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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.

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

This part of ISO 29821 provides specific guidance on the interpretation of ultrasonic readings and
wave files or frequency and time domain printouts (sometimes called “sound images”) as part of a
programme for condition monitoring and diagnostics of machines. Airborne (AB) and structure-borne
(SB) ultrasound can be used to detect abnormal performance or machine anomalies. The anomalies
are detected as high frequency acoustic events caused by turbulent flow, ionization events and friction,
which are caused, in turn, by incorrect machinery operation, leaks, improper lubrication, worn
components, and/or electrical discharges.

Airborne and structure-borne ultrasound is based on measuring the high frequency soyind that is

gen

rated by either turbulent flow, friction or by the ionization created from the_anon

halies. The

inspector therefore requires an understanding of ultrasound and how it propagates through the

atmjosphere and through structures as a prerequisite to the creation of an airborne and

bor

be in the form of friction, turbulent flow and/or ionization as a property of@he’process, o
by the process itself. As a result, ultrasonic emissions are created and these are an ideal

for
an
to
per

uickly and non-invasively determine the location of an anomaly‘with little setup and in a

e ultrasound programme. Ultrasonic energy is present with the operation 'of all mach

onitoring the performance of machines, the condition of machines; ahd for diagnosir
alies. Ultrasound is an ideal technology to do this monitoring be€ajiSe it provides an ef]

od of time.

structure-
nes. It can
- produced
parameter
g machine
ficient way
very short

© ISO 2016 - All rights reserved


https://standardsiso.com/api/?name=479d8c54dd85ff38a5a96e705527effb



https://standardsiso.com/api/?name=479d8c54dd85ff38a5a96e705527effb

INTERNATIONAL STANDARD

ISO 29821-2:2016(E)

Condition monitoring and diagnostics of machines —
Ultrasound —

Part 2:
Procedures and validation

Thi

2
Thd
ind
refq

ISO

ISO
guid

3

For

4

4.1

Scope

5 part of ISO 29821

provides guidance on establishing severity assessment criteria for anomalies’identified by airborne

(AB) and structure borne (SB) ultrasound,

outlines methods and requirements for carrying out ultrasonic exagiination of machine
safety recommendations and sources of error, and

provides information relative to data interpretation, assessment criteria and reporting.

Normative references

following documents, in whole or in part, arechormatively referenced in this docume

5, including

nt and are

spensable for its application. For dated references, only the edition cited applies. F¢r undated

rences, the latest edition of the referenced:document (including any amendments) appligs.

13372, Condition monitoring and diagnestics of machines — Vocabulary

29821-1:2011, Condition monitoring and diagnostics of machines — Ultrasound — Par{
Jelines

Terms and definitions

the purposes of thisS-document, the terms and definitions given in ISO 13372 and ISO 299

Ultrasonic’condition monitoring

Application of airborne and structure-borne ultrasound within condition

molnitoring programmes

n

1: General

21-1 apply.

Ultrasound is not normally used as a primary monitoring technique in typical condition monitoring
programmes. The exceptions to this are when ultrasound is preferred as a non-invasive indicator of
impending failure or performance deterioration or when rapid pressure or vacuum leak localization is
necessary to lessen machine performance degradation.

Examples of such applications are:

electrical transformers;
enclosed electrical systems;
gearboxes;

motors;

© ISO 2016 - All rights reserved
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pumps;
conveyor bearings;

lubrication failure;

€SSors;

e engines;

condensers;

(changers;

pssed gas systems.

ly, airborne and structure-borne ultrasonic inspection is used in a eondition-monito
e to detect characteristics of failure modes that have been previousty, identified by anof
. There are instances where airborne or structure-borne ultrasound-is the first indicatd
ode, such as in the detection of faulty slow-speed bearings and/or insufficient lubrica
tlement bearings. Airborne or structure-borne ultrasound,can’ also be used to identi
hfety hazard to an inspector using an alternate technology,fer example in the inspectio
ectrical systems. Airborne and structure-borne ultrasounhd are used to determine if an
d is present before opening the cabinet for an infrared:thermographic inspection.

yment choice

trasound is propagated through an‘atmosphere (air or gas) and detected with an ultras
while structure-borne ultrasoundis generated within and propagated through a struct

11d be chosen can be found inSO 29821-1:2011, Table 1.

orne sensor choice

hic instrument with-fixed sensors might have limitations with respect to field of recep
hot be suitableferall applications. For ultrasonic instruments with interchangeable seng
Fmally a choice-6f two kinds of sensors: wide-angle and parabolic.

e condition monitoring, wide-angle airborne sensors are particularly useful for gainin
ssment of the machine condition utilizing the maximum machine area for compariso

ing
her
r of
fion
Ty a

In of

arc

hnic
ure

1lly detected with a contact module, although other sensors may be used. A guide for which

Fion
ors,

b an
h of
[his

signatures. This allows the comparison of multiple components in a single machine.

