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“Knowledge comes by eyes always open and working hands; 
and there is no knowledge that is not power.”

						            - Ralph Waldo Emerson 1803-1882

Foreword

To Our Valued Clients:
My goal is that this book will clarify a handful of the key points that are at the heart of most questions about 
infrared windows—their use and limitations.

The use of infrared (IR) inspection windows in industrial applications has grown exponentially over the 
past five years. Much of the recent acceptance has coincided with the increase in the level of awareness 
regarding electrical safety and risk reduction. Organizations such as OSHA, NFPA, CSA, IEEE, ANSI and NETA 
have been at the vanguard of this movement.

The use of IR windows to facilitate safer, more efficient inspection of energized electrical equipment has 
outpaced the infrared industry in general. Today, switchgear manufacturers regularly install IR windows at 
the point of manufacture. This, in turn, has generated additional impetus for firms to retrofit existing 
equipment.

As the use and application of IR windows continues to gain acceptance, the diversity of applications will 
continue to prompt an even wider range of questions. However, most relate to just a few core concepts. I 
present these tips and technical details not just as a manufacturer who understands the engineering and 
scientific issues pertaining to IR windows, I also bring my practical knowledge as a Level III thermographer 
with over 15 years of industry experience. It is my end-user perspective that makes IRISS unique in the 
industry and it is our focus on this perspective that is reflected in all our product designs and product 
development. Our company, our products and this guide are all based on practical, real world experience 
that has been honed with input from clients and staff and through countless hours of personally 
architecting successful IR window programs for companies around the globe.

I am proud that IRISS is making thermography safer and more accurate. By their very nature, IRISS products 
are simply “Safer by Design”.

Martin Robinson
CEO
IRISS, Group

http://bit.ly/107Y9XF
http://bit.ly/171udRV
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Chapter 1

What is an Infrared Inspection Window?

Definition:
A window is used to separate environments of differing pressures or temperatures, while allowing 
energy at a specified electromagnetic wavelength to pass between the two environments.

An infrared window, also referred to as a viewport, viewing pane or sightglass is a generic term used to 
describe an inspection point that is designed to allow infrared radiation to transmit to the outside 
environment. Simply put, an infrared (IR) window is a data collection point for a thermal camera. All IR 
windows must fulfill the strength, rigidity and environmental requirements of the type of equipment into 
which they are installed. They must also be compatible with the infrared equipment being used.

An alternative to IR windows are ports or grills which are simply a housing with an open center and a cover 
that secures the opening. Typically, the housing will contain an optic. The design, size, and material used are 
driven by considerations such as the required field-of-view, camera lens compatibility, intended 
environment, sealing requirements, and safety considerations.

Infrared Window Classification:
Let’s explore the specific types of infrared windows:

Viewing Panes
A viewing pane is an IR window that has a lens 
secured in the housing. Because the lens forms a seal 
between the internal/external environments, the 
thermographer is not directly exposed to energized 
components (as per NFPA 70E/CSA Z462 definitions 
of “enclosed” and “guarded”). This usually means that 
elevated levels of Personal Protective Equipment (PPE) 
are not required.

Inspection Grills
An inspection grill is an infrared window 
containing a grill or “mesh” in place of a solid optic. 
Grills are primarily used in mechanical applications for 
machinery guards, or in instances where 
operators wish to complete infrared and ultrasound 
inspections from the same access point. As the name 
implies, when opened, a grill does not 
maintain an IP65/NEMA 4 seal; instead, it is a 
collection of small openings intended to keep fingers 
and tools from breaking the plane of the cabinet. It is 
important to understand that a grill will not maintain 
an enclosed state for electrical equipment since it 
allows the environment of the energized components to change. Therefore, they would not maintain an 
“enclosed” condition per NFPA 70E/CSA Z462, and as such, elevated PPE levels are required per NFPA 70E/ 
CSA Z462 mandates.

Figure 2

Figure 1
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Inspection Ports
Infrared inspection ports are usually no 
more than 15mm in diameter (IP2X). 
Ports can contain either specialty lenses 
or adaptors. They can be open (as with 
grills) or sealed with a lens (as with 
viewing panes). It is essential that the 
thermographer understand whether the 
port is open or sealed - this will 
determine whether the electrical 
equipment is in an “enclosed” and 
“guarded” condition, which will dictate 
PPE requirements.

