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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
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This part of ISO 18434 provides guidance on the use of infrared thermography (IRT) as part of a programme
for condition monitoring and diagnostics of machines. IRT 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.

IRT|is based on measuring the distribution of radiant thermal energy (heat) emitted from a target-s
conyerting this to a map of radiation intensity differences (surface temperature map) or-therm
theqmographer therefore requires an understanding of heat, temperature and the variods tyyq
transfer as essential prerequisites when undertaking an IR programme. Thermal energy'is pres
opefation of all machines. It can be in the form of friction or energy losses, as a property of the pro
prodluced by the actual process itself or any combination thereof. As a result){emperature ca
parameter for monitoring the performance of machines, the condition of machines, and the dia
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hine problems. IRT is an ideal technology to do this temperature monitoting because it providg
mal images of a machine, or a machine component, with no physical attachments (non-intrusiy
set-up, and provides the results in a very short period of time.

mportant advantage of radiation thermometers over contact thermometers is their speed of res
sured energy travels from the target to the sensor at the speed of light. The response of thg
then be in milliseconds or even microseconds. Another advantage is the sensitivity of the ins
they can detect and display a thermal “picture” composed of the very subtle temperature di
farget.

ough extremely useful, IRT has a limitation in.that radiometric sensing is susceptible to unacce
n used on most low emissivity surfaces.
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INTERNATIONAL STANDARD ISO 18434-1:2008(E)

Condition monitoring and diagnostics of machines —
Thermography —

Part 1:
General procedures

1 |Scope
Thig part of ISO 18434 provides an introduction to the application of infrared thermography (IRT) t¢ machinery
congition monitoring and diagnostics, where “machinery” includes machine _auxiliaries such as yalves, fluid
and| electrically powered machines, and machinery related heat exchanger equipment. In addition, IR
applications pertaining to machinery performance assessment are addressed.
Thig part of ISO 18434:

— |introduces the terminology of IRT as it pertains to condition monitoring and diagnostics of machines;
— | describes the types of IRT procedures and their merits;

— | provides guidance on establishing severity assessment criteria for anomalies identified by IRT

— |outlines methods and requirements for caprying out IRT of machines, including safety recommgndations;

— | provides information on data interpretation, and assessment criteria and reporting requirement

]

— | provides procedures for determining and compensating for reflected apparent temperature, enissivity and
attenuating media.

Thig part of ISO 18434 also-encompasses the testing procedures for determining and compg¢nsating for
reflected apparent temperatire, emissivity and attenuating media when measuring the surface temperature of
a target with a quantitative IRT camera.

NOTE It is intended that future parts will address application-specific analysis guidelines.

2 |Normative references

Th fU“UVViIIy IUfUIUIIbUd dUbUIIIUIItD dalc iIIUI;D}JUIIDdIUiU fUI t:IU app“uatiun Uf til;b UIUL;UIIICIIt. FOF dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

ISO 13372, Condition monitoring and diagnostics of machines — Vocabulary

ISO 13379, Condition monitoring and diagnostics of machines — General guidelines on data interpretation
and diagnostics techniques

ISO 13381-1, Condition monitoring and diagnostics of machines — Prognostics — Part 1: General guidelines

ISO 17359, Condition monitoring and diagnostics of machines — General guidelines

© 1SO 2008 — Al rights reserved 1
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ISO 18436-7, Condition monitoring and diagnostics of machines — Requirements for qualification and
assessment of personnel — Part 7: Thermography

ASTM E1897, Standard test methods for measuring and compensating for transmittance of an attenuating
medium using infrared imaging radiometers

3 Terms and definitions

For the purposes of this document the terms and definitions given in ISO 13372 and the following apply.

3.1

apparent temperature

uncompen

ted reading from an infrared thermography camera containing all radiation incident on

detector, regardless of its source

3.2

attenuating media

windows, fi
emitted fror

3.3

black body

ideal perfeg

NOTE 1

3.4
emissivity
&

ratio of a ta
interval

3.5

ters, atmospheres, external optics, materials or other media that attenuate the infrared radic
N a source

t emitter and absorber of thermal radiation at all wavelengths

his is described by Planck's law.

rget surface’s radiance to that of a black bedy at the same temperature and over the same spe

infrared thIrmography camera

IRT camer:
instrument

monochronmj
apparent te

g
\

NOTE

3.6

image prog
converting
analysis

that collects the infrared \radiant energy from a target surface and produces an imag
e (black and white) or-colour, where the grey shades or colour hues are related to target sur
mperature distribution

uch images are sometimes called infrared thermograms.

essing
an image to digital form and further enhancing the image to prepare it for computer or vi

the

tion

ctral

sual

NOTE

measurements, thermal profiles, image manipulation, subtraction and storage.

