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THE TOP 10 QUESTIONS PEOPLE ASK ABOUT
INFRARED THERMOGRAPHY

By Gary Orlove, P.E., ASNT
NDT Level III, itc Multime-
dia Producer

Below you will find answers
to common questions about
infrared thermography.

Hopefully this article will an-
swer questions you, your associates, or
your clients might
have. Enjoy!

or megahertz (MHz). Infrared detectors
or systems are categorized by their wave-
length. The unit of measurement used is
the micrometer, or micron (um), which is
one millionth of a meter. A system that
can detect radiation in the 8 to 12 ym
band we usually call “longwave.” One that
detects radiation between 3 to 5 pm is
(Continued on page 2)
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part of the electro-

magnetic spectrum and
behaves similarly to
visible light. It travels
through space at the
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The wavelength of IR 100nm
energy is about an or-

der of magnitude

longer than visible light, between 0.7 and
1000 pm (millionths of a meter). Other
common forms of electromagnetic radia-
tion include radio, ultraviolet, and x-ray.

See http://www.ipac.caltech.edu
Outreach/Edu/infrared.html for more in-
formation.

WHAT IS THE ELECTROMAGNETIC SPECTRUM?

e know that infrared radiation is a

form of electromagnetic radiation,
which is longer in wavelength than visible
light. Other types of electromagnetic ra-
diation include x-rays, ultraviolet rays, ra-
dio waves, etc. Electromagnetic radiation
is categorized by wavelength or frequency.
Broadcast radio stations are identified by
their frequency, usually in kilohertz (kHz)

100pum

The Electromagnetic Spectrum
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INFRAMATION 2000 - LAST CHANCE!

| he INFRAmation 2000
conference happens in
only 3 short weeks.

The conference, which will be
held September 24-27, 2000 in
Orlando, focuses on the devel-
opment of effective Thermo-
graphic Inspection techniques
and procedures in a wide variety
of Industrial and Research set-
tings. The conference also
serves as a user’s meeting for
all AGEMA, Inframetrics and
FLIR camera users.

The InfraMation 2000 confer-
ence is sponsored by The Infra-
red Training Center and FLIR
Systems and is held on an an-
nual basis. Registration informa-
tion can be obtained at www.
inframation.org or call 1 800 GO
INFRA for more information.

Check out the conference
Agenda and the Special event
we are hosting at SeaWorld!

Don’t miss out on the chance to
improve your thermography
program, register today!®
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(Continued from page 1)
termed “shortwave.” (A 3 to 5 sys-
tem can also be classified as
“midband,” because there are sys-
tems, which can detect radiation
shorter than 3 pm.) The visible
part of the electromagnetic spec-
trum falls between 0.4 and 0.75
pum. We can see colors because we
can discriminate between different
wavelengths. If you have a laser
pointer you may have noticed that
the radiation is specified in nano-
meters; usually about 650 nm. If
you examine a chart of the electro-
magnetic spectrum
at 650 nm (.65
pm) you will see
that it is the radia-
tion of red light.

WHERE DOES IN-
FRARED ENERGY
COME FROM?

Il objects emit infrared radia-

tion as a function of their tem-
perature. This means all objects
emit infrared radiation. Infrared
energy is generated by the vibration
and rotation of atoms and mole-
cules. The higher the temperature
of an object, the more the motion
and hence the more infrared energy
is emitted. This is the energy de-

“Infrared cameras do not see
temperatures, they detect
thermal radiation”
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tected by infrared | =0E
cameras. The 700
cameras do not g
see temperatures, jgg
they detect ther- o
mal radiation.

At absolute zero
(-273.16°C,
-459.72°F), ma-
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A thermogram and visual image of a plastic kettle after heating water.
Notice that you can see the heat from the water conducting through the

terial is at its low- \alis. Liquid levels in industrial tanks can be measured in the same

est energy state
so infrared radia-
tion is minimized.

manner.

WHAT IS INFRARED THERMOGRAPHY?

I[ nfrared Ther-
mography is
the technique for
producing a visible
image of invisible
(to our eyes) infra-
red light emitted
by objects due to their thermal con-
dition. The most typical type of
thermography camera resembles a
typical camcorder and produces a
live TV picture of heat radiation.
More sophisticated cameras can ac-
tually measure the temperatures of
any object or surface in the image
and produce false color images that
make interpretation of thermal pat-
terns easier. An image produced by

Black and white and color thermograms of a person; and a visible light photograph. Note the
glasses appear cool because they are cooler than the skin and longwave infrared energy will not
pass through glass. You can see the temperature patterns on the face, reds are warmer, yellows
and greens are cooler. Thermal patterns on the skin surface can be indicative of disease and are
sometimes used to aid medical diagnoses.