Custom Solutions
Certain applications may require a 
custom solution: perhaps metal cladding 
obstructs access to bus joints, or maybe 
multiple connections are positioned just 
behind a dead-front panel of a PDU or MCC. In these cases, standard IR windows may be impractical - or cost 
prohibitive. Depending on the requirement, it is possible to design custom windows to allow inspection of 
applications that may have been previously “un-inspectable” due to high incident energy levels.  
Note: decisions regarding custom solutions should always involve corporate safety officials.

Environmental Ratings
Ingress protection and environmental integrity standards rate the suitability of a component to resist a wet 
or dusty environment. The two primary ingress protection standards that apply to electrical components 
are Ingress Protection (IP) and National Electrical Manufacturers Association (NEMA) standards. (Ingress 
protection standards are discussed in greater depth in Chapter 7.)

When installing an IR window, it is standard practice to ensure that the IP/NEMA rating of the window is 
equal to, or greater than, that of the enclosure.

Summary
1.	�“Infrared window” is a generic term - there are actually several different categories of infrared 

windows available, all filling a different need.
2.	�When installed on energized electrical equipment, a window should maintain an “enclosed” and 

“guarded” condition for the cabinet enclosure. Opening the window should not mix the outside 
and inside environments, thereby negating the “enclosed” state.

3.	�PPE requirements may differ dramatically depending upon the type of infrared window system 
used.

4.	�Always seek and document appropriate approvals for any custom modifications.
5.	�Be aware of the environmental ratings on the switchgear. Never install an infrared window with a 

rating lower than that of the original enclosure.

http://bit.ly/18281aS
http://bit.ly/1827N3l
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Chapter 2

Infrared Window Lens Materials

There are numerous types of lens materials that can be used in infrared (IR) windows. The specific choice 
is usually driven by the application, environment, wavelength, and cost considerations. For example, a 
mid-wave R&D application with high ambient temperature requirements may use materials that would be 
unsuitable for long wave condition monitoring of industrial applications.

Chart 1 details a partial list of possible materials, but not all are suitable for use as an IR window lens.

What is the best Material for an Infrared Window?
Germanium and Zinc Selenide are among the best broadband infrared transmitters available. Sapphire is a 
great transmitter in the mid-wave (MWIR) spectrum sometimes referred to as “short wave”. It is 
incredibly durable - yet is non-transmissive in the long wave (LWIR). Ultimately there is no easy answer to 
this question because it quite simply depends on the application. In the end, thermographers must give 
serious consideration to the IR windows intended use and operating environment - installing windows 
that are not compatible with the intended environment could prove to be a costly exercise should they fail 
mechanically or functionally.

Does durability matter?
Mechanical stresses can fracture most crystal optics or degrade the crystalline structure, increasing 
refraction and decreasing transmittance. The stresses can take the form of jarring drops, exposure to high 
frequency noise or harmonics, or even exposure to environmental vibration. Incompatibility with 
mechanical stress is one big reason why most crystals are not considered suitable for industrial applications 
and uncontrolled environments.

Will the windows be handled by scientists who will treat the optics like fragile lenses? Or will they be 
attached to electric panels that will be removed periodically and placed on cement floors during “house 
cleaning” shutdowns?

Chart 1: Materials used in IR industry

http://bit.ly/14PVhjx
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What are the environmental factors?
All materials have an Achilles’ heel. Polymers would not be the answer in a kiln application. Likewise, many 
crystals, such as the Fluoride family, are water soluble (also called “hygroscopic”) even when coated. Because 
they cannot maintain a stable transmission rate when exposed to humidity or moisture, these crystals are 
not suited for use in most industrial applications. Carefully consider the operating environment before 
choosing an infrared window lens material.

Will the windows be used in a controlled laboratory environment, or will they be installed in a factory 
setting or an outdoor substation?

Suitability of Crystal Optics
Traditionally, Fluoride crystals (Calcium Fluoride: CaF2) and (Barium Fluoride: BaF2) were the most 
commonly used infrared window optic materials. However, when BaF2 was classified as a carcinogen, CaF2 
became the primary option.