3.7
infrared
IR

In the case of an infrared image or thermogram this could include temperature scaling, spot temperature

that portion of the electromagnetic continuum extending from the red visible wavelength, 0,75 pm, to 1 000 ym

NOTE

most infrared measurements are made between 0,75 pm and 15 pm wavelengths.

Because of instrument design considerations and the infrared transmission characteristics of the atmosphere,

© 1SO 2008 — All rights reserved
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3.8
isotherm
enhancement feature applied to an image, which marks an interval of equal apparent temperatures

3.9

infrared thermography

IRT

acquisition and analysis of thermal information from non-contact thermal imaging devices

3.10

radiation, thermal
mode of heat flow that occurs by emission and absorption of electromagnetic radiation, propagpting at the
spegd of light

NOTE Unlike conductive and convective heat flow, it is capable of propagating across a vacuim. A [form of heat
trangfer which allows IRT to work since infrared energy travels from the target to the detector by radiation.

3.11
reflectivity

Yol
ratig of the total reflected energy from a surface to total incident energy on\that surface

NOTE 1 p=1- ¢— r; for a mirror, reflectivity approaches 1,0; for a black body, p= 0.

NOTE 2  Technically, reflectivity is the ratio of the intensity of the reflected radiation to the total radiation; feflectance is
the fatio of the reflected flux to the incident flux. In IRT, the two terms.are often used interchangeably.

3.12
reflected apparent temperature

T, refl

appprent temperature of other objects that are reflected by the target into the infrared thermographly camera

3.13
repeatability
(infrared thermography) capability of. an’instrument to repeat exactly a reading on a fixed target over a short-
or Igng-term interval

NOTE Repeatability is expressed in + degrees or a percentage of full scale.
3.14
sigmal processing

manipulation of atemperature signal or image data for the purposes of enhancing or controlling a grocess

EXAMPLE 1 For infrared radiation thermometers: peak hold, valley hold, sample hold and averaging.

EXAMPEE 2 For scanners, cameras and imagers: isotherm enhancement, image averaging, alignment, image
subfrdetion and image filtering.

3.15
spatial measurement resolution
measurement-spot size in terms of working distance

NOTE In an infrared radiation thermometer this is expressed in milliradians or as a ratio of the target-spot size
(containing 95 % of the radiant energy, according to common usage) to the working distance. In scanners, cameras and
imagers it is most often expressed in milliradians.

3.16

target
object surface to be measured

© 1SO 2008 — Al rights reserved 3
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3.17
thermogram

thermal map or image of a target where the grey tones or colour hues represent the distribution of infrared

thermal radiant energy over the surface of the target

3.18
transmissivity
transmittance
T

proportion of infrared radiant energy impinging on an object surface, for any given spectral interval, that is

transmitted through the object

NOTE 1 =1-¢-p
where

T is fransmissivity;
& is emissivity;

p s reflectivity.

NOTE 2 for a black body, = 0. Transmissivity is that fraction of incident radiation trahsmitted by matter.

3.19
working distance
distance frgm the target to the instrument, usually to the primary optic

4 Thermography techniques

There are $everal recognized IRT techniques in usecthroughout industry. Comparative thermography is
most common technique and it is normally used to _provide the best available data in lieu of ideal, or abso
thermal measurements. When encountering chahging machinery operating conditions, the ability to pert
rough emissivity estimates, and the ability to differentiate emissivity differences on machinery equipm
provides ugeful information for the condition monitoring and diagnostics of the machine under the less-t
ideal circumstances frequently encountered in the field. The confidence level of the information obta

thermometry using.infrared thermal cameras is used when it is essential to know as precisel
true temperature of a target. However, this technique is not normally used for cond

thermography is normally used as part of a condition-monitoring process when such a proceg
in,aceordance with 1ISO 17359. IRT can also be used as a primary or secondary technique
diagnosis @nd_‘prognosis when these processes are carried out in accordance with 1SO 13379

the
ute,
orm
ent,
han-
ned
tion

y as
tion

S IS
b for
and

ISO 13381-4 relspectively

5 Comparative thermography

5.1 Types of comparative thermography

Comparative thermography can be either quantitative or qualitative. The quantitative technique requires
determination of a temperature value to distinguish the severity of a component’s condition. This valu
determined by comparing the target’'s temperature to that of similar service equipment or baseline data.

the
e is
For

high emissivity surfaces both temperature, 7, and temperature difference, AT, values are typically reliable
provided good measurement techniques are followed. T and AT values of low emissivity surfaces are often
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unreliable due to surface and environmental variations. In addition, many applications also require assigning
values to observed thermal patterns for the purposes of analysis, trending, designating severity levels and
assigning priorities.

