housing. Non-contac
s (proximity prebes) are normally used to measure radial vibration displacement, fitte
pairs through the journal bearing housing. Shaft vibration can also be measured axi

I be
ver

and
s of

ried
b to

[ing
d in
hlly,

when fluid-filim thrust bearings are fitted. The number and location of transducers shalll be

ween the gear unit customer and manufacturer. Guidance on mounting proximity probg
D 10817-%.

Prior tor
may be cat

nnmg the gear unit up to its rated speed(s) slow- roll measurements of shaft dlsplace

sis

ent

frequencies (e.g. <5 Hz) Such measurements cannot normally be regarded as glvmg a valld 1r1d1cat10n of
shaft runout under normal operating conditions, since they can be affected by, for example, temporary
bows, erratic movements of the shaft within the bearing clearance, and axial movements. Subtraction of
slow-roll measurements from rated-speed vibration measurements should not be carried out without
careful consideration of these factors, since the results can provide a misleading interpretation of the
machine vibration.

The combined mechanical and electrical runout should not exceed 25 % of the allowable vibration
displacement at the shaft rotational frequency, or 6 um, whichever is greater.

© IS0 2020 - All rights reserved
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6.2 Housing measurements

Housing vibration shall be measured on a rigid housing section such as a bearing block. Measurements
should not be made on housing sections which do not support bearings or are not rigid, since they
will not provide a true indication of gear unit vibration. Measurements shall be taken in up to three
orthogonal directions, two of which lie in a plane perpendicular to the rotating axis of the gears. If
the load zone of the bearing is known, it is preferable to measure radially in this direction; otherwise
horizontal, vertical and axial are the preferred measurement directions. Axial measurements can give
additional information on faults such as gear misalignment and unbalance.

It is recommended that measurements be taken at each accessible bearing location on a gear unit. If a
beafring block is inaccessible, then the nearest mounting point may be used giving due cons&ieration to
the|transmission path from the bearing to this location. The number and location of transducers shall
be dgreed between the manufacturer and customer and/or operator.

6.3| Units of measurement

The preferred units of measurement are given in Table 1.

Table 1 — Units of measurement

Quantity Unit
Displacement (peak-to-peak) pm
Velocity (RMS) mm/s
Acceleration (peak) m/s2
Frequency Hz

7 |Test conditions

7.1 General

Thg measurement of vibration on a gear unit can be conducted during:
a) |manufacturer's shop test;

b) |on-site acceptance tésting;

c) |in-service monitering.

Sperial provisions'can be required for vibration measurements in each case. The type of mdasurement
and| acceptarce values for each case should be agreed between the manufacturer and custpmer at an
early stage-of'negotiation.

7.2| “Arrangement of the test system

7.2.1 Manufacturer's shop test

The mechanism for driving the gearbox during a shop test shall be the gear unit manufacturer's
responsibility unless otherwise negotiated with the customer and/or operator.

The test transmission, driver, gear unit and any load applied shall be connected by the in-service
couplings or by couplings with similar effective overhung masses. The gear unit can be tested with no-
load or with a light load to stabilize operation or in accordance with the conditions set out in 7.3.

© IS0 2020 - All rights reserved 5
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7.2.2 On-site acceptance tests

On-site acceptance tests shall be carried out with the gear unit in the as-fitted, in-service configuration,
which shall be agreed between the gear unit manufacturer and customer and/or operator.

7.2.3 In-service monitoring

In-service monitoring shall be carried out with the gear unit in its in-service operating configuration,
to be agreed between the gear unit manufacturer and customer and/or operator.

7.3 Test

1.
COIIUIUIOID

The follow|ng test conditions shall apply, unless otherwise agreed between the gear unit mantfactyirer

and customer and/or operator:

a) the gear unit shall be tested at its intended in-service operating speed or, if designéd for variaple-
speed pervice, at the minimum, maximum and median values of its specified in-sexvice speed rahge;

b) the gedqr unit shall be tested in its intended direction of rotation or, if reversibl€, in both directipns;

c) the gear unit shall be tested within its design load range;

d) the gear unit shall be tested using the operating lubricating systeii and the appropriate type and
viscosity of lubricant;

e) the gear unit shall be tested when the machinery is operatingwithin its design temperature rapge.