As shown in Table 1, both BaF2 and CaF2 are hygroscopic. 
It has long been a standard practice to prolong the life of 
these materials by coating them in an effort to slow the 
inevitable deterioration due to moisture absorption. 
Though the coating does slow the degradation of the 
crystal, there is no coating that can completely seal the 
entire crystal. The deterioration is further hastened as 
thermographers brush their lens casings against the 
coating thereby exposing the crystal surface. The greater 
the exposure to humidity and moisture, the quicker the 
crystal’s transmission deterioration. Transmission stability is 
explored in greater depth in Chapter 3.

All crystal window manufacturers determine the minimum 
thickness requirement for a given window diameter by 
calculating its “modulus of rupture”. The mathematical 
relationship is expressed in Figure 1.

Table 1: Common materials used in IR window manufacturing

Figure 1

Modulus of Rupture

Whereas:
 Th = thickness, inches
 DIA = unsupported diameter, inches
 P = 
 MR = modulus of rupture, psi

 Pressure at 1 atm = 14.7 psi
  = 101.324 kPa

                      
Th = 1.04880884817

                      MR
P x DIA

Material Chemical Symbol
or Formula

Wavelength Reflection 
(Two Surfaces)

Knoop 
Hardness

Soluble 
in H20

Calcium Fluoride CaF2 0.13 - 10 5% 158 Yes
Sapphire Al203 0.15 - 5.5 14% 2000 No

IR Polymer N/A 0.1 -22 21% N/A No
Germanium Ge 1.8 - 23 53% 780 No

Zinc Selenide ZnSe 0.5 - 22 29% 120 No
Barium Fluoride BaF2 0.15 - 12.5 7% 82 Yes
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However, you don’t need a formula to understand the 
concept. If you have ever broken a stick over your knee, you 
know it is much easier to break a longer stick than it is to 
break a smaller piece of the same stick. The same is true of 
crystals - the bigger the crystal the more fragile it becomes, 
unless the thickness of the crystal is increased. However, 
be aware that increasing the thickness of the materials will 
decrease the transmittance of that material and will affect 
temperature readings. 

The graph below traces the minimum thickness required for 
a CaF2 crystal to resist a given pressure level.

As Chart 2 illustrates, if CaF2  is capable of resisting 14.7 psi (1 atmosphere) of pressure, the minimum 
thickness required for a two-inch diameter crystal is 2.8 mm; a three-inch diameter crystal should be 4.2 
mm thick; and a four-inch diameter crystal should be 5.6 mm thick. It is worth noting here that Arc Resistant 
Switchgear is typically set so that plenum vents open at just 25 psi to redirect the blast forces away from 
panels where personnel would be interacting with the equipment. At 25 psi (the minimum force which a 
crystal window optic would experience during an arc incident), the two-inch crystal would have to be 3.7 
mm thick; a three-inch crystal would have to be at least 5.5 mm thick; and a four-inch crystal would require a 
minimum thickness of 7.3 mm to maintain its integrity. Thinner CaF2 would shatter. 
Unfortunately, no crystal IR windows are even close to that thickness. Therefore, any claims that a crystal 
window assembly will resist the effects of an arc apply only to the integrity of the window housing with the 
cover closed, and do not apply to the integrity of the fragile crystal.

Chart 2: Modulus of Rupture calculations for Calcium Fluoride at various diameters

Figure 2
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Polymeric Lens Materials
The past several years have seen a move toward the use of transmissive polymers as a lens material due to 
their inherent resiliency and stability. These materials are unaffected by mechanical stress and will suffer 
no long term effects on transmittance. They are stable, nonreactive to moisture, humidity, seawater, and 
a broad spectrum of acids and alkalis. In short, they are well suited to handle the rigors of the industrial 
environment.

Polymers are also extremely resilient. Because they are malleable, they will tend to absorb impact rather 
than shatter. When reinforced with specially engineered grills, the optic is capable of resisting a sustained 
load. As a result, the only long wave compatible IR window optic capable of passing industry standard 
impact tests (as will be explored in Chapter 7) is a reinforced polymer optic.

A reinforced polymer optic can maintain a consistent thickness regardless of window diameter because the 
cells of the reinforcing material remain a consistent diameter. Consistent optic thickness means consistent 
transmission rate — regardless of window size.

Additionally, there is a transparent polymer optic available allowing inspections in ultraviolet, visual, short/ 
mid/ long wave infrared spectrums.