MEET THE STAFF - HANS HALLIN

telecommunication.
He worked for
BOFORS in the design
of A/D hardware and
software for air fighter
systems and ground/
vehicle based fire con-
trol systems before joining AGEMA
in 1984. Hans designed the elec-

ans works at the ite as a

Senior Applications Engi-
neer and holds a Level II Thermo-
grapher certification.
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Mr. Hallin graduated from the
Technical School of Stockholm in
electrical studies and

an infrared camera is called a ther-
mogram or sometimes a thermo-
graph.

WHY CAN’'T INFRARED FILM BE USED
FOR THERMAL IMAGING APPLICA-
TIONS?

his is a question that people

have been asking for over
twenty years. Let’s take a brief look
at the differences between film and
electronic thermal imaging.

Infrared photography involves the
production of photographs by
means of recording the reflection
of infrared radiation from very hot
sources such as the sun. Radiation
that lies in a range approximately
between 0.7 and 0.9 micrometers
can be recorded on specially sensi-
tized photographic emulsions. Such
film is also usually sensitive to visi-
ble light as well; so special filters
must be used to block the visible
light. Special detectors along with
specialized electronic equipment are
required to record heat waves of
longer wavelengths (infrared ther-
mography).

Infrared-sensitive photographic
emulsions can be used to study the
distribution of objects that are just
below red heat levels such as

(Continued on page 3)

tronics for the highly successful 470
system. Since 1995, he has pro-
vided technical support to our cus-
tomers and sales force. In addition
to expanding our applications de-
velopment services, Hans teaches
part-time and manages our experi-
ment laboratory. ¢
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stoves, engine parts, high-pressure
boilers, etc. The range of tempera-
ture that can be recorded is from
approximately 250 to 500°C (482 to
932°F). Electronic thermography
can be used on objects with tem-
peratures ranging from -40 °C to
more than 1500 °C (-40 °F to >
2730 °F). So if you wanted to see
heat loss from your house with in-
frared film, it would have to be on
fire!

A more detailed discussion of infra-
red and thermal photography can
be found in KODAK Publications No.
M-28, Applied Infrared Photography
and No. P-570, Thermal Recording
and Infrared Photography of Hot
Objects available from Eastman Ko-
dak, www.kodak.com/cluster/
global/en/service/education/
scienceFair/infraredPhotography.
shtml

I HAVE SEEN MOVIES WHERE THERMAL
IMAGING IS USED TO “'SEE THROUGH"”
WALLS. CAN THIS REALLY BE DONE?

“Infrared Thermography is the
technique for producing a
visible image of invisible (to
our eyes) infrared light emitted
by objects due to their thermal
condition.”

nfortunately this is pure Holly-

wood fiction. However there
are at least a couple of films with
real thermal infrared footage:
Predator and Predator 2. These
were made using a single detector
scanning system with a liquid nitro-
gen cooled detector. Today we use
room temperature focal plane ar-
rays.

How 1S THERMAL IMAGING DIFFER-
ENT FROM “"NIGHT VISION” GOG-
GLES?

N ight vision goggles amplify
small amounts of visible light
(and sometimes near infrared light)
thousands of times so objects can
be seen at night. These only work if
some light is present i.e. moonlight

or starlight. Thermal imaging works
by detecting the heat energy being
radiated by objects and requires
absolutely no light. One advantage
of thermography over night vision
technologies is that night vision
goggles can be easily blinded just

Visible light

by shining a flashlight at them.
Since thermal imagers only look at
the heat they are totally unaffected
by light sources.

WHERE CAN INFRARED THERMOGRA-
PHY BE USED?

I[ nfrared thermography is such a
valuable and versatile tool that
we cannot possibly list all the appli-
cations. New and innovative ways of
using the technology are being de-
veloped everyday.

Thermography can be applied in
any situation where a problem or
condition can display itself by
means of a thermal difference. For
many situations, this is quite easy
to apply; a thermal condition can be
seen because the process involves
release of thermal energy. An ex-
ample of this is inspecting the con-
dition of electrical distribution
equipment. When electrical current
passes through a conductor, a by-
product is heat. We can see that
heat with an infrared camera. When
there is a problem, usually more
heat is generated and the camera
can quickly pick it up.