However, there are many applications where quantitative data are not required to monitor the condition of
machinery, or to diagnose a problem and recommend the appropriate corrective action. In these cases,

qualitative techniques may be more than adequate.

5.2 Comparative quantitative thermography

svaluating the
b determine
xtent to the

phygics of IRT which must take into consideration the multiple parameters that enable,a trlie absolute

temperature measurement. These IRT considerations are: emissivity, reflectivity and' transmis
result, estimates of these IRT considerations can be readily made to obtain a component’s 3
temperature, which, in most cases, is more than sufficient to determine the severity\of-an adverse

An ¢xample of comparative quantitative thermography would be that, if two or-more machines are
the pame environment and under the same load conditions, and one is expefiencing an elevated t

sivity. As a
pproximate
ondition.

pperating in
emperature,

this|is usually an indication that a deteriorating condition may exist: However, the determin

tion of the

temperature difference would then assist in establishing the severity of-the condition. In this example, a 5 °C

diffgrential would be considered minor, whereas a 100 °C differential may be considered to be
knowing the approximate value of the elevated temperature wodldvprovide an indication that the
limi{ of a component may be approaching published values. Therefore, while qualitative measur|
alsq detect deficiencies, it is the quantitative measurementsithat have the capability of determining

Singe it is not always practical to determine the exact\temperature, or even emissivities, of ea
surface, the alternative use of comparative thermography becomes more practical. (
measurement, unlike qualitative measurement, identifies a thermal deficiency by comparing the tsg
obtgined using a consistent emissivity value, &jera, fOr those surfaces of similar emissivity, i.e
face of a single machine or between  the surfaces of similar machines. The temperature
veen two or more identical or similar surfaces is measured numerically. Assuming that the en
Hitions and surface properties for (bath components are similar, the differential temperature f
e of equipment is recorded as being the amount above the normal operating temperature o
pment.

con
pied
equ

The)
and
exp

comparative measurement technique uses quick emissivity estimates, reflected apparent f{
component distance..measurements. The emissivity factors of the materials are obtain
brience.

Itis
valy

possible to chéck the emissivities of the most commonly encountered materials in a plant to as
es that can'then be used when inspecting components with these materials.

Each plant-must develop its own set of default values, as similar components in different plantg

itical. Also,

emperature
ements can
severity.

ch machine
omparative
mperatures
across the
differential
vironmental
br the given
the similar

emperature
ed through

sign default

5 may have

diffq
vary

rent enwronments (such as cIeanllness) or the eqU|pment may have dlfferent surface finishesg,

and these

¢d apparent

temperatures are estlmated these values are entered into the IRT camera to |nd|cate a temperature value for
each component. This type of measurement is effective when surveying many components. It is quick and it
provides useful information for determining the severity of a component’s condition.

5.3 Comparative qualitative thermography

Comparative qualitative measurement compares the thermal pattern or profile of one component to that of an
identical or similar component under the same or similar operating conditions. When searching for differing
thermal patterns or profiles, an anomaly is identified by the intensity variations between any two or more
similar objects, without assigning temperature values to the patterns. This technique is quick and easy to
apply, and it does not require any adjustments to the infrared instrument to compensate for atmospheric or
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environmental conditions, or surface emissivities. Although the result of this type of measurement can identify
a deficiency, it does not provide a level of severity.

This IRT technique is used throughout most industries. It is very effective in identifying hot bearings or other
abnormally hot machine components, hot spots in electrical equipment, undesirable hot electrical connections,
leaking or blocked fluid heat exchange equipment and components (tubes), and fluid leaks from pressure

vessels, pip

es and valves.

6 Non-contact thermometry using infrared thermography cameras

The determ

technical and environmental factors involved. As a result, absolute IRT measurements are done onlyif

precise tem
are normal
cameras is

7 Base

For both cq
taken of cri
later IRT su
machines g
is useful fi
catastrophi

8 Safet

Prior to the
with applicg
may exist. A

9 Calib

Thermogra
established
body referg
industry stz
survey.

