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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.
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Introduction

This document provides specific guidance on the interpretation of ultrasonic readings and wave

files or frequency and time domain printouts (sometimes called “sound characteristics”)

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,
friction, which are caused, in turn, by incorrect machinery operation, leaks, improper lubri
components, and/or electrical discharges.
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nspector therefore requires an understanding of ultrasound and how it propagates
sphere and through structures as a prerequisite to the creation of an airborne and structure-borne

rated by either turbulent flow, friction, impacts or by the ionization create

sound programme. Ultrasonic energy is present with the operation of all machines. It
of friction, turbulent flow, impacts and/or ionization as a property of(thie process,
onitoring the performance of machines, the condition of machines, and for diagnos

ickly and non-invasively determine the location of an anomaly with little setup and in
d of time.

alies. Ultrasound is an ideal technology to do this monitoring begcause it provides an ¢
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Condition monitoring and diagnostics of machines —
Ultrasound — General guidelines, procedures and
validation

1 Scope

This

— 4

— q

q

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

document

rives guidelines for establishing severity assessment criteria for anomalies identified
AB) and structure-borne (SB) ultrasound,

gpecifies methods and requirements for carrying out ultrasonic examination of machin
gafety recommendations and sources of error, and

2 Normative references

The
cons
undg

ISO 1

ISO
techi|

ISO
guidd

ISO 1

following documents are referred to in the text in such a way that some or all of t
Fitutes requirements of this document. For dated_ references, only the edition cited
ted references, the latest edition of the referenced\document (including any amendme

3372, Condition monitoring and diagnostics of machines — Vocabulary

13379-1, Condition monitoring and diagnestics of machines — Data interpretation ang
iques — Part 1: General guidelines

13381-1, Condition monitoring(and diagnostics of machines — Prognostics — Par
lines

7359, Condition monitoring and diagnostics of machines — General guidelines

Terms and definitions

he purposes of'this document, the terms and definitions given in ISO 13372 and the foll
nd IEC maintain terminological databases for use in standardization at the following ¢

EC Electropedia: available at http://www.electropedia.org/

3.1

by airborne

es, including

heir content
applies. For
hts) applies.

diagnostics

t 1: General

bwing apply.

ddresses:

Aiso.org/obp

airborne and structure-borne ultrasound

AB&

SB ultrasound

non-destructive test method used to inspect for airborne and structure-borne ultrasound above 20 kHz
created from or through a medium

3.2

background noise
unwanted noise present in a signal which cannot be attributed to a specific cause

Note 1 to entry: This ultrasonic noise can emanate from the area surrounding the inspection, which can cause
false indications.

© ISO

2018 - All rights reserved


http://www.electropedia.org/
https://www.iso.org/obp
https://standardsiso.com/api/?name=1f38945795641677a75bf666652c248b

ISO 29821

3.3
scanning

:2018(E)

moving a receiving transducer or an array of transducers around a suspected source of ultrasound to

verify the lo
3.4

cation

sonic reflection

airborne ult

3.5

contact module

waveguide i
making phy

4 Princi
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rasound reflected off a solid surface possibly indicating a false reading

, for

h the subject and test equipment

Gical contact wit structure-borne ultrasounds
ple of the airborne and structure-borne method

ral

1gls by

Airborne amd structure-borne ultrasound is a physical wave that occursswithin the test subject

(material or
at a distancq
Most ultras
above the rg
frequency s
Low-frequel
sounds. Hig
the point of
and density

Airborne ul{
microphone]

machinery component) or in the atmosphere and is detected externally either close

e from the test subject. This technology is based on the detection of high-frequency sof
nic instruments employed to monitor equipment detect fiequencies above 20 kHz, wh
nge of human hearing (20 Hz to 20 kHz). The differences in the way low-frequency and
bunds travel help to explain why this technology can-be effective for condition monitd
1cy sounds maintain a high intensity of sound volume and travel further than high-freqy
h-frequency sounds are more directional. As high-frequency sound waves propagate
veneration, their intensity level decreases rapidly with distance depending on the elas
of the medium traversed, which helps to ideiitify the origin of a sound source.

rasound is propagated through an atmiosphere (air or gas) and detected with an ultra
while structure-borne ultrasound;"is generated within and propagated through

structure a

d is usually detected with a cofitact module, although other sensors may be used. T

contact modules do not require any coupling agent, as the detection frequencies are low enough
unlike traditional pulse-echo ultrasound;'small air gaps between the contact probe and the stru

under test

not significantly attenuate the received signal. If permanently mounted sensors are

careful mounting techniques should-be utilized to avoid signal attenuation or resonances, or both

structure c4g

4.2 Appli
monitorin

Ultrasound
programme
impending f

n be a machine or any-component of a machine or a system.

cation of airborne and structure-borne ultrasound within condition
D progranynes

is not mormally used as a primary monitoring technique in typical condition monit
5. Thel exceptions to this are when ultrasound is preferred as a non-invasive indicaf]
Qilure or performance deterioration or when rapid pressure or vacuum leak localizat

to or
inds.
chis
high-
ring.
ency
from
Ficity

sonic

the
hese
that,
rture
ised,
. The

hring
or of
on is

necessary to lessen machine performance degradation. Table 1 shows typical examples of ultrasound
applications to machine condition monitoring.

