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reword

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 infrared thermograms as part of
a programme for condition monitoring and diagnostics of machines. Thermography can be used
to identify and document anomalies for the purposes of condition monitoring of machines. These
anomalies are usually caused by such mechanisms as operation, improper lubrication, misalignment,
worn components or mechanical loading anomalies.

Infrared thermography is based on measuring the distribution of radiant thermal energy (heat)
emitted from a target surface, and converting this to a map of radiation intensity differences (surface
temperatufe map) or thermogram. The thermographer therefore requires an understanding of\Heat,
temperatufe and the various types of heat transfer as essential prerequisites when undertaking an
IR prograrthme. Thermal energy is present with the operation of all machines. It can be in)the fprm
of friction jor energy losses, as a property of the process media, produced by the actual process ifself
or any combination thereof. As a result, temperature can be a key parameter for monitoring|the
performanice of machines, the condition of machines and the diagnostics of machine problems. Infrdred
thermography is an ideal technology to do this temperature monitoring becauseitprovides compllete
thermal injages of a machine, or a machine component, with no physical attachments (non-intrusjve),
requires liftle set-up and provides the results in a very short period of time.

Although pxtremely useful, IRT has a limitation in that radiometric) sensing is susceptiblg to
unacceptalle error when used on most low emissivity surfaces.
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5 document provides specific guidance on the interpretation of infrared thermograms 4
bramme for condition monitoring and diagnostics of machine systems.

5 document is intended to:
provide guidance on establishing severity assessment criteriafor anomalies identified b

outline methods and requirements for carrying out thesmography of machine systemj
safety recommendations;

provide information on image interpretation, assessment criteria and reporting require

Normative references

following documents are referred toxin the text in such a way that some or all of th
Ktitutes requirements of this document. For dated references, only the edition cited 3
ated references, the latest edition 0f'the referenced document (including any amendmen

13372, Condition monitoringwand diagnostics of machines — Vocabulary

13373-1, Condition monitering and diagnostics of machines — Vibration condition mo
t 1: General procedures

13379-1, Condition-monitoring and diagnostics of machines — Data interpretation and
niques — Part/1yGeneral guidelines

17359, Condition monitoring and diagnostics of machines — General guidelines

18434-1, Condition monitoring and diagnostics of machines — Thermography — Part|
redlires
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y IRT;
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1: General

3

Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 13372 and ISO 18434-1 apply.

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

©IS

[SO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at http://www.electropedia.org/
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4 Thermal condition monitoring

4.1 Application of thermal imaging within condition monitoring programmes

Within typical condition monitoring programmes, thermal imaging of mechanical components of a
machine system is not typically used as a primary monitoring technique. The exceptions to this are
when heat generation or transfer characteristics are a primary indicator of impending failure or
performance deterioration or where rapid scanning using thermal imaging is more economical and
efficient. Another exception is when applied heat is a primary cause of failure.

4.2 Cortelation with other technologies

Typically, [thermal imaging is used in a condition monitoring programme to detect thermal
characteristics of failure modes previously identified by another technology. In this scenario, thermal
imaging cqn be used both to confirm the presence of a failure mode and to validate its severity.
Exceptiong to this occur when the primary symptom of failure is heat generation orheat loss such as
bypassing [reciprocating compressor valves, leaking or blocked heat exchangeys;Cinsulation failjure,
refrigerant leaks or electrical faults.

4.3 Performance monitoring

Thermal ihaging is also applicable in the field of performance monitdring of a process and the macgrine
at the machine/product interface. Typically, such application also involves the use of thermal imagirlg in
a product quality assurance and/or control role whereby machinefailure is identified via deteriorafion
in productjquality.

f this are when the production process invelves exothermic reactions such as fpam
ing or high temperature applications such asplastic extrusion.

Examples
manufact

5 Equipment choice

5.1 Lens choice

Infrared (IR) cameras with fixed lenses'can have limitations with respect to resolution and field of view
and might pot be suitable for all applications. For IR cameras where different lenses can be used, there
is normally a choice of lenses including standard, wide angle, telephoto and macro.

For machipe condition monitoring, wide angle lenses are particularly useful for gaining images
containing|the maximunimachine surface area for comparison of apparent temperature. If wide-angle
lenses are hot available-then IR cameras with a larger field of view (FOV) are more suitable. This allpws
the comparison of multiple components in a single image. This lens type is also useful in confined space
areas whete the.standoff distance can be very small.