NOTE A
cube, using

ination of the corrected temperature of a target using IRT can be difficult because of then

perature values, or small temperature differentials, are critical to a process. These determinat
y attempted only under extremely controlled conditions. This type of measurement’ using
hot normally used for condition monitoring.

ine measurements

mparative and absolute techniques, it is strongly recommended that baseline measurement
ical plant equipment for diagnostic and prognostic reference. This is very important when ma
rveys of machines or components and comparing them with{previous thermograms of the s

br identifying developing problems early, thus preventing major maintenance operationg
> failures. Some examples of baseline measurements are-contained in Annex C.

y

commencement of work, minimum safety.rdles and guidelines shall be established in accordas
ble local or national standards and regulations and particularly where hazardous environm
A\n example of minimum safety rules and guidelines is contained in Annex B.

ration

bhers shall have IRT-eameras calibrated to original equipment manufacturers' guidelines|
industry practice~DoCcumented calibration checks should be carried out using a traceable bl
nce in accordange” with manufacturer's recommendations, client specification or any applic
ndard. QuicKccalibration checks are recommended to be performed prior to each inspectio

he-correct emissivities under ideal conditions.

any
very
ons
IRT

5 be
king
ame

perating under the same load and environmental conditions{ This condition monitoring procedure

or

nce
ents

, or
ack-
bble
h or

quick>eheck can be made, for example, by using the human face tear duct, boiling water or a melting ice

10 Data collection

Data collection shall be carried out in accordance with the following.

a)

wind, s
b)

consist
c)

carried
6

urface and atmospheric conditions and heat transfer are favourable to gathering accurate data.

ent with normal conditions.

out in accordance with Annex A.

Infrared inspections should be performed when environmental and physical conditions such as solar,

The operating and environmental conditions under which data are acquired should be repeatable and

The thermographer shall ensure that all emissivity and reflected apparent temperature determinations are
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d) The thermographer shall ensure that the target size is within the spatial measurement resolution of the
camera.

e) The thermographer shall have sufficient knowledge of the design, manufacturing, installation, operation
and maintenance principles of the machine, the typical faults associated with each principle and their
resultant thermal anomalies in order to accurately interpret the observed patterns of radiation.

f)  The thermographer shall use IRT and/or measurement equipment with capabilities sufficient to meet the
inspection requirements.

g) Whenever possible, after repair, or when requested by the end user, each anomaly should be
re-inspected to ensure that its operating temperature is normal and the potential problem cosrected.

11 |Customer responsibilities
The  customer of the IRT service should:

a) |provide or help develop an inventory of the equipment to be inspectedyin a logical and efficient route
through the facility;

b) |provide a qualified assistant(s) who is/are knowledgeable of the.operation and history of the eguipment to
be inspected when required; this person(s) should accompany the infrared thermographer during the
inspection and shall be qualified and authorized to:

1) gain access to the equipment to be inspected“and should notify operations persopnel of the
inspection activities;

2) open and/or remove all necessary covers immediately before inspection by the infrared
thermographer;

3) close and/or replace these cabinet and enclosure covers immediately after inspection by|the infrared
thermographer;

4) operate any equipment as.required if possible;
5) assure that the equipment to be inspected is under adequate load, create satisfactory Joads when
necessary and alow sufficient time for recently energized equipment to produce stable thermal
patterns;

6) measure €lectric loads when requested by the infrared thermographer;

7) takefull responsibility for consequences resulting from actions taken, or not taken, ag a result of
information provided by an infrared inspection;

8)., provide information on the results of repair and inspection activities.

12 Field measurements of reflected temperature and emissivity, and attenuating
media

In many instances field measurements of reflected apparent temperature and emissivity need to be carried out
in order to obtain correct absolute temperatures. These measurements shall be carried out in accordance with
Annex A as well as established industry standards and practices, normative references and manufacturers’
guidelines.

Testing procedures for measuring and compensating for attenuating media shall be in accordance with
ASTM E1897.

© 1SO 2008 — Al rights reserved 7
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13 Temp

erature severity assessment criteria

13.1 Establishing severity assessment criteria

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

The severity assessment criteria can take two forms:

a) organized into general categories that identify temperature levels, or zones, versus levels of criticality;

b) applied
In either ca

In practice
industry. C

to specific machines or components, or to like groups of machines or components.
5e, the levels are established through experience and the accumulation of data.

o singular severity assessment criterion is universally applicable to the variety of-items existin
bnsequently, severity assessment criteria must be developed for each category of equipn

based upo

modes and |criticality.

Severity asgessment criteria can be established on individual machines or compenents. This method is b3

on many f
of deteriora
with respec
could inclu
electrical su
transfer-typ

The infrare
anomalies.

temperaturg of a defined reference.

By taking
conditions,
performanc;

A AT syste

13.2 Tem

Baseline tq

its design, manufacture, operating, installation and maintenance characteristics and its fa

tors, including: safety of personnel; temperature rise versus historical data that establishes
ion and time to failure; criticality of the machine or component to the overall process; locg
to other materials/equipment should a fire result; envirommental conditions, etc. Applicat
e temperature rises of critical machines, mechanical eemponents, bearing temperature ri
pply or connection rises, fluid leakage losses, or even the number of tubes clogged in fluid

e equipment.