4.3 Correlation with other technologies

Traditionally, airborne and structure-borne ultrasonic inspection is used in a condition-monitoring
programme to detect characteristics of failure modes that have been previously identified by another
technology. There are instances where airborne or structure-borne ultrasound is the first indicator of
a failure mode, such as in the detection of faulty slow-speed bearings and/or insufficient lubrication
in rolling element bearings. Airborne or structure-borne ultrasound can also be used to identify a
potential safety hazard to an inspector using an alternate technology, for example, in the inspection of
enclosed electrical systems. Airborne and structure-borne ultrasound are used to determine if an arc
flash hazard is present before opening the cabinet for an infrared thermographic inspection.
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Acoustic emission is the phenomenon of radiation of acoustic (elastic) waves in solids that occurs when
a material undergoes irreversible changes in its internal structure. Acoustic emission is traditionally
utilized to monitor items that are under stress for the formation and location of cracks. These include
pressure vessels, pipelines. Many of the acoustic emission applications are similar to the structure-
borne ones described in this document. Further information on acoustic emission can be located in
ISO 22096.

Table 1 — Ultrasonic application examples

Machine description Pressur;lee(t):c\;?(()::;lm leak Mechanicala Electricala
Heatlexchangers AB — =
Boilgrs AB — —
Condensers AB — —
Contjrol air systems AB — —
Valves SB — —
Steam traps SB — —
Motqrs — SB SH
Pumps AB SB SH
Gearjs/gear boxes — SB —
Fang — SB —
Compressors AB SB SH
Conyeyors — SB and AB SH
Switrhgear — AB and SB AB and SB
Tranjsformers — SB AB/PB
Insulators — — A¥
Junction boxes — — SH
Circyit breaker = — SH
Turbiines AB SB —
Gengrators (utility) AB SB AB/PB
Lubrfication — SB —
High-speed bearings — SB and AB —
Lowispeed bearings — SB and AB —

a  AB:airborne; SBsstructure-borne.
5 VUltrasound equipment
5.1 LGeneral

AB&SB ultrasonic instruments are typically hand-held, portable and battery operated for ease of
use in the field. Online, non-portable systems are also utilized mainly for condition monitoring
where an anomaly can occur and shall be addressed at the inception rather than when a route-
based inspection is scheduled. Most online applications target a narrow range of applications where
amplitude is the primary parameter that is monitored and false indications are less likely to occur. It is
recommended that the system consist of an instrument, ultrasonic transducers and headphones. It is
highly recommended that the demodulated signal output be appraised through headphones to enable
discrimination between competing sources. This allows the practitioner to recognize and prevent the
acquisition of poor quality data. The system shall provide for the detection of acoustic energy that
is either airborne or structure-borne in the range above 20 kHz and shall translate (demodulate or
heterodyne) this energy into an audible signal that can be seen on a signal strength indicator and heard
through the headphones. The signal strength is usually displayed in decibels and commonly referred

© ISO 2018 - All rights reserved 3
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to as “decibel value”. The demodulated or heterodyned signal is representative of the amplitude and
frequency characteristics of the original ultrasonic signal. The ultrasonic physical pressure wave
or pressure variation which is received and measured by the ultrasonic instrument is demodulated
and converted to a corresponding level having the unit decibel (not standard definition); a sound
pressure level, Ly, is referenced to the threshold level of the AB&SB ultrasonic instrument, where the
mathematical expression is Ly dB = 20 log1ora, where ry is the amplitude ratio.

Currently, instrument sensitivity can vary between different manufacturers. Each manufacturer
establishes its own threshold level (0 dB) as there are no standards to uniformly define this threshold
level. There can even be different levels of sensitivity for different instruments produced by a single
manufacturer. If a condition monitoring application requires a comparison or trending of signal
strength re§dings over time, care should be taken to Use INStruments € Sale Sensity
that comparable data can be obtained. When making comparisons between instrument readimngs
dB readings|shall be of the same type.

The main husing contains ultrasonic transducers that receive the ultrasound signal and convertf it to
an amplified electrical signal. Next, this signal is fed into the main instrument where it is amplified
again, then demodulated or heterodyned. The demodulation or heterodyne principlé-is used to convert
the non-audjible ultrasonic frequencies down to the audible level suitable for humans to hear and for
interfacing with recording and analysing devices. The same principle is usedin-AM radio broadcagting
and receptign. In the demodulation or heterodyne process, the audio signalis-a direct translation o¢f the
original signal and this demodulated signal is used for further analysis (see Figure 1).