Telephoto lefises are useful for remote component locations such as elevated conveyors and equipmient,
vessels andoutdoor substations. They may also be used for small ltems.

IR camera FOV, instantaneous field of view (IFOV) and detector characteristics should be considered in
conjunction with lens characteristics to ensure thermal resolution is appropriate.

Macro lenses are not typically used for machine condition monitoring but can be used for product
quality monitoring. An example is monitoring the quality of glass fibre optics.

5.2 Infrared windows and sight glasses

Infrared windows or sight glasses can be used for internal inspection of electrical cabinets, some
mechanical equipment, high temperature applications such as boilers and furnaces, or where access
through doors and panels is required.

2 © IS0 2019 - All rights reserved
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5.3 IR camera characteristics

5.3.1 General

When selecting an IR camera, the condition monitoring application shall be considered to ensure
the suitability of the equipment. Smaller, less expensive IR cameras might not be suitable for many
applications due to their thermal, optical and image processing limitations.

Thermal sensitivity, spatial resolution, temperature range and time response should be carefully
considered with respect to the intended applications.

5.3/2 Image capture speed

For|applications that involve video capture, high surface speeds and/or rapid changes ih apparent
tenperature, the use of a high speed IR camera can be required.

5.3{3 Wavelength choice

For|most machine condition monitoring applications, both long-wave-(approximately 8 pm to 14 pm)
and mid-wave (approximately 3 um to 5 um) IR cameras are suitablg.

In gome specific applications, such as monitoring thin film plasticextrusion equipment, a fhort-wave
(approximately 0,8 um to 3 um) or a mid-wave IR camera with specific filters can be requirged. Such IR
canjeras are also useful for internal inspections of boilers and furnaces and gas leak detectfion. Short-
wave cameras are particularly necessary for material testing at very high temperatures ($1 000 °C).
For|gas leak detection, the wavelength required depends-on the gas.

5.3/4 Camera lens filters

For[some specific failure modes, lens filters can'be required. Examples include monitoring of thin plastic
filnys, boilers and furnaces, and gas leaks.

6 |[Data collection

6.1) Thermogram and phetograph content

For|condition monitoring“applications, it is typical that many component locations are refuired in a
single image in order-to facilitate rapid comparison of multiple component temperatures. This means
that it is advisable tp-acquire as much of the machines surface as possible in a single image.

Such image aequisition often requires

— |large-standoff distances,

— |image acquisition at angles to the machine normally at the corners,

— elevated viewing locations.

Examples of good images with sufficient machine surface coverage are given in Figure 1.

© IS0 2019 - All rights reserved 3
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determinelif any variation b en them can reveal the presence of a failure mode (Figure 2).
difference fxists, further 1 igation can be undertaken and additional comparison of the mach
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To aid with image i ication and interpretation, photographs should be acquired from exactly
same locatjon, ori ion and subject content as the thermal image.
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Figure 2 — Multiple machine&&p\limp sets) comparison thermogram
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6.2.1 IR

camera location

Images should be acquired from locations that minimize errors caused by other sources, such as
background reflections and solar reflections. For condition monitoring of machines, the image location
should include as much of the machine as possible to allow for comparison and pattern analysis in a
single image (Figure 1). Typically, such positions can include the acquisition of multiple machine faces in
a single thermogram from a 45° angle to the corner. Determination of reflected apparent temperatures
shall be in accordance with ISO 18434-1.
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6.2.2 Emissivity

Where temperature alarm criteria are used, all the emissivity of any anomalies shall be correctly
determined in order to ensure the accuracy of the temperatures displayed, the derived severities and
the subsequent recommendations. Determination of correct emissivity shall be in accordance with
ISO 18434-1.

6.2.3 Focus, range and distance

All images shall be in focus. Appropriate IR camera and image settings, i.e. range, level, span, contrast
an cpncifivify’ shall bhe selected for the :\pp]it‘nfinn These cpffingc may differ between tha necessary
for the determination of component load zone and thermal patterns as opposed to those fefessary for
accyurate temperature determination. The standoff distance shall be appropriately selected to ensure
adeguate thermal and spatial measurement resolution of the anomaly.

For|condition monitoring of machine systems, the most appropriate stand-off distance may bg extremely
large to include the entire machine train in a single image to allow for comparison and pattegn analysis.
Corfection for stand-off distance shall be in accordance with ISO 18434-1.