The only applications ill suited to polymer optics are those in which the ambient temperature is expected to 
exceed 200°C (392°F). Even so, like all other polymeric materials used on switchgear, polymer windows must 
meet the same stringent flammability and impact tests as prescribed by UL94. The classifications within 
UL94 take into consideration:
       • Size and thickness of the part
       • Distance from un-insulated, live parts
       • Hot wire ignition
       • High current arc ignition
       • High voltage arc tracking rate

Summary
1.	�Different materials may react differently to moisture, humidity, chemicals, and mechanical stresses.
2.	�Thermographers must fully consider the environmental factors and operating conditions to obtain 

accurate readings.
3.	IR window optics come in a wide variety of transmission rates.
4.	IR window optics come in a wide range of mechanical strengths.
5.	�An IR window should be functional for the life of the panel to which it is affixed. Be sure that 
	 warranties apply not only to the workmanship of the window housing, but also apply to the 		
	 durability and stability of the optic in the proposed environment. For example, IRISS, Inc. offers an 	
	 Unconditional Lifetime Warranty for all its industrial-grade windows.
6.	�Seek advice from IR window manufacturers or lens suppliers before deciding what materials best 

suit an application.
7.	�Consider working with a supplier that can provide IR windows made of a variety of materials, 

rather than a “one size fits all” vendor. With an array of windows optics to choose from, it is more 
likely that any peculiarities in a given application can be addressed with the most appropriate 

	 solution.

http://bit.ly/1827N3l
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Chapter 3

The Importance of Emissivity in Electrical Thermography

A typical factory is full of equipment that requires periodic infrared (IR) inspection. The challenge, as any 
thermographer knows, is getting an accurate indication of equipment health. Properly compensating for 
the various emissivity values of all the components one encounters on the factory floor is possibly the 
most critical factor in performing accurate and meaningful inspections. Even slight errors in emissivity 
compensation can lead to significant errors in temperature and ΔT (difference in temperature) calculations. 
Electrical cabinets are a good example, as they may contain materials with emissivity values ranging from 
0.07 to 0.95.

The Science of Infrared Thermography
The electromagnetic spectrum is a continuum made up of cosmic rays, gamma rays, X-rays, ultraviolet 
light, visible light, infrared radiation, microwaves and radio waves (in order of increasing wavelength and 
decreasing power). Infrared is that portion of the spectrum between 0.75µm (microns) and 1000µm in 
wavelength, starting just beyond what the human eye is capable of seeing.

All objects above absolute zero emit infrared radiation. As an object heats up, the intensity of emitted 
radiation increases exponentially (Stephan-Boltzmann’s Law) and the peak radiation shifts to shorter and 
shorter wavelengths (Planck’s Law), moving eventually into the visible spectrum. This is why a hot burner 
will glow red (“incandescent”) after it achieves roughly 500°C (923°F).

Today’s radiometric IR imagers are capable of “seeing” and calculating the emitted radiation from a target 
object. There are only three sources of this radiation: it can be reflected from other sources; it can be 
transmitted through the object from a source behind it; or the radiation can be emitted by the object.

Excitant Radiation Law
An extension of Excitant Radiation Law tells us that the sum of the radiation leaving the surface of an object 
equals one: expressed as Watts Emitted + Watts Transmitted + Watts Reflected = 1 (or ԑ+Ʈ+ p=1).

Figure 1
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Therefore, emitted energy, reflected energy and transmitted energy are the only three possible sources of 
infrared energy coming from a target object. An illustration of Kirchhoff’s Law is shown in Figure 2.

A perfect emitter is referred to as a blackbody. A blackbody emits 100% of the energy it absorbs. Since by 
definition there is no reflection or transmission, a blackbody has an emissivity value of 1. For real-world 
objects, emissivity is expressed as the ratio of the radiant energy emitted by that object, divided by the 
energy that a blackbody would emit at that same temperature. The images in Figures 3 and 4 clearly 
illustrate the difference between actual and apparent temperature. It is the same frying pan; one side is 
aluminum and the other is Teflon-coated. The Teflon coating has a much higher emissivity value and 
therefore appears warmer as illustrated in Figure 3.