The demodulated or heterodyned signal allows the inspector to identify a relevant sound sourc¢ and
to determine the event or condition producing the ultrasound, (e,g. air leaks in the same area as an
electrical discharge can cause confusion to an unskilled inspector). The demodulated signal can algo be
used to detgrmine the location of the irrelevant ultrasound that could lead to a false reading.

Therefore, the headphone output signal is not a “divided?’signal where the audio frequency is multiplied
by a number and ends up with the ultrasonic frequency.'In the demodulation (heterodyne) process, the
incoming ultrasonic signal is mixed with an internal oscillator signal and the difference is amplified
and then sent to the headphone output and theimeter circuit. A good analogy would be a pian¢ key
being struck once a second (1 Hz); the resultant sound would contain the resonant frequency df the
string that the piano key is linked to, modulated by the 1 Hz of the key being struck. If the piano string
signal (carr]er frequency) were removed;what would be left is the 1 Hz signal (modulation frequé¢ncy)
of the key b¢ing depressed.

The ultrasonic detection modulés) only detect high-frequency noise caused by friction or turbplent
flow and dq not respond to low*frequency acceleration, displacement or audible sounds. In the|case
of bearings, ultrasound is, créated by the motion of the rotating elements. As a bearing deteriofates,
defects fornj on the rotating/surfaces and when a rotating element interacts with the defect, it prodquces
an acoustic|event or_fault indication. The actual fault frequencies of the affected bearing modpulate
the high-frequency-’components of the generated ultrasonic noise or signal. The signal after the
demodulatign orcheterodyning would only leave the original modulation. For example, in a begring,
if the fault frequency is 48 Hz, the instrument detects the ultrasonic component that is modulate¢d by

the 48 Hz fault frequency. When that signal is demodulated or heterodyned, the audio signal at the

headphones does not contain the ultrasonic signal, but contains the 48 Hz fault frequency signal.

In high-speed bearings, if one were to analyse the demodulated or heterodyned ultrasound signal with
a spectral (FFT) analyser, and compare it to the signal from an accelerometer, the signals would be
qualitatively similar. With low-speed bearings at speeds typically below 10 r/min, standard vibration
accelerometers would have low signal strength due to the lack of enough energy to stimulate the
piezoelectric sensing element with the calibration mass attached. For example, there are ultrasonic
sensors currently used in mining operations to provide a signature from a 16,8 m diameter bearing
operating at a speed less than 1 r/min for input from an ultrasonic detector into a portable FFT analyser
for analysis and archival.

In addition to mechanical condition analysis, signal analysis of the heterodyned signals received from
electrical discharges can help identify the severity of the condition and can also help distinguish the

4 © ISO 2018 - All rights reserved
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difference between “loose” or 50 Hz to 60 Hz vibrating components such as a transformer winding and
the actual electrical discharges.

5 >

I=—@®C0

e
= 1 | 2 5 | 6 # O]
k = 4 | 9
1 A0
11
O)
- 15 16 17
14
13
L
Key
1 ansducer pre-amp 10 RMS-to-DC converter
2 ariable gain amplifier 11 digitalI/0
3 emodulation circuit 12 sensitivity/frequency adjustment knob
4 ixer 13 store button
5 ¢scillator 14 CPU and digital controls
6  lpw-pass filter 15 gain control
7  qudio amplifier 16 frequency control
8 ;[hone output 17 converter input
9  ljne output 18 display
Figure 1 — Block diagram example of an ultrasonic detector

5.2 Kinds of sensors

Airborne ultrasound is propagated through an atmosphere (air or gas) and detected with an ultrasonic
microphone, while structure-borne ultrasound is generated within and propagated through a structure
and is usually detected with a contact module, although other sensors may be used. A guide for which
sensor should be chosen can be found in Table 1.

5.3 Airborne sensor choice
An ultrasonic instrument with fixed sensors might have limitations with respect to field of reception

and might not be suitable for all applications. For ultrasonic instruments with interchangeable sensors,
there is normally a choice of two kinds of sensors: wide-angle and parabolic.

© IS0 2018 - All rights reserved 5
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For machine condition monitoring, wide-angle airborne sensors are particularly useful for gaining an
overall assessment of the machine condition utilizing the maximum machine area for comparison of
ultrasonic signatures. This allows the comparison of multiple components in a single machine. This
module type is also useful in confined-space areas where the access area can be very small.

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 overhead piping or in determining which phase in a high-voltage electrical tower has an electrical

discharge.