8 Evaluation criteria

8.1 General

Guidelines|are presented for vibration criteria,measured at steady-state operating conditions at|the

specified rpted speed and load ranges, including normal slow changes in power output. The vibrafion

criteria described represent target values which give provisions for ensuring that gross deficiencies or

unrealistig

The values
to them, ad

The evalu
transmitte

vibration dlue to transmitted vibration from external sources (either steady-state or intermittg

measurem
of the tran

requirements are avoided.‘Fhey serve as a basis for defining acceptance test specificatic

ceptable long-term.operation can be expected.

htion criteria grelate to the vibration produced by the gear unit and not to vibra
d from outsidethe unit. If it is suspected that there is a significant influence on the measu

ents shotlld be taken with the gear unit shut down in order to confirm this. If the magnit
bmittedwibration is unacceptable, steps should be taken to remedy the situation.

8.2 Evaluation=z

HI-OC

ns.

presented are the result.of experience with machinery of this type and, if due regard is paid

[ion
red
nt),
ude

Jiiv o

The maximum vibration magnitude observed at each measurement location and orientation is assessed
against four evaluation zones.

The following evaluation zones are defined to permit a qualitative assessment of the vibration of a given
machine under steady-state running conditions at its rated speed, and to provide guidance on possible
actions.

Zone A: The vibration of newly commissioned machines normally falls within this zone.
NOTE1 The effort required to achieve vibration within zone A can be disproportionate and unnecessary.

Zone B: Machines with vibration within this zone are normally considered acceptable for unrestricted
long-term operation.

6 © IS0 2020 - All rights reserved
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Zone C: Machines with vibration within this zone are normally considered unsatisfactory for long-term,
continuous operation. Generally, the machine may be operated for a limited period in this condition
until a suitable opportunity arises for remedial action.

Zone D: Vibration values within this zone are normally considered to be of sufficient severity to cause
damage to the machine.

NOTE 2

8.3

Acceptance criteria

Guidance on setting alarms or trips is given in ISO 20816-1.

Accpptance criteria should always be subject to agreement between the manufacturer angl customer
andl/or operator. Prior negotiation is encouraged.

The evaluation zones described in 8.2 provide a basis for defining acceptance (oriteria
refyrbished machines, but the numerical values assigned to the zone boundaries are not
intdnded to serve as acceptance specifications. Historically, for new machines;acceptance cr
beep specified in zone A or zone B but would normally not exceed 1,25 times.the zone A/B b

Dif’
exp
Acc
load

acc
prid

8.4
Gui

erience with similar units.

r to servicing.

Vibration evaluation zone boundaries

Hance values for vibration limits are shown\n Tables 2, 3 and 4.

bptance tests shall be carried out under clearly defined ddration and operating pararn
|, temperature, lubrication). After major component repla¢ement, maintenance or servicg
eptance criteria shall take into account the scope of thése activities and the vibration

Table 2 — Values for shaft vibration displacement at zone boundaries

Shaft relative vibration peak-to-peak displacement
Displacement at zone boundaries
rating pum
Zone boundary

(DR) A/B B/C Cc/D

315 20,0 31,5 50,0

50,0 31,5 50,0 80,0

80,0 50,0 80,0 125
125,0 80,0 125,0 200,0
200,0 125,0 200,0 315,0

NOTE Displacementrating (DR) is described in Annex A (See Figure A.1)

for new or
themselves
iteria have
bundary.

rent acceptance criteria can be agreed upon based on specific design characteristics ajnd/or fleet

heters (e.g.
b activities,
behaviour

Table 3 — Values for housing vibration velocity at zone boundaries

Housing vibration RMS velocity at zone boundaries
Velocity
rating mm/s
Zone boundary
(VR) A/B B/C Cc/D
3,15 2,0 3,15 5,0
5,0 3,15 50 8,0
NOTE Velocity rating (VR) is described in Annex A (See Figure A.2).