6.214 Machine operating conditions

When routine assessment is carried out, the machine should be gperating under steady state|conditions
repfesentative of normal operating conditions and after thermal equilibrium has been acllieved. The
confitions at the time of assessment shall be recorded.

6.2/5 Environmental conditions

In fnany instances, field measurements of refle¢ted apparent temperature and emissivity need to
be farried out in order to obtain correct temiperatures. These measurements shall be ¢arried out
in gccordance with ISO 18434-1 as well as established industry standards and practicgs, relevant
Intgrnational Standards and manufacturers”guidelines.

6.2/6 Calibration

IR dameras shall be in calibration*at the time of inspection and a calibration check shall be farried out
prigr to image acquisition. Such requirements are stated in ISO 18434-1.

7 |Machine bearing location identification convention

All machine bearing locations shall be identified in accordance with ISO 13373-1.

8 |Severity criteria

8.1 Baseline-measurements

Baseline temperatures and assessment criteria should be based on historical or statistically derived
temperatures established from the specific item, or machine groups, when in the “ideal” condition.
Establishment of severity criteria shall be in accordance with ISO 17359 and ISO 13379-1. Assessment
criteria should be based on temperatures specified by manufacturers of similar items or groups
of equipment. These measurements shall be carried out in accordance with ISO 18434-1 as well as
established industry standards and practices, relevant International Standards and manufacturers’
guidelines.

8.2 Typical guidelines

When applying infrared thermography to the condition monitoring and diagnostics of machines, and
their related components, it is strongly recommended that severity assessment criteria be established.

© IS0 2019 - All rights reserved 5
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These measurements shall be carried out in accordance with ISO 18434-1 as well as established
industry standards and practices, relevant International Standards and manufacturers’ guidelines.

9 Image interpretation guidelines

From a machinery viewpoint, thermal image interpretation is essentially a process of comparing
apparent surface temperatures and patterns against reference images representative of the ideal
design, manufacture, installation, operation and maintenance criteria. Such comparison can also be
required prior to and post a maintenance activity.
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mple of this is where the heat generated by friction in a bearing load zone is not exces
he wrong location indicating potential faults such as inc0rrect assembly or drive t
Ent.

ysing machine systems, a thermodynamic approach needs to be undertaken comb
alytical approach that considers the machine system as a whole rather than as indivi
s. Such a thermodynamic approach considers thie'machine system from the viewpoint
htion, heat loss and incident heat as well as conduction, convection and radiation.
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xamples relating to thermodynamic conditions is given in Annex A.
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Diagnosing machine systems using thermography is not generally rule based. Diagnostics, therefore,
requires a principle based approach where analysts use thorough understanding of the principles of
heat generation, flow and control to diagnose machine systems faults. In any diagnosis process, the
definition and description of “normal” is as equally important as defining and describing “abnormal”.

There are generally six principles that underpin such analysis:

— sources of heat generation within a machine system;

abnormal heat distribution;

— sources of friction control within a machine system;
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sources of external application of heat to a machine system;
sources of heat loss from a machine system;

principles of heat transfer that affect the heat transfer to and from a machine system.

Diagnosis of machine systems usually requires the application of all six principles to identify the source
of thermal anomalies and to diagnose causes. Examples that demonstrate the principles are given in
Annex A.

10.2 Heat generation
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10.

.1 General

t generation sources may include, but not be limited to: friction, exothermig
tromagnetic, electrostatic and adiabatic compression.

P.2 Surface friction

tion is caused by the interaction of two surfaces moving in relative motion whilst
tive velocity, surface roughness, relative surface hardness, materials, contaminants,
s and load all influence surface friction. Thermal imaging ean be used to determine the
'mal response to any change in these friction modifiers.

possible that the load on a particular surface is not reptesentative of the total applied load
metries and load characteristics can result in such applied loads being concentrated over g
face area. Such load concentration can result in increased heat generation over a localised

important for the analyst to have a thorgugh understanding of the design intent f
ponent loading in order to determine abndrmal load, load patterns and load distribution

.3 Fluid friction

d friction is caused by the disturbance of a fluid flow over a surface. Such fluid flow d
be influenced by fluid velgéity, flow characteristic (laminar or turbulent), fluid densi
perties, surface roughnessand pressure.

heat generation within a fluid containing machine can also be concentrated over a
face area due to geébmetrical errors such as impeller-to-casing misalignment or eccentric
lised variation ¢ffluid friction due to clearance variation.

d friction canalso be generated within hydrodynamic bearings particularly under boy

ditions:

p.4) Electrostatic discharge heating

reaction,

in contact.
lubricating
machine's

| as surface
particular
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r machine
S.
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Electrostatic heating occurs when an electrostatic charge builds up on, or in, a component resulting in a
discharge arc between components. This arcing creates heat.