5.4 Strud
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installed (th

The contact
to be quickl
used to get
just out of 11
reach or in y
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contact senf
where therg
be when m
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5.5 Instr

ture-borne sensor choice

brne sensors are used to non-invasively detect internal abnormal performance9r’ma
[here is normally a choice of hand-held contact, magnetically coupled or\perman
readed) sensors.

sensor (stethoscope) is most commonly used when a machine, system or'component 1
y scanned to determine where an anomaly or fault condition is located. It is also effect
nto tight spaces to gain access to a good monitoring point. For;, inspection points tha

Insafe areas, permanent remote contact sensors can be used:

7 coupled contact sensors remove the measurement yariation associated with hand
ors. They are therefore ideal in circumstances wheréya long sampling time is requir
are multiple inspectors taking readings on the same sampling point. An example W
bnitoring an electrical transformer, as a slight<movement of a contact sensor can s
to a partial discharge inside the transformer;which would cause a false indication

hment characteristics

5.5.1 Genleral

When selecf
heterodyne
the intende
different fre
(demodulatg

5.5.2 Fre(

If using an

ing an ultrasonic instrungent, the sensitivity, frequency response and ability to recor
1 (demodulated) ultrasonic signal output should be carefully considered with respg
[l applications. Some manufacturers recommend that applications require monitori

bd) sound signature for further analysis and for reporting.

Juency response

airborne or structure-borne ultrasonic instrument with heterodyned (demodul
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each, extension contact rods can be used. For measurement points that are in difficult to

theld
bd or
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pund
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quencies for the best results. Other applications require a recording of the heterodyned

hted)
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ninhg capability, the inspector should be aware that there are certain monitoring freque
that enhanhﬂﬁammmmmmmﬂwimdng_&m&ncies

are primarily due to the propagation of the ultrasonic wave through specific media, but can also be
influenced by the resonance of the ultrasonic sensor. Examples of typical monitoring frequencies are
shown in Table 2.

Table 2 — Typical monitoring frequencies

Acquisition Application Frequency
method kHz
Airborne Leaks, electrical 40
Bearings, mechanical 30
Structure-borne Valves, steam traps 25
Electrical - sealed leaks - underground 20
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6 Data collection guidelines

6.1 General

Several techniques are recognized and in use throughout the industry to collect data. With the most
recent advances, ultrasonic detectors have become much more sophisticated and have evolved from
subjective listening devices with hand-written data to systems that can store test data, record sound
samples, and analyse the data through data management software and the recorded sound samples
with signal analysis software. These new instruments provide the capability to identify changes in

cond

ition of monitored equipment and to determine any further action to be taken.

It is
proc
be u
carri

6.2
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confidence level of the information obtained is dependent on‘the detection method applied

used

Com
ofter
expr
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time

component or the baseline of the original component.

Manjy

In the case of compressed airleaks and electrical discharges, qualitative techniques are

prefe

Aty
oper
an u
evaly
than
type
of th
degr

fition. As indicated in Table 3, depending upon the fault type, the inspector may record

necessary that each of these ultrasound techniques be used as part of a condition
pss when such a process is implemented in accordance with ISO 17359. Ultrasoun|
bed as a primary or secondary technique for diagnosis and prognosis when these pi
ed out in accordance with ISO 13379-1 and ISO 13381-1, respectively.

Comparative ultrasound

h starting an inspection route for the first time, it is important te”be able to identify
Cially those that can be in a failure state. The most common te¢hnique is to use the
od. It is the best method to use when there are no established baselines set and a ser

and training and experience of the inspector.

barative ultrasound can be either quantitative orrqualitative. The quantitative method
used method for many ultrasound applications. This method uses the strength o
pssed in decibels (commonly called “decibebvalue”), to determine the severity of a

lecibel value, record sound samples, and-analyse the data and/or the recorded sound s4
and frequency domain techniques,~The resultant decibel value is compared to that

 applications do not require quantitative data to monitor the condition of components ¢

rred methods, as these(conditions do not produce ultrasound if they do not exist.

pical example of the-qualitative technique is where there are multiple electrical
hting at the saméwvoltage under the same load and where one component is dischargin
trasonic signal,) This is usually an indication of a deteriorating condition. In this
lation of the‘demodulated or heterodyned sound pattern would be a better indicato
change in'signal level (decibel value). The sound analysis provides information that i
and séverity of the condition. This is where qualitative measurements can help locat

-monitoring
d shall also
ocesses are

' anomalies,
romparative
ies of points

machine needs to be assessed with no previous assessment criteria. As with all techpologies, the

, equipment

is the most
[ the signal,
omponent's
the test data
mples using
of a similar

famachine.
usually the

components
b, producing
nstance, an
" of severity
lentifies the
e the source

e ultrasound emission by the increase in the signal level and the sound characteristic i

dicates the

b6-0f severity. The severity criteria can be learned in formal training as per [SO 1843618.

Each application requires an organization or a qualified practitioner to establish their own set of criteria
for degradation levels. As an example, a compressed air leak from a supply line that has an extremely
low decibel value might not require repair, while a larger leak with a high decibel value would require
repair. A detectable air leak at 1 x 10-2 cm3/s might not justify repair, while a leak at 100 cm3/s would.
In pneumatic control applications, no detectible leak is acceptable.