© IS0 2020 - All rights reserved
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Table 3 (continued)

Housing vibration RMS velocity at zone boundaries
Velocity
rating mm/s
Zone boundary
(VR) A/B B/C Cc/D
8,0 5,0 8,0 12,5
12,5 8,0 12,5 20,0
20,0 12,5 20,0 31,5
NOTE Velocity rating (VR) is described in Annex A (See Figure A.2).

Table 4 — Values for housing vibration acceleration at zone boundaries

Housing vibration true peak acceleration
Acceleration at zone boundaries
rating m/s?
Zone boundary
(AR) A/B B/C C/D
5,0 3,15 5,0 8,0
8,0 5,0 8,0 12,5
12,5 8,0 12,5 20,0
20,0 12,5 20,0 31,5
31,5 20,0 316 50,0
50,0 31,5 50,0 80,0
80,0 50,0 80,0 125,0
125,0 80,0 125,0 200,0
200,0 125,0 200,0 315,0
NOTE Acceleration rating (AR) is derived from VR curves in Annex A (See Figure A.2).

The zone Boundaries apply to vibratien*measurements taken under steady-state conditions at rgted
speed. Thg numerical values assigned to the zone boundaries were established from representative
data provigled by manufacturers.and users, originally published in ISO 8579-2:1993%.

In most casges, the values given.are consistent with ensuring that the dynamic loads transmitted to|the
bearing support structuge-and foundation are acceptable and that running clearances are maintained.
However, in certain cagses, there can be specific features or available experience associated With
a particuldr machine'‘\type which can require other values (higher or lower) to be used for the Zone
boundarie$. For example, shaft relative displacement should typically not be allowed to exceed 70 4o of
the availatlle bearing clearance.

NOTE ables 2 and 3 are based on curves showing the vibration rating system for shaft displacement|and
housing velocity measurements shown in Figures A.1 and A.2. ISO 8579-2:1993 did not provide acceleration
guidelines. However, Table 4 is now additionally provided which was also derived from Figure A.2 (rating curves
for housing vibration velocity). RMS velocity ratings have been converted to peak acceleration at a conversion
point of 280 Hz.

Higher vibration levels can be permitted depending on the application and power or at other
measurement positions and during transient conditions. Annex A gives an example of a subjective
interpretation of the guide values taking into account variations of gear unit type and power rating.

1) Withdrawn; see Foreword.
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Classifications and vibration ratings for a range of typical gear units under manufacturer's test are
shown in Table 5.

Table 5 — Classification of typical types of gear units

Vibration ratings
Class | Subclass Examples of gear units Power DR VR AR
[ a) Special-purpose, enclosed, precision single or dou- Any 31,5 3,15 50,0
ble helical one or two stage speed INcreasers and
reducers of parallel shaft design.
b) Industrial, marine, etc.2 Lowa 31,5 3,15 b
Higha 50,0 5,0 b
II a) General-purpose, enclosed, single or multi-stage Any 50,0 5,0 80,0
gear units incorporating parallel shaft, helical and
right-angle spiral bevel gears.
b) High-speed (over 3 600 r/min). Lowa 50,0 5,0 b
Industrial, marine etc.2 High? 80,0 8,0 b
M1 a) General-purpose, enclosed, single or two-stage Any 80,0 8,0 125,0
reduction gear units incorporating epicycli¢
(planetary) gears.
b) Industrial, marine, etc.2 Lowa 80,0 8,0 b
Higha 125,0 12,5 b
(% a) General-purpose enclosed, single ormulti-stage Any 125,0 20,0 125,0
straight cut reduction gear units;’e.g. calenders,
extruders, etc:
b) Mill;éte. Low? 125,0 12,5 b
Industrial}imarine, etc.2 Higha 200,0 20,0 b
a |See Figure A.3.
b INo information available at this time.
DR E displacement rating, VR = velocity rating, AR = acceleration rating. (See Annex A).
Clagsifications may be(agreed between the manufacturer and customer and/or operftor, using
experience or results-«of operation.
NOTE As and-when circumstances permit, recommendations for vibration ratings for other types of gear
unitf can be included.
9 |Testreport
9.1 General