I thermographer may use AT criteria or classify*the temperature severity of mechanical syg

These AT criteria are usually reported as\'the temperature rise of the anomaly above

ultiple measurements of similar components over time, under similar operating and environmsg
statistical analysis can be used to 'set operational limits for trending and predicting the temperg
e of these components.

perature difference criteria

mperatures;>and assessment criteria should be based on historical or statistically der

temperatur

Assessme

of equipmept;Zor of components located on the same shaft. It should be understood that such criteria sh

s established from the specific item, or machine groups, when in the “ideal” condition.

criteria should be based on temperatures specified by manufacturers, of similar items or grg

gin
hent
lure

sed
rate
tion
ons
5es,
heat

tem
the

ntal
ture

M may be used in conjunction with these absolute temperature criteria to rate the tempergture
severity of an anomaly above the maximum permissible temperature.

ved

ups

buld

not be universally applied to similar machine types due to local variations in application, process, environment,
duty cycle, etc.

13.3 Maxi

mum permissible temperature criteria

The infrared thermographer may use absolute maximum permissible temperature criteria based on published
data to identify mechanical system anomalies. It shall be well understood that there are two categories of

criteria bein

g material and design:

a) material criteria are used where the integrity of the material itself is of concern and is the focus of
monitoring;
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b) design criteria are used where the design integrity is the major concern and is the focus of the monitoring;
design criteria should always be used in preference to material criteria as design criteria normally
incorporate material requirements and design criteria are usually cognisant of performance, operation,
reliability and capacity criteria rather than just component material integrity.

When an anomaly is heating several adjacent system components and a material criterion is used, the
component material having the lowest temperature specification should be referenced as the alarm criterion.

WARNING — In most machine cases, the lubricant will have the lowest temperature specification. The
maximum permissible temperature should be stated as the temperature above which an unacceptable
loss of component life will be experienced due to a loss of lubricant characteristics. Such reductions

in ¢haracteristics may be immediate (viscosity) or long term (additive depletion). Such_¢riteria will
tend to be design rather than material based. This will require application-specific temperature criteria
despite the possible use of common lubricants.

In many instances the infrared thermographer cannot directly measure the surfaces)of actual components.
Carg and good judgement must be used when applying any severity specificationsyto actual field femperature
measurements as they must take into account any losses or errors due to conduction paths, conyvection and
radiption. Such losses or errors may result in the measured values being.insensitive to actual change in
conmponent condition thereby reducing the effectiveness of any trending.

14 | Profile assessment criteria
Profile assessment is a process of comparing temperature differences and patterns across a sufface. As in
any| severity assessment process the absolute and differential temperatures and profiles meed to be
detgermined for two key conditions being the “as new” and’ithe “failed” conditions. Severity assesgment is the
subgequent process of determining the condition of the*equipment between these two conditions.
Thel key areas of profile assessment are temperature gradients, changes in profile, historical changes,
locglized differences, absolute temperatures, and location of anomalies or profile characteristic rejative to the
iter).

Severity assessment of temperatures and profiles should be carried out in accordance with Clause|13.

15 |Diagnosis and prognosis

15.1 Survey intervals
Suryey intervalsShould be determined cognisant of the rate of deterioration of the expected fault and the

behpviour, ovef time, of temperature as a representative symptom of the fault. The determinatign of survey
intefval is primarily necessary for prognosis accuracy rather than fault identification.

15.2 Amage interpretation

From a machinery viewpoint, thermal image interpretation is essentially a process of comparing apparent
surface temperatures and temperature profiles against those representative of the ideal design, manufacture,
installation, operation and maintenance criteria.

When using IRT for machinery-condition monitoring purposes the operating conditions of the machine at the
time of each survey need to be known in detail as many changes in thermal profile are operating in a
condition-dependent manner.

The design of a machine is essential to understanding component loading, which, in turn, is the primary
contributor to thermal profile. When using IRT to assess a machine condition, the machine shall be viewed as
a whole. Each image shall be analysed as part of a series rather than an individual representation of a
localized condition.
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15.3 Fault identification process

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

a) determine the expected temperature and profiles when the machine is operating under “as-designed”
conditions;

b) develop severity assessment criteria associated with the “as-designed operating condition”;

c) determine the expected temperature and profiles with the machine operating under “existing” operating

conditions;

d) develop severity assessment criteria associated with the “existing operating condition”;

e) determjne whether the temperatures and profiles are either caused by the operating condition or a
condition;

f)  develop fault diagnosis;

g) develop prognosis if required;

h) issue report.