6.3 Baseline method — Quantitative ultrasound

The most common structure-borne ultrasound method in use for condition monitoring is the baseline
or quantitative method. This is important when critical plant components are monitored on a routine
basis for diagnostic reference. When subsequent inspections or surveys indicate an increase in the
decibel value or a change in sound characteristics, these baselines can be used for a comparison. This
is useful to identify deteriorating conditions before they require any major maintenance or become
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catastrophic. The baseline method can include decibel value and baseline sound samples. The advantage
of a baseline sound sample is the ability to review and analyse any changes in the subject equipment
based on spectral and or time series views that might not be apparent with just a decibel value. The
selection of a measurement as a baseline should only be conducted by a qualified person.

Several techniques are recognized and in use throughout the industry to collect data. As indicated in
Table 3, 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 analysing 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 procedyre
in Figures 2

Figure 2 —~ Example of airborne ultrasound monitoring

8 © ISO 2018 - All rights reserved
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Figure 3 — Example of structure-borne ultrasound monitoring

Training requirements

h performing ultrasound inspections under less-than-ideal conditions with ¢
bround noise, the confidence in the’ information obtained is dependent upon the f
rience of the practitioner and ‘the detection method applied. The skills and exp¢
itioner performing the measurements and analysing the data are critical to t

application of ultrasound.

NOTH

ISO 18436-8l1] specifies the requirements for qualification and assessment of personnel

machfinery condition monitering and diagnostics using ultrasound.

A sk
ultra
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poin{
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lled practitioier-shall utilize the proper shielding techniques for minimizing the
sound noise‘@nd incorporate methods and procedures that lead to reliable inspection

bgraphsshould be taken thatindicate the location, orientation and subject content of th
withsindication of what sensor was used. These will aid with the interpretation of t
help'in identifying the acquisition point for subsequent readings.

onsiderable
raining and
rtise of the
he effective

who perform

background
results.

P acquisition
he data and

8 Assessment criteria

8.1

General

The most common form of severity criterion is the use of a signal level differential (delta dB).

To apply ultrasound inspection to the condition monitoring of machines and their components, severity
criteria should be established by a competent practitioner, their company, client, or a third party. It is
common practice that these criteria are established through experience and the accumulation of data
on specific machines or components. Since there are many applications of ultrasound that differ in the
way data are evaluated, there are currently no universally accepted severity criteria in the industry.
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Therefore, each category of equipment and its application should have severity criteria established

based on its

design, operating conditions, baseline condition, maintenance and criticality.

These severity criteria are usually based on historical data showing an increase in decibel value
(quantitative baseline method) or another post-process parameter. This can help establish a rate of
deterioration and help establish when corrective action is taken to prolong component life. This can
apply to applications that would use an increase of the decibel value as a criterion, such as on bearing
lubrication levels where the corrective action would be to lubricate the bearing to reduce the ultrasonic
decibel value. Other examples of severity criteria are:

elevated ultrasonic signals along with information from signal analysis of electrical components,

which c

decibel
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As multiple
conditions, {
failure of th

An example
baseline for
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need to

Failure s
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value increases in compressed air system leaks, which could cause machine performni
tion or high energy costs.

measurements are taken over time on the same piece of equipment under the-sdme oper
he recorded data can be used to set parameters for trending and aid in the)prediction ¢
s component.

of severity criteria based on increased decibel value above an“established referen
high speed bearings of rotating equipment is as follows.

cracks or microscopic spots that are not visible to thethuman eye. This might also sig
lubricate the bearing.

his stage that the bearings should be replaced+or more frequent monitoring should occ

Catastrgphic stage — catastrophic failure — 35 dB to 50 dB: Here, rapid failure is imminent

sound level is so intense as to be audible and the temperature of the bearings migh
to be measurable. This is a highly dangerous stage since changes in the bearing clear
rances can cause additional friction and rubbing within the machine, potentially dam
mponents.

When the ultrasonic instrument detectsdeviations from the baseline, previous reading, or compar

differences,
ultrasound

action. The
determine t
as a sound i

When apply|
machines ar
Examples o

these deviations should.be noted. The decibel value data or the heterodyned (demodul
inomalies, or both, should be recorded and analysed for severity and subsequent corre]
use of time and frequency domain analysis is very helpful, not only to provide a w
he severity of theZanomaly, but also to provide a way to report the condition of the ma
nage.

ng airborne and structure-borne ultrasound to the condition monitoring and diagnost
d theirtelated components, it is strongly suggested that assessment criteria be establi
F typical fault types and assessment criteria are shown in Table 3, as well as establ

industry stg
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re stage — 8 dB: This is the earliest stage of failure. The\bearings might have developed
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tage — 16 dB: At this stage, visible flaws develop.dlong with a marked rise in acoustic energy.
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shed.
shed

ndards and practices and manufacturers’ guidelines.