The test report shall include a reference to this document, i.e. ISO 20816-9, together with the information
specified in 9.2 to 9.7 and any unusual features observed.

9.2 Manufacturer

Type and description of the gear unit being measured.

9.3 Operating data

Test operating data, conditions for setting-up and running the gear unit, including mounting, coupling
and bearing characteristics.
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Special attention shall be drawn to any deviation from the conditions specified in 7.3.

9.4 Description of the arrangement

Descriptions shall be provided (including a dimensional sketch of the arrangement of the gear unit), of
position, axis and data from individual measurement points in accordance with the requirements of 6.1
and 6.2.

9.5 Measuring equipment

All measurfing equipment used snall be listed by make and type.

9.6 Testimeasurements and results

Test measpirements and results shall include one or more of the following parameters for dach
measurement position:

a) overal| vibration values;

b) major yibration frequency components and their amplitude;
c) frequency spectra;

d) time waveform.

A fluctuatipg reading shall be recorded as a subjective average:

9.7 Accgptance test approval

The acceptpnce test report shall include the following\information:

a) Locatipn of acceptance test;

b) Date(s) of acceptance test;

c) Name(p), position(s) and qualification(s) of person(s) carrying out the acceptance test;

d) Signatpire(s) of responsible pekson(s).

10 © IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=98f259096338a16944a8974cc917f014

IS0 20816-9:2020(E)

Annex A
(informative)

Rating curves for vibration displacement and velocity

measurements

A.]I General

Cur]

sho

ves describing the rating system for shaft displacement and housing velocity-meéasur
wn in Figures A.1 and A.2 to form a common basis for comparison. The acceptable rating

appllication can be chosen from the figures and agreed upon between the manufacturer an

and|

crit

An
sho

A.2

A.2
Vib

wel

acc
the

to ¢

legi

A2

or operator at an early stage of negotiation. Acceptability can be established from eit}
erion for the entire gear unit or separate criteria for each shaft or measurement position

ivn in A.3.

Vibration amplitude curves
.1 General
Fation characteristics are plotted against frequency in Figures A.1 and A.2. Filtered me3
bptably exist at the same time, each one at the allowable limit for that frequency as detert]
curves. Equipment capable of frequency analysis is required for this purpose. Care sha

nsure that this equipment can resolve the vibration into individual component frequenci
fimate comparison can be madeWith the figures.

.2 Instrument settings

Changing the settings of ‘instruments such as Fast Fourier Transform (FFT) analyser

app|
sanj
cony

A2

If fn
top

a)

arently different pesults. This depends upon factors such as: sampling frequency,
parisons between readings, similar instrument settings should be used in each case.

.3 Overall value

equeiiey spectra are not obtainable or not known, one or both of the following methods nf
rovide an indication of acceptability:

bments are
for a given
l customer
er a single

example of subjective vibration rating curves for several classes of-typical gear unit applications is

surements

e used to create these figures. Several domponents of vibration at different frequencies can

hined from
11 be taken
s so thata

5 can give
number of

ples, maximum frequency (f,,,,) and the amount of random vibration present. To make meaningful

ay be used

the test result is acceptable if the nominal value of the housing overall velocity does not
maximum of the velocity rating grade (see Figure A.2);

exceed the

b) anominal shaft displacement value is taken from Figure A.1 using the shaft rotational speed as the

NOTE

discrete frequency of the grade.