Figure 3 Figure 4

Figure 2

Which one is the Teflon side?
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The graph in Chart 1 shows how 
calculated temperatures can be 
adversely affected when the imager’s 
emissivity value is set too high. In this 
example, the emissivity of the target 
is 0.50; the graph shows the apparent 
temperature when the imager’s 
emissivity setting is stepped down 
from 1.0 to 0.50. When emissivity is 
properly compensated for, the 
actual temperature is shown to be 
12.2° higher. 

Magnitude of Error
One of the most misunderstood 
concepts in thermography is the 
degree to which errors in emissivity 
settings and errors in window 

transmissivity compensation will affect temperature and ΔT (difference in temperature) accuracy. As 
demonstrated by the Stefan-Boltzmann Law (Figure 5), the radiated infrared energy emitted by a target 
surface is exponentially related to the absolute temperature of that surface.

Therefore, as the temperature increases, radiant 
energy increases proportionally by the absolute 
temperature to the 4th power. Incorrect camera 
settings such as emissivity and infrared window 
transmission rates will result in errant temperature 
values. Furthermore, because the relationship is 
exponential, this error will worsen as the component 
increases in temperature. Consider the effect on ΔT 
comparisons, which are by their nature a comparison 
between different temperatures. The resulting 
calculations are apt to be radically understated, 
which could easily lead thermographers to 
misdiagnose the severity of a fault.

Emissivity Standardization
For some components, it can be difficult to determine the correct emissivity value. In the case of a highly 
polished component like a bus bar, the actual emissivity may be so low as to make non-contact or IR 
temperature measurement impractical. It is strongly recommended that thermographers understand the 
surface of the primary targets. Once identified, those surfaces should be treated with a high-emissivity 
covering so that all targets have a standardized emissivity. Thermographers can apply electrical tape, 
high-temperature paint (such as grill paint), or high-emissivity labels (like the IR-ID labels from IRISS). 
When all targets have a standard emittance, reflection issues are minimized and measurement errors from 
reflected ambient energy are greatly reduced. High-emittance targets of varying shapes can also provide a 
useful point-of-reference both for the thermographer and the technician making repairs.

Chart 1

Figure 5

http://bit.ly/17EjJau
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The image in Figure 6, a thermogram of the interior of a piece of switchgear, appears to show a wide 
variation in temperature. Can you identify some faults? In reality, this switchgear is new and has never been 
energized. The differences in shading in the thermogram are all due to reflection issues. The digital photo 
(Figure 7) shows that the thermographer has placed a piece of electrical tape around one area of the bus 
bar. The tape in the thermogram shows the true temperature of the normally reflective bus. The moral of the 
story: A picture might be worth a thousand words, but a thermogram is not worth the paper it’s printed on 
unless emissivity is standardized or known.

Summary
1.	�Emissivity is one of the most important variables a thermographer must understand.
2.	�Whenever possible, determine the emissivity of your target and compensate for it using the 
	 emissivity setting on the camera.
3.	�Incorrect emissivity settings can have a significant impact on the accuracy of non contact 
	 temperature measurements.
4.	�Using an emissivity value that is higher than the actual emissivity of the target will result in 

electrical faults appearing cooler than they actually are.
5.	�Emissivity errors are not linear, but are exponential in nature (Stephan-Boltzmann’s Law). The 

exponential nature of the error also means that ΔT values (differences in temperature) can be 
greatly affected by the errors as well.

6.	�When installing IR windows it is important to standardize the emissivity of the targets while the 
gear is open and de-energized.

7.	�Common treatments for target surfaces are: grill paint, electrical tape and IRISS IR-ID labels.

Figure 6 Figure 7

http://bit.ly/10gYvjf
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Chapter 4

Know Your Infrared Window Transmittance

Maintenance professionals can use infrared (IR) cameras to take both qualitative (image only) and 
quantitative (temperature measurement) images. To ensure that quantitative images are accurate, 
it is important to understand what other variables in the external environment can lead to possible 
measurement errors.

In addition to reflection and emissivity, distance, humidity and camera angle can all play an important role 
in accurate temperature measurement. But when thermographers use IR windows, improper window 
transmission compensation can significantly affect apparent temperature and apparent ΔT calculations.