Table 3 — Typical fault types and assessment criteria

Assessment criteria
Machine description Fault type Change in signal . .
strength Signal analysis
(decibel value)
Heat exchangers Leak Yes No
Boilers Leak Yes No
Condensers Leak Yes No
Control air systems Leak Yes No
Pressurized gas systems Leak Yes No

10
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Assessment criteria
Machine description Fault type Change in signal ) ]
strength Signal analysis
(decibel value)
Valves Leak, blockedf cavitation, Yes Yes
flashing
Steam traps Leak, blocked: cavitation, Yes Yes
flashing
Mot Mechanical or electrical fail- v
otars ure, or both €s S
Mechanical failure leaks,
Pumps o Yes Yes
cavitation

Gearjs/gear boxes Mechanical failure Yes Yes

Fang Mechanical failure Yes Yes
Compressors Mechanical failure Yes Yes

Conyeyors Mechanical failure Yes Yes
Switfhgear Electrlca_l dlscharge, Yes Yes

mechanical failure
Tranjsformers Electr_lcal dl_scharge, Yes Yes
mechanical failure, leaks

Insulators Electrical discharge Yes Yes

Junction boxes Electrical discharge Yes Yes

Circyit breaker Electrical discharge, leaks Yes Yes

Turbiines Mechanical failure, leaks No Yes

. Mechanical failure,

Gengrators (utility) electrical discharge, leaks Yes Yes
Lubrijication Mechanieal failure Yes Yes
Hight-speed bearings Mechanical failure Yes Yes
Lowispeed bearings Mechanical failure Yes Yes

8.2 | Error sources, accuracy and repeatability

Ultrgsonic readings-of)recorded heterodyned (demodulated) sound files, or both, should |be acquired
from| locations selected to minimize the errors caused by ultrasound from other sources sjuch as sonic
reflections fromsthese 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.
WhereZdecibel alarm or sound interpretation criteria are used, all instrument settings should be

correctly determined in accordance with 5.5.2 if that type of instrument is used. The machine under
test should be operating under steady-state conditions representative of normal operating conditions.

In some instances, environmental conditions, such as temperature or humidity, can influence the
ultrasonic readings or severity determination, especially in electrical emissions. Data acquisition
shall be carried out in accordance with this document as well as established industry standards and
practices and manufacturers’ guidelines.

As required, an ultrasonic instrument shall be in calibration and a sensitivity validation procedure
should be performed prior to an ultrasonic inspection. Annex A gives an example of a sensitivity
validation procedure.
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9 Interpretation guidelines

For a given machine, interpretation of ultrasonic readings and sound characteristics is a process
of comparing these data against those that are representative of the ideal design and manufacture,
installation, operation and maintenance criteria if available. Once the comparison is complete and
anomalies are identified, analysis normally takes the form of comparing readings and sound patterns
with those consistent with known faults and failure modes.

When using ultrasound for machinery condition monitoring purposes, the operating and environmental
conditions of the machine at the time of each inspection shall be recorded in detail as these conditions
can affect the severity assessment criteria. It is also essential to understand the design of a machine,
such as in cgmponent foading, for anomaty focation.

A typical faylt identification process that can be used is as follows:

a) determine the expected decibel readings and sound patterns of the machine system when the
system |s 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 pperating state;

c) determine if any anomalies exist and their severity;
d) for eacl anomaly, determine whether it is caused by the operating'condition or the fault condifion;
e) determine the rate of change or trend for each anomaly;

f) develop|fault diagnosis and prognosis, if required;

g) apply canfirmatory analysis using an alternative technology, if required;
h) determine corrective actions;

i) issueareport.

10 Diagnosing ultrasonic problems

10.1 Prindiples of diagnostics.using ultrasound

Diagnosing [machine systems using ultrasound is not generally rule-based. Diagnostics, thergfore,
require a piinciple-based@pproach where analysts use a thorough understanding of the principles of
ultrasound generation todiagnose machine systems faults.

These are ge¢neral principles that underpin such analysis:

— sources|ofultrasound within a machine system;

— sources of energy loss from a machine system;
— principles of sound generation that affect the sound propagation to and from a machine system.

Diagnosis of machine systems usually requires the application of all these principles to identify the
source of anomalies and to diagnose causes.
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Generation of ultrasound

1 Surface friction

Ultrasound can be generated by friction, which is the interaction of two surfaces moving in relative
motion while in contact. Surface friction is influenced by relative velocity, surface roughness, relative
surface hardness, lubricant condition, materials and load.

10.2.

Ultra

2 Fluid flow

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

disty

therinal properties, surface roughness and pressure.

10.2
Ultrd

component resulting in a discharge between or on components. This discharge creates ioni

surr
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rbance can be influenced by fluid velocity, flow characteristic (laminar or turbulent)}-f

3 Ionization

sound can be generated by ionization, which occurs when an electric €harge builds u

unding gas generating ultrasound.