Another example is the inspection
of concrete
bridges. As many
of us know, con-
crete can develop
delaminations,
which can lead to
potholes. When a
pothole develops,
it is quite easy to
detect; usually

Near infrared “NighI Vision”
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wheel “find” the hole and you end
up with an unpleasant repair bill.
Wouldn't it be great if we could find
these before they cause problems?
By cleverly using the sun’s energy
as a heating medium, and viewing
with an infrared camera; we find

that subsurface
¥ delaminations
have a differ-
ent heating ef-
fect than the
sound parts of
the deck struc-
ture, so the
camera can
see it. This ex-
ample shows that even though the
bridge deck doesn’t generate heat it
can still be analyzed with thermo-
graphy if we are clever.

Thermal infrared

Here is another example of an ap-
plication where we can use passive
heating or cooling. Recently devel-
oped composite aircraft materials
are extremely sturdy and light-
weight. These materials are vital to
aircraft performance and airworthi-
ness. However, the honeycomb
structure of this material presents a
potentially dangerous problem: wa-
ter ingress.

It has been discovered that certain
control surfaces tend to absorb wa-
ter in the honeycomb structure, for
reasons that are not fully under-
stood. The problem is aggravated
by the effects of lightning and hail,
which cause barely visible impact
damage. The water enters the hon-
eycomb and freezes when the air-
craft is at high altitude. As the ice
expands the cells in the structure
breakdown. This condition grows
like a cancer and eventually jeop-
ardizes the entire structural integ-
rity of the component.

Until recently, the only effective

your tire and

of aircraft




IssuE 8

TOP 10 QUESTIONS

(Continued from page 3)

method of diagnosing the problem
was through radiography. While this
is still the most accurate way, it has
several disadvantages; it is expen-
sive in time, equipment, and man-
power, and can expose mainte-
nance personnel to hazardous ioniz-
ing radiation.

VOLUME 1,

Thermography can be an indispen-
sable tool for inspecting planes for
this problem. After the plane has
landed, the ice remains at 0 C while
it is melting. The rest of the plane
has warmed to ambient tempera-
tures on the approach. This pro-
vides an ideal opportunity to search
for the ice pockets with a thermal
imaging system while the plane is
being serviced.

An entire aircraft can be surveyed
in 20 minutes with no downtime.
Images are recorded digitally for
later analysis at an image process-
ing workstation.

There are many more instances
when thermography can be utilized.
Here are a few:

BENEFITS OF INFRARED THERMOGRA-
PHY

¢ Virtually eliminate unscheduled
power outages

* Detect problems quickly, with-
out interrupting service

e Assess priorities for corrective
action

* Minimize preventative mainte-
nance and troubleshooting
time

*  Comply with insurance com-

HAVE YOU MISSED
NEWSLETTER?

ew Website Feature

If you are a new subscriber
or have misplaced a previous issue
of our newsletter, you can browse
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pany requirements

e Check for defective equipment
while still under manufacturer
warranty

Electrical Distribution Systems

e Power generation generator
inspections.

e  Substation Electrical inspec-
tions, transformers and ca-
pacitor evaluation,

e Over head urban and rural dis-
tribution electrical inspections

e Electrical motor inspections

Building Envelopes and Structures

e« Thermal heat loss inspections
for buildings, plants, facilities,
refineries.

* Moisture contamination
evaluations in buildings,
condo's, plants facilities

* Concrete integrity inspections

“Thermography can be applied
in any situation where a
problem or condition can
display itself by means of a
thermal difference.

e Concrete water heated floor
inspections for leaks and tem-
perature distribution

e Locate missing or damaged
insulation

e Identify air leakage energy
losses

* Evaluate the thermal perform-
ance of retrofits

¢ Locate radiant heating wires or
pipes

e Detect delaminations in con-
crete bridge deck

Roofing Systems

e Flat roof leak detection for

AN ISSUE OF THIS

or download past issues at our
website!