Parabolic sensors are useful for remote component locations such as elevated conveyors, equipment,
vessels and outdoor substations, where access is limited and the machine, system, or component of
either, is a great distance away. The narrow field of reception is helpful especially for pinpointing leaks
in piping or in determining which phase in a high voltage tower has an electrical discharge

5.3 Structure-borne sensor choice

Structure-borne sensors are used to non-invasively detect internal abnormal performance or machine

anomalies.

There is normally a choice of contact and magnetically coupled sensors.

The contact sensor (stethoscope) is most commonly used when a machine, system or component needs
to be quickly scanned to determine where an anomaly or fault condition is located. It is also effectively

© ISO 2016 - All rights reserved
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used to get into tight spaces to gain access to a good monitoring point. For measurement points that are
just out of reach, extension contact rods can be used. For measurement points that are in difficult to
reach or in unsafe areas, permanent remote contact sensors can be used.

Magnetically-coupled contact sensors remove the measurement variation associated with hand-held
contact sensors. They are therefore ideal in circumstances where a long sampling time is required or
where there are multiple inspectors taking readings on the same sampling point. An example would
be when monitoring an electrical transformer, as a slight movement of a contact sensor can sound
very similar to a partial discharge inside the transformer, which would cause a false indication of an
anomaly.

5.4 Instrument characteristics

5.4/1 General

When selecting an ultrasonic instrument, the sensitivity, frequency response-and ability to|record the
het¢rodyned (demodulated) ultrasonic signal output should be carefully ¢onsidered with|respect to
the|intended applications. Some applications require monitoring at different frequencies fpr the best
resyilts. Other applications require a recording of the heterodyned (demoedulated) sound signature for
further analysis and for reporting.

5.4/2 Frequency response

If ysing an airborne or structure-borne ultrasonic instrument with heterodyned (demodulated)
frequency tuning capability, the ultrasound inspector shewld be aware that there are certain nonitoring
frequencies that enhance the data that is acquiréd for specific applications. These monitoring
frequencies are primarily due to the propagation of the ultrasonic wave through specific meglia, but can
alsq be influenced by the resonance of the ultrasegnic sensor. Examples of typical monitoring firequencies
are|shown in Table 1.

Table 1 —Typical monitoring frequencies

Acquisition Application Frequency
method (kHz)
Airborne Leaks, electrical 40
Strueture-borne Bearings, mechanical 30
Valves, steam traps 25
Electrical - sealed leaks- 20
underground

6 [Data-collection guidelines

6.1| “General

Several techniques are recognized and in use throughout industry to collect data. As indicated in
[SO 29821-1:2011, Table 2, depending upon the fault type, the ultrasound inspector may record the test
data as a decibel value, record sound samples, and analyse the data and/or the recorded sound samples
using time and frequency domain techniques. This provides the capability to identify changes in the
condition of monitored equipment and to determine if any further action needs to be taken.

The procedures are slightly different when using the airborne or structure borne techniques as shown
in Figures 1 and 2.

© IS0 2016 - All rights reserved 3
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Q

Figure 1 — Example of airborne ultrasolggmonitoring

QO

Figure 2 — Example of structure-borne ultrasound monitoring

Photographs should be taken that indicate the location, orientation, and subject content of the
acquisition point with indication of what sensor was used. These will aid with the interpretation of the
data and also help in identifying the acquisition point for subsequent readings.

4 © IS0 2016 - All rights reserved
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6.2 Error sources, accuracy, and repeatability

Ultrasonic readings or recorded heterodyned (demodulated) sound files, or both, should be acquired
from locations selected to minimize the errors caused by sounds from other sources such as reflections
from these other sources. Care should also be taken to avoid taking readings during times when the
operation of machines produces competing ultrasound. Subsequent readings for trending should be
taken in accordance with [SO 29821-1.

Where decibel alarm or sound interpretation criteria are used, all instrument settings such as frequency
should be correctly determined in accordance with 5.4.2 and ISO 29821-1. The machine under test
should be operating under steady state conditions representative of normal operating conditions.