4 Impacting
ing object comes in contact with a fault or void in a surface.

bensitivity validation guidelines

sound inspectors shall verify the sensitivity of their instruments on a regular basis an
calibrated to the manufacturer's spegifications. One common sensitivity validatio
ibed in ASTM E1002[3] where a caljbrated reference ultrasonic source is used. It is re
a sensitivity validation procedure-be performed prior to each inspection or sury
tivity check can be made by using the detection of a human eye blink as a low lev|
rne sensors and the detection of the signal from a quartz watch crystal in a wr
ture-borne sensors. An example of another sensitivity validation is presented in Anne

toring intervals)can be established based on severity criteria, such as the expected ri
 over timeth@at is representative of a fault condition or an ultrasonic pattern anomaly.
toring interval schedules are as follows.

Vonthly— if the loss of a component or system would shut down an operation.

luid density,

b on, or in, a
vation in the

sound can be generated when, for example, two objects come in contact with each other or a

d shall have
h method is
commended
rey. A quick
el signal for
stwatch for
x C.

ke in decibel
Examples of

1\701"}7 othermonth — ifthereisa har‘lz-np anpnnnnf or cycfnm incaseone r‘nmpnnnnf or

ystem fails.

to fail.

13 Data interpretations

Quarterly — if the operation could continue to operate without the component or system if it were

When the ultrasonic instrument detects deviations from baseline or previous readings, these variations
shall be noted; the decibel value data and demodulated or heterodyned ultrasound anomalies should
be recorded and analysed for severity and subsequent corrective actions. The use of spectrum and
time characteristics analysis is very helpful not only to determine the severity of the anomaly, but also
to provide a way of reporting the condition of the item under evaluation as a “sound characteristic”.
Examples of typical fault types and assessment criteria are shown in Table 3.
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If the initial evaluation of the anomaly is not conclusive, further action is required, such as the evaluation
of the anomaly with alternate methods suitable for the diagnosis and subsequent corrective action.
These technologies could be acoustic emission, infrared imaging, vibration analysis, motor current
analysis and oil analysis.

14 Reporting

Reporting of the ultrasound data can be in the form of either a graph or chart to show the trend of
the decibel value increase over time for those applications where trending is appropriate. Those
applications that are qualitative, and where a change in decibel value is not indicative of a failure, can
be reportedras—amrinmmageof-the-spectrunrortinmre-waveforms,or botiof aTecorded—audiofiteqf the
anomaly. Only trained personnel should write reports. Typical examples of ultrasonic test repotts are
shown in Anjnex B.
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Annex A
(informative)

Example of a compressed air leak survey

A.1 Compressed air procedure

In order to create a successful compressed air leak survey, there should be a planned, organized
apprpach. The first thing to consider is what is to be accomplished with the survey;ls it doing to be a
one-fime investment or a part of an on-going programme? Is the goal of the survey'to refluce energy

costg or improve production or both?

If the goal is to introduce an on-going programme, it is necessary to set, up a workable schedule.
This|can vary from once a month to once a year. Often, an audit or compressed air revie is used to
determine whether there is a need for additional compressed air gquipment. The audit|can help to
determine whether the use of compressed air has increased due to expanded production of equipment

requjrements, or if it has increased because of air loss.

Othelr considerations are: what alternative utilities are available to perform the task (e.g. when electric
contfollers can be used in place of compressed air), what types of compressors are being fised, and do
the gompressors have variable speed drives? Also, are thére alternative compressor typed that can be

moreg economical?

Of cdnsiderable importance is to consider what is;to be done to educate employees about the effective
use df compressed air. They need to know thatwasted air is not free; it affects everybody. When waste

hits the bottom line, it has an impact on theprofitability of a company.

Beforle beginning the survey, create aplan. Here are some suggestions.

a)

b)

f)

Limit the leak test area to a manageable size. Do not be overly ambitious. Walk the glant section
by section to determine the Strategy to consider where the survey starts and plan the route. It is
fecommended the survey be started at the compressor area and move out from there.

Walk through the plant'section by section.
1) Pay attention-to and note air-waste practices.
2) Note therlocation of obvious leaks.

3) Nate potential safety hazards.

4)~Determine what equipment is needed such as flashlights, ladders, etc.

Select the inspection equipment. Are specialized modules needed, e.g. a parabolic microphone for
high or hard-to-reach areas, or is the standard scanner sufficient?

Set up a leak identification or tag system. Use tags and hangers that can be placed on leaks. The
tags should have numbers or codes that are used in the record keeping.

Consider how to report the results. Take a digital photograph of the leaks with the tags attached. If
it is required to report cost savings, perform a cost analysis using software that produces the cost
justification for repairs.