Just go to http://www.

infraredtraining.com/newsletter/
index.htme
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buildings, plants, facilities
e Identify water damaged por-
tions of a roof quickly and ac-
curately
¢ Eliminate unnecessary replace-
ment of good roofing
e Plan accurate budgets based
on facts
e Document problems before the
warranty/bond expires
Mechanical Systems
* Boilers
e Inspect burners for flame im-
pingement and burner man-
agement
e Look at combustion patterns
of fuel
* Detect thermal patterns on
boiler tubes and measure
tube skin temperature during
normal operation or when
boiler is on standby
e Scan and record tempera-
tures in areas of boiler not
monitored
e Scan the exterior of boiler for
refectory damage or locate
warmer areas where poten-
tial refectory damage may
occur
e Detect coke buildup in crude
furnaces
* Power Plant boiler flue gas
leak detection
e Mechanical bearing inspections
e Heat ventilation air condition-
ing equipment evaluation
¢ Cold Storage cooling losses.
e Detect insulation leaks in re-
frigeration equipment
Petrochemical Applications
e Refinery process line insulation
loss or leak detection
e Refinery process evaluation
* Heat exchanger Quality and
efficiency evaluation
¢ Furnace refractory (insulation)
inspections
e Furnace Internal flame evalua-
tion and tube inspections
* Flame propagation explosion
analysis.
Electronic Equipment
e Printed circuit board evaluation
and troubleshooting.

(Continued on page 5)
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e Thermal mapping of semicon-
ductor device services

e Circuit board component
evaluation

e Production-type inspection of
bonded structures

e Inspection of hybrid microcir-
cuits

» Inspection of solder joints

Environmental Applications

e Locate old waste disposal sites

* Locate old buried tanks on in-
dustrial sites

* Locate and monitor oil spills

Research and development appli-

cations

e Design proto typing evaluation

Automotive Applications

¢ Motor racing suspension and
tire contact diagnostics

e Brake and engine systems
evaluation for performance
and cooling efficiencies

* Finding faulty fuel injection
nozzles

Aerospace Applications

* Water ingress in airplane con-
trol surfaces and radomes

e Tire and brake system diagno-
sis

e Windshield and wing surface
deicing system diagnosis

e Stress crack and corrosion
identification and location

e Jet and rocket engine analysis

e Composite materials delamina-
tion and disbanding location

e Target signature analysis

Medical / Veterinary Applications

e Medical injury examinations
for whiplash, back injuries,
Carpal Tunnel syndrome

* Disease evaluation - breast
cancer, arthritis and many
more

* Dentistry, tempomandibular
jaw dysfunction and more

INFRARED TRAINING CENTER
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e Sports injuries evaluation, and
therapy progress

¢ Equine (horse) injury examina-
tion, stress fractures, lame-
ness

e Laser dosimetry determination

Airborne applications

* Pipeline inspection, leak detec-
tion, stress corrosion cracking
areas

* Environmental inspections,
pollution dumping, thermal
dumping of waste water

e Fire Mapping, hold over fires,
fire line and mop-up inspec-
tions

* High Voltage Aerial Electrical
inspections for transmission
lines

* Search and rescue

* Covert surveillance

Pulp and Paper

e Detect uneven heat distribu-
tion in Fourdrinier steam boxes

e Identify wet streaks, non-
uniformity, that can have ad-
verse effects on paper quality

» Identify basis weight variations

e Monitor size press perform-
ance

¢ Analyze dryer temperatures to
look for non-uniformity in dry-
ers

¢ Monitor coating to see that it is
being applied uniformly to sur-
face of the paper

¢ Analyze reel to find anomalies
that may be induced by pieces
of process equipment con-
nected to the paper machine

* Inspect chip piles for hot spots

Steam Turbine and Hydroelectric

Generators

e Locate inter-laminar faults in
stator cores

* Monitor the effectiveness of
repairs to the damaged areas

* Help maintain quality control

SUBMIT A STORY—EARN INFRABUCKS!

Any reader who submits a

story we publish will receive
$100 in InfraBucks. You can spend
InfraBucks on accessories like hats,

mugs, beanie babies, jackets, and
shirts. You can find a complete se-
lection of items at our on line store.
Just click on www.flir.com/store/
index.htm. &
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during a stator core repair

¢ Obtain a thermal image of the
stator core that serves as a
permanent record of the con-
dition of the stator core follow-
ing repairs

Miscellaneous Applications

* Detect RF heating in antennas,
wave guides, guy wires and
frame structures

e Locate low-intensity sleeper
fires on forest lands

e Locate lost people

¢ Remote sensing applications

Firefighting — Locate people in

burning buildings and navigate

through smoke

ARE THERE LINKS FOR IR THERMO-
GRAPHY ON THE WEB?

ou can find many links to in-

frared related subjects and
sites at our web site http://www.
infraredtraining.com/favlinks/
index.htm. Take a look!