This typically occurs on centrifugal compressors or fans in a dust laden environment when static
electricity builds up on the impeller and discharges to earth via the bearings or seals usually in the
load zone.

10.2.5 Electrical (induced current) discharge heating

Electrical (induced current) heating occurs when a current induced by a rotating magnetic field builds up
on, or in, a rotating component resulting in a discharge arc between components. This arcing creates heat.
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This typically occurs on various types of variable speed motors where rotating currents can be induced
in the motor rotor resulting in a passage of current to earth via the bearings usually in the load zone.

10.2.6 Exothermic reaction heating

An exothermic reaction is a chemical reaction or phase change that releases energy in the form of heat.
Such reactions can include combustion of fuels and lubricants (micro-dieseling) as well as industrial
processes such as foam generation.

10.2.7 Electromagnetic heating

Eddy currgnts inside ferromagnetic components, causing the components to heat up due to molecullar/
atomic exc|tation, can cause electromagnetic heating.

This usually occurs on static components within alternating current electromagnetic field; i.e. m¢tor

control calfinet components, casings and structural components within magnetic fields.

10.2.8 Compression heating

Changes in|pressure can also generate heat. Examples include gas compressiehin compressors, bladder
pulsation dampers and adiabatic compression of entrained air in lubricants:and or liquids (cavitation).
This typicdlly occurs in reciprocating compressors or hydraulic systenis.

10.2.9 Mg3terial cyclic deformation heating

Cyclic deformation of some materials produces heat due to ¢the work hardening and microstructpiral
deformatidn of the material.

10.2.10El¢ctrical resistance heating

Heat is geherated in electrical systems by the passage of current through a conductor or across
contacting|surfaces. The rate of heat generated power, P, expressed in watts, is proportional to|the
resistance R, expressed in ohms, of the conductor or conducting path and the square of the curreint, ],
where curfent is measured in amperes.

P=IR

10.3 Abnprmal heat distribution

Abnormal Joading conditiens caused by incorrect machine and component forces can result in abnorjmal
thermal distributionpatterns whilst not necessarily producing excessive heat. Examples of this include
misaligned machinetrains, misaligned components and internal shaft misalignment within gear trains
or machings witlrintegral gear drives, e.g. some large centrifugal multi-stage compressors.

Abnormal lhegdt _distribution sometimes occurs at inr‘nrrpr‘fly assembled machine surface interfaces

whereby air gaps provide a degree of insulation. Alternatively, the loss or absence of an insulating
medium can also result in abnormal heat transfer between machine surfaces.

10.4 Applied heat

Applied heat sources are generally external to the machine and require conduction, convection,
radiation and induction for heat transfer to the machine. Examples typically include heat conduction
along machine components, heat convection within enclosed machine spaces and heat radiation from
adjacent hot surfaces.

8 © IS0 2019 - All rights reserved
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10.5 Heat loss

Sources of heat loss can include, but not be limited to, conduction, convection and radiation by various
fluids, gases and materials, as well as endothermic reactions and adiabatic cooling.

Heat loss can be intentional (i.e. cooling) or unintentional (i.e. loss of insulation). A thorough
understanding of the machine system design is required to determine what represents an abnormal
condition. Abnormal cooling conditions can be induced by inadequate or excessive cooling and/or
inadequate or excessive insulation.

10.

Heat transfor

TITT T tIrattoreTr

Hedt transfer can be either intended or unintended. Heat transfer is usually controlle

for
ma

of insulating media. Failure of insulation results in unwanted heat flow either|ffom
hine system.

d by some
or into the
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Annex A
(informative)

Case examples

The following are examples only and should not be used for interpretation or analysis. These images
should be interprnfn,l by—certified—thermoesraphers—that—-are—suitably—experienced—in—the—relevant

e ooy Ce T oI T O eIt T I o g T o pPIrC T o tioc ot o oulcaoty —CXpeTIonetor

machinery|design and analysis principles.
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