Be sure to install a system of leak reporting and follow-up to be sure the leaks are repaired. When
the survey is completed and the repairs are finished, retest to be sure the leaks have been repaired
properly and that no new leaks were created during the repair.
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g) Ifleaks have been present for a long time before the survey, it is likely that the pressure in various
parts of the plant has been increased over time. Recheck those areas and bring the pressure down
to the appropriate level.

A.2 Instrument set-up
a) Analogue:

1) plugin headphone;

2) check batteries and replace, if necessary;

3) perform sensitivity validation;

4) set|nstrument to peak frequency response if that type of ultrasonic instrument is‘used.
b) Digital:

1) be qure the memory is cleared and is sufficient for the survey;

2) perform sensitivity validation;

3) setfrequency to the peak response if that type of ultrasonic instrument is used;

4) chefk battery level.

A.3 Test pquipment
a) Suggestied equipment to bring:
1) writing pad and pen/clipboard;
2) flashlight;
3) wipe rag;
4) tags and hangers;
5) marker pen;
6) digital camera.
b) Suggestled accessories:
1) parpbolic microphone;

2) rubper focusing probe.

A.4 Inspection
a) Safety:

1) beaware of and observe all safety procedures;

2) wear appropriate clothing and other protective gear, as required;

3) follow all confined space procedures when entering such conditions.
b) Pre-inspection:

1) walk the test area, use piping diagram or take digital photos of piping and components — if
using a digital camera, take long-range and close-up photos;
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2) during walk-through:
i) plan the scan strategies;
ii) note air wasting activities such as abuse, open valves, etc.;
iii) note and tag obvious leaks;

iv) take a note of any additional items that might be needed for an efficient test such as a hi-low
or ladder, keys to open locked cabinets (observe lockout-tag out procedures, if called for).

c) Testprocedure:

1) testoneareaata time in the planned route;

2) use shielding methods when confronted with competing ultrasound;
3) confirm the leak location by:

i) scanning around the suspectleak area in all directions (360%);
ii) sealing the rubber focusing probe against the leak area.

d) Tagthe leak.

e) Take digital photos of the leak with a tag.

f) Perform compressed air loss analysis.

g) [Inter data into an electronic report.

h) (reate work order and attach photo (close-uip-of leak site) to work order.

A.5 | Post-inspection

a) Verify that the repairs have been‘completed.
b) Retestrepaired leaks.

c) Update report with repaired leaks entered.
d) Issue report showing

1) number ¢fleaks found, and

2) number of leaks repaired.

e) AMsséss compressed air lost or compressed air saved.

f) [SSUESUTVEy 0 aSSESS tHE eCONOMIC Savings potentiat — if a Defore and atter tog of COMmpressor run
time is taken, a good assessment of economic gains can be obtained from the survey.

g) Provide recommendations.

h) Schedule future surveys.

© ISO 2018 - All rights reserved 17


https://standardsiso.com/api/?name=1f38945795641677a75bf666652c248b

ISO 29821:2018(E)
Annex B
(informative)

Typical examples of ultrasound test reports

An example of an analogue instrument report is given in Figure B.1.
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TestRoom Report
- 4
Fault Report — Description and Photo

Report No: 1 I Photo Mo: 1dB: 40 | Freq:40 |LI:2
Function Location: 785-FCV-1026

Plant Location: Ground floor adj to d1 tower

Equipment: Air controlled Valve

Fault Description: Air leak at positioner
Comments: Another positioner lzaking a lot of air

Report No: 2 Photo Mo: 2 dBe:37 Freq:<0 Li:1

Function Location: 785-FCV-0032
Plant Location: Ground floor adj to Motor 785-1095

Equipment: Air controlled valve d
| Fault Cescription: Air leak at pasitioner (<
omments: S\
O
N
Report No:3 Photo No: 65 | dB: 48 I Freq@ | LE:3
£
Function Location: 495-0C-2345 A\‘U
Plant Location: Office Complex Ground Floan O
~
Equipment: 13,6 Switchgear R
O

AN
Fault Description: Arcing Phasats @B

Comments: REPAIRED IMM TELY BY PLANT ELECTRICIAN
Y\

o
Report No: 4 A.@é No:37 | dE: NA I Freq: 20 | LI:
Function Locaioh; 785-1CV-2556
Plant Lo@v@iround Floor 2d) to 71 Autoclave
Eq }Rw Steam Trap
@ﬁacripﬁon: Blowing Live Steam
N\
& Comments: REPLACE

Ultrasonics - for Air, Gas Steam & Electrical Problems
Documenti

Figure B.1 — Analogue instrument report example

Reporting of the ultrasound data is typically in the form of a graph or chart to show the trend of the
signal level increase, in decibels, over time for those applications where trending is appropriate. Those
applications that are qualitative, and where signal level value change is not indicative of a failure, can be
reported as an image of the FFT spectrum or time series or both of a recorded audio file of the anomaly.

Figure B.1 shows what a typical analogue instrument report would look like when there is an anomaly
found and the only way to document the finding is an image with a description of the anomaly.
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