How DO I LEARN MORE ABOUT
THERMOGRAPHY AND ITS APPLICA-
TIONS?

Come to an ite training course
and get hands on experience
with a thermal camera! ¢

You can contact Gary at Gary.
Orlove@infraredtraining.com—Editor

GOT A QUESTION?
POST IT ON OUR
MESSAGE BOARDS

Hl ave a question on an infra-
red topic? Our message

board page is the place to go to
ask and receive information. Pool
the knowledge of thousands of
thermographers to get the infor-
mation you want. Itc instructors
routinely monitor the boards to
help you get the answers you
need.

Find our boards by clicking the
Community tab on our web site, or
click on this link www.
infraredtraining.com/forums. ¢
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ite U.S.A., BOSTON

16 Esquire Road Rinkebyvagen 19

The Infrared Training Center offers training
N. Billerica, MA 01862, USA  SE-182 11 Danderyd, Sweden

and certification in all aspects of infrared
thermography use. Our world-class training
facilities are located near Boston, Massachu-
setts, USA and Stockholm, Sweden and have
E-mail: E-mail: the world's most extensive hands on labora-
info_us@infraredtraining.com info_international@infraredtraining.com tories for infrared applications. Please join us
in exploring the fascinating world of infrared!

Tel: +1.978.901-8405
Fax: +1.978.901-8832

Tel: +46 (0) 8 753 25 00
Fax: +46 (0) 8 753 26 01

Your comments and suggestions about this
newsletter are welcomed and encouraged. If
you have an interesting application or case
study to share, we encourage you to submit
it for publication.

"Hands On” Thermography Training,
Certification, and Support

We’re on the Web!

Please e-mail Gary.Orlove@infraredtraining.
WWW. com or snail mail to the USA office

infraredtraining.com
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Upcoming Classes - Sweden

Design: Gary Orlove

Upcoming Classes - USA

Remember that we also teach customer site Level | CM

training courses at your convenience. « Aug 7-11, Swedish (W32)
Please contact us for more information. « August 21-25 (W34)

« September 18-22 (W38)
October 9-13 (W41)
October 30-Nov 3 (W44)
November 27-Dec 1 (W48)
December 11-15 (W50)

550, 570, PM545, PM575, PM595, SC2000
cameras ONLY

All IR cameras

o o o o

Level | PdM
¢ August 7-11

¢ September 18-22
September 25-29
October 2-6*
October 16-20
October 30-Nov 3*
November 13-17
December 11-15

e e o o o o

Level Il PdM

¢ August 14-18
¢ October 9-13
« December 4-8

Level Il CM
* August 14-18, Swedish (W33)
* September 4-8 (W36)
* October 23-27, Swedish (W43)
* November 6-10 (W45)

Level Il R&D
¢ August 28-31 (W35)
* December 4-8 (W49)

Advanced Software Training
* November 23-24 (W 47)

DON'T BE LEFT
IN THE DARK.

With an Infrared Camera from

FLIR Systems, you can see &
solve problems before they shut

your plant down.

Level Il PdM

Upcoming Classes - Germany

® Rent direct from the manufacturer:
FLIR Systems- the world leader in infrared

¢ Nov 28-Dec 1
Level |

® Lowest rates and quick delivery
@ Get cash back If you declde to purchase

Level Il R&D
* November 6-8

Software Training
* November 9-10

Regional Courses

* August 22-25 (Chicago, IL) - Lvl |
Sept. 18-21 (Los Angeles, CA) - Lvl |
October 10-13 (Columbia, SC) - Lvl |
October 16-19 (Houston, TX) - Lvl |
Nov. 7-10 (Los Angeles, CA) Lvl |

o o o o

* September 18-22 (W38)
» October 23-28 (W43)

¢ November 20-25 (W47)
* December 11-16 (W50)

Level Il
* September 11-16 (W37)
* November 2-4 (W44)
* November 9-11 (W45)
¢ November 13-18 (W46)

Application Seminars
* September 27-29 (W39)
» October 18-20 (W42)
* November 29-Dec 1 (W48)

® Widest selection of technologies

and accessories

SELIR

978)'901-8206
978) 901-8363
www.flircom
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