NOTE An example of this is locating versus non-locating bearings whereby the' locating bearing normally sustain

axial as well
sustains a rg
that it is not f

16 Test |

as a radial load and subsequently can be expected to run hetter than the non-locating bearing that
dial load. Conversely if the non-locating bearing is running hetter than the locating bearing this may ind
oating and is therefore sustaining axial loading above design:

eport

Fault

s an
only
cate

The thermggrapher shall provide reports for all (infrared inspections. Unless otherwise agreed with|the

customer, the report shall contain, but not be limit€d to, the following information:

a) the name of each thermographer;

b) the qualification of each thermographer;

c) the name and address of the eustomer;

d) the name of each assistant accompanying the infrared thermographer during inspection, if applicable;

e) the mapufacturer;maodel and date of calibration for the infrared equipment used;

f) a list gf all the' equipment to be inspected and notations of the equipment from the list that was| not
inspec1ed;

g) details

h) details

of all thermal anomalies detected;

of the operating and environmental conditions for each machine at the time of inspection;

i) the date(s) and time(s) of the inspection(s);

j)  the date when the report was prepared.

When performing a qualitative infrared inspection, the thermographer should provide the following information
for each anomaly identified:

k) the exact location of each anomaly;

10
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tation of the

time of the

erence, and

onditions or

nographer's
ncement of

I) adescription of each anomaly;
m) details of any attenuating media;
n) when significant, the environmental conditions surrounding the anomaly; e.g. the air temperature, wind
speed, wind direction and the weather conditions;
0) hardcopies of thermogram(s) of the anomaly(-ies) and corresponding visible-light image(s);
p) details of any windows, filters or external optics used;
g) |an evaluation rating or a statement of the importance of the anomaly to the safe and continuoys operation
of the system;
r) |reference to, or statement of, the assessment criteria used;
s) |any other information or special conditions that may affect the results, repeatability or interpre
anomaly.
When performing a quantitative infrared inspection, the thermographer sheuld“provide the following additional
infomation:
t) |the distance from the IRT camera to the anomaly;
u) |whenever possible, the maximum rated load of the item “and its measured load at the
inspection;
v) |the emissivity, reflected apparent temperature and{ransmission values used to calculate temperatures;
w) |when using AT criteria, the surface temperattite of the item, the temperature of a defined ref
their relative temperature difference.
In addition to the above technical content the report should also contain a notation of any unsafe c
pragtices observed and actions undertaken.
17 |Qualification of personnel
Thermographers shall_be,qualified and assessed in accordance with 1SO 18436-7. The thern
required category shalhbe agreed upon by the customer and service provider prior to the commsg
any|work.

© 1SO 2008 — All rights reserved
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Annex A
(normative)

Field measurements of reflected apparent temperature and emissivity

A.1 How to measure reflected apparent temperature

A.1.1 Equ

In order to measure target reflected apparent temperature the following equipment is required:

. .

rent

4%
Q
(7]

cus

din
any

era.

the

rent

hp.”,

a) a calihrated quantitative IRT camera that allows the thermographer to input reflected appd
temperature, 7,4, and emissivity, ¢, values;

b) an infrared reflector such as a crumpled and re-flattened piece of aluminium foil placed shiny side up pn a
piece df cardboard.

A.1.2 Ref|ector method

The procedpre for determining the reflected apparent temperature, T,.q, using the reflector method shall b

follows.

a) Setthg IRT camera's emissivity control to 1,00 and distance to¢0.

b) Place the IRT camera at the desired location and distancefrom the target to be measured. Aim and fq
the IRT| camera on the target.

c) Place the reflector in the field-of-view of the IRT camera. The reflector shall be placed in front of, ar]
the same plane as, the target surface (see Figure A.1). Maintain a safe working distance from
energiged or potentially dangerous targets.

d) Without moving the camera, measure the apparent surface temperature of the reflector with the cam
Note tHis temperature, which is the reflected apparent temperature, Tq, Of the target.

e) For greater accuracy, repeat \procedures b) to d) a minimum of three times and average
temperatures.

f) Compgnsate for the reflected apparent temperature by entering the averaged reflected appa
temperature in the dRT camera under the T, input (sometimes referred to as “TAM”, “amb. ten
“reflected apparentitemperature” or “background temperature”).