The use of a value from Figure A.1 or A.2 for an overall acceptance, in place of filtered measurements,

reduces the allowable vibration (i.e. increases the vibration rating of the gear unit) unless it is known that the
vibration is predominantly due to one or two major frequency components.
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A.2.4 Rating of measured shaft displacements

Peak-to-peak values of shaft displacement may be rated using Figure A.1. The rating of a gear shaft shall
be based on the lowest line enclosing all the measured filtered shaft displacements. A particular gear
unit shall be given the highest rating measured on all the shafts monitored.

400
d DR 200
\\
DR 125 ™
N \
100 ~
DR 80 > SN
N \ \
\\\ \ N
DR 50 N
\\ \‘ \‘
DR 31,5 NN
N . N
N \ \
\\ N
10 \\
5
1 10 100 f 1 00(
Key
f  frequerjcy, Hz
d peak-tg-peak vibration displacement, pm
DR displacement rating number
NOTE The displacement rating nimber, DR, is equivalent to the displacement of the rating curve up to 5( Hz.
Above 50 Hg, the curves decrease byy10 dB per decade.
Figure A.I=—Rating curves for shaft vibration (displacement rating)
A.2.5 Rafing of measured housing vibration

a given me¢asurin iti hall be based h i ing its complete vibration
spectrum. A particular gear unit shall be given the highest rating measured from all the positions
monitored.
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100
v
VR 20
// N
// VR 125
/ N
7 pd VRS ~ AN
e pd N AN
v P N N
e N\
) VR 5 N NG
I / N
A A N NN
// // 7 LA A% N \\ \\ N
/ / \ N NQ
iy 0
N
N NN
\\
N
1
10 100 1000 f 10 000
Key)
f |frequency, Hz
v |RMS vibration velocity, mm/s
VR |velocity rating number
NOTE The velocity rating number, VR is equivalent to the velocity of the rating curve betweeh 45 Hz and
1 590 Hz. The curves decrease below 45 Hz and above 1 590 Hz at 14 dB per decade.
Figure A.2 -~ Rating curves for housing vibration (velocity rating)
A.3 Subjective vibration rating assessments
A.3l1 General
The vibratioen’of a properly manufactured gear unit varies according to its design, size and gpplication.
Whpt cande acceptable for a large, low-speed mill drive might not be suitable for a precision high-speed
driyelor a marine drive. What can be acceptable for a precision high-speed drive might be unjustifiably
expernsive foratow-speed mittdrive-Careshould therefore betakemrwhemapplying agiverrgrade as an

acceptance criterion.

Figure A.3 shows how subjective vibration ratings for a range of gear unit powers can require limits to
be varied according to the classification and power of the gear unit system.
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200 DR —— 20VR »
]
f"/
T
V17
f"/
el
P
125DR —+ 12,5VR »
]
—’/
//
LA
f"/
el
P
80DR —+ 8VR §
1]
L~
f"/
T
1L
f"/
el
P
50DR -+ 5VR §
1]
L~
f"/
T
1T
f"/
el
P
31,5DR—+ 3,15VR
1 kW 10 kW 100 kW 1MW 10MW P 100 MW
Key
P power
DR displacgment rating number
VR velocity rating number
NOTE For key to Class I to (dass’1V, see Table 5.
Figure’A:3 — Subjective vibration ratings versus gear unit power
A.3.2 Example
An example~of a subjective assessment of the acceptable vibration rating for a typical gear hnit

application during acceptance testing at the manufacturer’s facility is given here. It should only be used
as general guidance for typical gear units.

For example, an industrial or merchant marine gear drive designed to transmit 3 700 kW, at a maximum
shaft speed of 1 500 r/min, would have a vibration rating chosen as follows:

On Figure A.3, the intersection of 3 700 kW (3,7 MW) and the curve for Class III is just below the
DR 125/VR 12,5 rating line.

An economical gear drive could have the acceptance vibration rating set at DR 125 and/or VR 12,5.

Neverthele

14

ss, to be conservative, acceptance levels should be chosen at DR 80, or VR 8, or both.
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