In s
ulty
be ¢
and

ome instances, environmental conditions, such as temperature or humidity, canninfluence the
asonic readings or severity determination, especially in electrical emissions. Datayaequisition shall
arried out in accordance with ISO 29821-1 as well as established industry standards and practices
manufacturers’ guidelines.

As
sen
an ¢

required by ISO 29821-1:2011, Clause 9, an ultrasonic instrument shall-be in calibrdtion and a
Sitivity validation procedure should be performed prior to an ultrasonie’inspection. Anpex A gives
xample of a sensitivity validation procedure.

7

Wh
diffi
ultry
acti
det
as a

Assessment criteria

bn the ultrasonic instrument detects deviations from the'baseline, previous reading, or comparative
erences, these deviations should be noted. The decibel value data or the heterodyned (denodulated)
asound anomalies, or both, should be recorded and.analysed for severity and subsequenf corrective
on. The use of time and frequency domain analysis is very helpful, not only to provide a way to
ermine the severity of the anomaly, but also toprovide a way to report the condition of the machine
sound image.

Wh
maq
Mes:
ass
and

bn applying airborne and structure-borne ultrasound to the condition monitoring and dig
hines and their related components;itis strongly suggested that assessment criteria be ¢
surements shall be carried out in‘accordance with ISO 29821-1. Examples of typical faul
bssment criteria are shown in ISO°29821-1:2011, Table 2, as well as established industry
practices and manufacturersiguidelines.

gnostics of
stablished.
f types and
standards

Interpretation guidelines

a given machinéyinterpretation of ultrasonic readings and sound images is a process of
be data against those that are representative of the ideal design, manufacture, i
ration, andyhaintenance criteria. Once the comparison is complete and anomalies are

ysis normally takes the form of comparing readings and sound patterns with those cons

comparing
hstallation,
identified,
istent with

n faults and failure modes.

ronmental
ditions can
affect the severity assessment criteria. It is also essential to understand the design of a machine, such
as in component loading, for anomaly location.

A typical fault identification process that may be used is as follows:

a) determine the expected decibel readings and sound patterns of the machine system when the
system is operating in as-designed conditions for each typical operating state;

b) develop severity assessment criteria associated with the as-designed operating condition for each
typical operating state;

c) determine if any anomalies exist and their severity;

© ISO 2016 - All rights reserved
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h)
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9 Diagy

9.1 Principles of diagnostics using ultrasound

Diagnosing
requires a
ultrasound

These are §

Source

SourcHq

— Principles of sound generation that affect the sound propagation to and from a machine system)

Diagnosis
source of a

9.2 Gen

9.2.1 Su

Ultrasound

motion whiilst in contact. Surface friction is influenced by relative velocity, surface roughness, rel

surface ha

9.2.2 FIyid flow

Ultrasound
disturbandg
thermal pr

9.2.3

Ionization

-2:2016(E)

determine the rate of change or trend for each anomaly;

p fault diagnosis and prognosis, if required;

apply confirmatory analysis using an alternative technology, if required;
determine corrective actions;

issue a report.

for each anomaly, determine whether it is caused by the operating condition or the fault condition;

josing ultrasonic problems

machine systems using ultrasound is not generally rule based. Diagnostics, theref
principle based approach where analysts use thorough understanding of the principle
generation to diagnose machine systems faults.

reneral principles that underpin such analysis:
s of ultrasound within a machine system;

s of energy loss from a machine system;

bf machine systems usually requires the application of all these principles to identify
lnomalies and to diagnose causes.

eration of ultrasound

Irface friction

may be generated by frietion, which is the interaction of two surfaces moving in rel

rdness, lubricant condition, materials, and load.

e can bednfluenced by fluid velocity, flow characteristic (laminar or turbulent), fluid den
ppertiés,; surface roughness, and pressure.

ore,
s of

the

ive
ive

may be generated by the disturbance of a fluid flow over a surface. Such fluid flow

Bity,

Ultrasound may be generated by ionization, which occurs when an electric charge builds up on, or in, a
component resulting in a discharge between or on components. This discharge creates ionization.

10 Repo

rting

The ultrasound data can be reported in the form of a graph, chart, or sound image of the heterodyned
(demodulated) ultrasonic sound sample displayed in a time or frequency domain (or both) sample of
the anomaly. Only trained personnel should write reports.

Several report examples are shown in ISO 29821-1:2011, Annex B.
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