2 3
b \. Y .
N . 4
1 - - - - - - - m—————m——— - - - -

Key

1 IRT camera

2 reflected heat source

3 reflector parallel to target

4 target

Figure A.1 — Reflector method
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A.1.3 Direct method

The procedure for determining the reflected apparent temperature, 7,4, using the direct method shall be as
follows.

a) Setthe IRT camera's emissivity control to 1,00.

b) Place the IRT camera at the desired location and distance from the target. Estimate the angle of
reflection, «, and the angle of incidence, f, when viewing the target with the camera from this location
(see Figure A.2).

ositio oIRT 63 a-so-that-it-is—at-the-angle—o j jew—the sources
reflected by the target (see Figure A.3).

d) |Measure the average apparent temperature of these sources with the camera. Use ahy,camera features
available (such as area averaging) that average these reflected apparent temperatures. Note this
temperature, which is the reflected apparent temperature, 7., of the target.
e) |For greater accuracy, repeat procedures b) to d) a minimum of three times and average the
temperatures.

Key

1 RT camera

2 feflected heat source
3 target

a jngle of reflection

£ Bngle of incidence
a=p

Figure A.2 — Direct method step b)
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Key

1 IRT cam
2  reflected
3 target

a angle of
fB angle of
a=p

era
heat source

reflection
incidence

Figure A.3 — Direct method step ¢)

Compensation for the reflected apparent temperature can be-made by entering the averaged refle

apparent te
“reflected a

Thermogra
various ang
by hot or cg
Reflections
and angle
lower than

Thermogra
thermograp

A.2 How

A.2.1 Equ

mperature in the IRT camera under the 7, input (Sometimes referred to as “TAM”, “amb. ten
bparent temperature”, or “background temperature?).

les and observing any visual or temperature changes shown in the thermal image. Errors cay
Id sources of reflected radiation can alsg-be reduced by shielding the target from these source
produced by a point source (such as the sun) can often be avoided by moving the camera pos
mbient temperatures.

pbhers should also be(aware that the direct method usually does not include the heat from
her's body as a sourcé of reflected radiation, which, in some cases, can create a significant err

to measure the emissivity of a target

ipment requirements

cted
1p.”,

bhers can test for the significance of reflected apparent temperatures by shielding the target from

sed

D.

tion

elative to the target. It should“also be remembered that reflected apparent temperatures can be

the
DI,

In order to 1

a)

b)

. g 1 ST . . . . Il
1ISaAsSUIc tdlgct CITISSIVILY ‘ll IS TONOWITTY TYUUIPITICI I‘l IS TCYUireu.

of» and emissivity, &, values; and

a calibrated quantitative IRT camera that allows the thermographer to input reflected apparent
temperature, T,

a natural or induced means of heating or cooling the target at least 20 °C above or below the reflected

apparent temperature such that the target temperature is stable and close to the temperature of the
target(s) to be measured; and

d)

a calibrated contact, non-contact, or mirrored thermometer; or

IRT camera being used and at a temperature close to that of the target.

14

a surface-modifying material such as paint or tape with a known high emissivity in the waveband of the
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c)

d)
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2 Contact method

procedure for determining the emissivity, ¢, using the contact method shall be as follows.
Place the IRT camera at the desired location and distance from the target to be measured.
Measure and compensate for the target’s reflected apparent temperature.

Aim and focus the IRT camera on the target and, if possible, freeze the image.

Use an appropriate camera measurement function (such as spot temperature cross hairs or isotherms)

e)

9)

h)

A.2

The

d)

e)

f)

.3 Reference emissivity material method

to define a measurement point or area in the centre of the camera’s image.

Use a contact or mirrored thermometer to measure the temperature of the point or drea’ just defined by
the camera’s measurement function. Note this temperature.

Without moving the camera, adjust the emissivity control until the indicated témperature is the same as
the contact temperature just taken. The indicated emissivity value is the emissivity of this {emperature
target measured with this waveband camera.

For greater accuracy, repeat procedures b) to f) a minimum of three times and average thg emissivity
values.

Compensate for emissivity by entering the averaged emissivity value in the IRT camerg under the

emissivity input (commonly referred to as “&”, “emissivity”):

reference emissivity material method is as follaws.

Place the IRT camera at the desired location and distance from the target to be measured. Aifn and focus
the IRT camera on the target.

Measure and compensate for the target’s reflected apparent temperature.

Apply the surface-modifyingymaterial on or immediately adjacent to the target you are measpiring. Make
sure the surface modifyingymaterial is dry and/or in good contact with the target.

Enter the known emissivity of the surface-modifying material in the emissivity input.

Aim and focus'the IRT camera on the surface-modifying material, allow enough time for the tgmperatures
to stabilizes-freeze the image, and measure and note the indicated temperature.

Aim and*focus the IRT camera on the target immediately adjacent to the surface-modifying [material, or
remove the surface-modifying material and aim and focus the camera on the previously modified surface.
Be)sure to allow enough time for the temperature to stabilize, freeze the image, and measufe and note

9)

h)

the Indicated temperature.

Using the frozen image, adjust the emissivity control until the indicated temperature is the same as the
just taken, non-contact temperature of the surface-modifying material. The indicated emissivity value is
the emissivity of this temperature target measured with this waveband camera.

For greater accuracy, repeat procedures b) to g) a minimum of three times and average the emissivity
values.

Compensate for emissivity by entering the averaged emissivity value in the IRT camera under the

emissivity input (commonly referred to as “¢’, “emissivity”).
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A.3 General
Both methods of measuring emissivity require contact with the target surface.
Whenever possible, temperature measurements should be verified with other thermometers.

These methods are valid only for target surfaces that are opaque in the waveband of the IRT camera.
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Annex B
(informative)

Example safety rules and guidelines

-1:2008(E)

This annex gives an example of safety rules and guidelines which should be observed by all parties
concerned (see Clause 8).

The
Prio
a)
b)
c)
d)
e)
f)
IMP
pe
9)
h)
i)

j)

k)
The
eng

mo
res

a site safety induction should be completed where deemed appropriate by the castomer;
full personal protective equipment (PPE) to be worn to site standards;

carry out a job hazard assessment (JHA);

ensure a site standby person is present at all times within clear sight;

if an injury occurs, the standby person must notify the site.safety response services;
report any incidents via an appropriate incident report-system.

ORTANT — Unless the necessary qualifications/licenses are held, or dispensatis

customer granted, the thermographer shall not’perform any tasks that are normally done K
r

onnel including:
removal or replacement of covers;
opening or closing cabinets containing electrical or mechanical equipment;

measurement of electric foads of the equipment;

measurement usingithe contact method;
operation of-any equipment.

thermographer or any accompanying person shall not alter or modify any safety cabine

thermographer shall comply with the safety guidelines, rules and regulations of the customer 3

r to commencement of work the following minimum safety rules and guidelines should be/follov

t all times.

ed:

bn by the
y qualified

physical contact with any inspected equipment unless totally necessary, e.g. for temperature

ts, guards,

losures_or barriers or defeat any safety devices, interlocks or systems in any way.

ponsible for occupational health and safety.

Any such

ifications, alterations or defeats should be immediately reported to the appropriTte person

© 1SO 2008 — All rights reserved
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Annex C
(informative)

Case history examples

C.1 Mill drive train misalignment

Figure C.1 — Mill drive-train misalignment

Case Histofy 1 involves a grinding mill drive train in a gold mine consisting of a motor, a 3 shaft redugtion
gearbox, 2 pinion bearings and a pinion gear. All bearings were rolling element types with the mill drive pihion
gear bearings being double row spherical reller bearings. The photographs and thermal images are contalned
below.
The followinjg temperatures were. re¢orded:
N\ Temperature
Paosition
°C

Motor drive pnd bearing 43,1

Gearbox inpgut shaft-drive end bearing 75,4

Gearbox ingut’shaft non-drive end bearing 67,8

Gearbox input shaft non-drive end shaft 78,3

Gearbox intermediate shaft drive end bearing 72,7

Gearbox intermediate shaft non-drive end bearing 71,4

Gearbox output shaft drive end bearing (locating) 64,9

Gearbox output shaft non-drive end bearing 61,0

Pinion drive end bearing (locating) 56,8

Pinion non-drive end bearing (non-locating) 45,5

Pinion gear drive end flank 42,2

Pinion gear non-drive end flank 31,9

18
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Figure C.2 —Gearbox temperatures

temperature of the gearbox intermediate shaft (B) can normally be expected to be slig
C to 2 °C) than the high-speed shaft (A) and moderately greater (3 °C to 5 °C) than the low-
as it is in double mesh at any\one time and hence receives more heat input. In this particu
rage temperature rise was( approximately 8,5 °C above the low speed shaft and approxim
ve the high-speed shaft, which was considered above normal.

above temperatures_and profiles were indicative of a misalignment between the motor and
blignment betweern_the gearbox and the mill drive pinion gear, and a misalignment between t
bn gear and-driven girth gear. The combined motor to gearbox and gearbox to mill
blignments have resulted in a loss of end float within the gearbox trapping the intermediate shaft gear. The
°C temperature difference across the mill drive pinion gear was also considered excessive ar|d indicative
bvere pinion to girth gear misalignment.

htly greater
speed shaft
ar case the
htely 3,5 °C

gearbox, a

e mill drive
rive pinion

misalignment conditions, gear loading and bearing distress were all confirmed using vibratipn analysis.

Subsequent overhaul and re-alignment of the drive train reduced the temperatures to acceptable levels.
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