Infrared inspection windows have become an industry standard way to facilitate infrared electrical 
inspections while increasing both the safety and the efficiency of the inspection process. While window 
optics can be made of a variety of different materials, they generally fall into one of two categories: crystal 
or polymer. It is important for the thermographer to know the transmission rate of the window being used. 
However, some crystal windows that look similar might actually be made from different materials, causing 
the transmission rates of two apparently similar windows to be very different. Even the same crystal material 
from the same manufacturer may be cut to different thicknesses. This difference will cause the thicker crystal 
to have a lower transmission rate than a thinner lens of the same material. These potential sources 
of variation underscore the importance of understanding the characteristics of the inspection window 
being used.

The graph in Chart 1 below demonstrates the degree to which transmission rates of different materials will 
change across the IR spectrum. Note that some materials will be unsuitable for use with a LW camera as is 
the case with sapphire (Al2O3). Other materials, such as Zinc Selenide (ZnSe) are well suited for use with both 
MW and LW.

Chart 1
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For accurate temperature calculations, it is irrelevant whether the window’s transmissivity coefficient is 90% 
or 50%... or something in between. What is important is that the thermographer knows the exact 
transmission rate. Then when the thermographer enters the correct coefficient into the camera or software, 
the final temperature calculation will be accurate and reliable. If, however, the thermographer is not aware 
of the actual transmission rate, or does not adjust for it, the errors can be significant.

Kirchhoff’s Law and Infrared Windows
As discussed in Chapter 3, Kirchhoff’s Law shows us that the total infrared radiation a camera receives is 
actually composed of the total emitted, reflected and transmitted radiation from an object. With this in 
mind, the ideal window would therefore be one that allows 100% transmission, therefore zero loss to 
emittance and reflection. To maximize transmittance, manufacturers carefully select optic materials and 
window coatings for their performance in general wavebands. Unfortunately, as Chart 1 depicts, with the 
materials presently available, 99% is the highest transmission rate available (coated ZnSe in the LW portion 
of the spectrum).

The graph in Chart 2 shows how calculated temperatures can be adversely affected when a thermographer 
improperly compensates for transmission. In this example, the transmission rate of the IR window is 0.50. 
The graph shows the apparent temperature when the imager settings are stepped down from 1.0 to 0.50. 
When transmission is properly compensated for, the actual temperature is shown to be 11.8° higher: very 
similar to the effects of emissivity compensation discussed in Chapter 3.

Chart 2

http://bit.ly/17EHjnl
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All window optics will “attenuate” or reduce the 
amount of infrared radiation that ultimately reaches 
the imager. Our research shows that for calcium 
fluoride windows the attenuation reduces the 
temperature about 5% for every millimeter of 
window thickness (temperatures in the range of 
60°-120°C). In addition, tilting the camera angle 30° 
to either side of 90° (perpendicular) reduces the 
temperature by an additional 2-3%.

Compensating for Transmission
A simple way to check transmission rate, is the 
“Simplified Transmittance Test.”  After determining 
the proper transmission rate of a window, make a 
note of that value and adjust the camera’s 
transmission rate (or emissivity setting) accordingly 
each time that window is used for an inspection.

The majority of infrared cameras do not have the 
ability to compensate for transmission losses from 
an IR window directly, but almost all software 
packages do. To make a quick adjustment in the 
field, simply multiply the transmission coefficient by 
the target emittance to arrive at a “corrected 
emissivity value,” and adjust the camera’s 
emissivity setting to this value. For example, an IR 
window with a 0.55 transmittance rate and a target 
with an emissivity of 0.97 (electrical tape) would 
require a camera emissivity setting of 0.53 (0.97 x 
0.55 = 0.53) to properly compensate for both 
transmission and emissivity.

Degradation
Once the transmissivity coefficient has been 
properly determined for an application, it is 
important to realize that coefficients of some 
materials can change over time. Crystals, in particular, 
are susceptible to mechanical stress from high 
frequency noise and vibration. Some crystals, such as 
those in the Fluoride family are also hygroscopic; 
meaning that they will absorb moisture, humidity or 
industrial solvents despite the fact that they are 
coated with materials to slow the inevitable 
degradation process. These mechanical stresses and 
absorption characteristics of crystals will degrade a 
crystal window’s transmission rate over time.

A recent paper on the topic of transmission degradation, 
“Transmission Stability and Infrared Windows” illustrates how this degradation can affect measurement 
accuracy. The research compared a Calcium Fluoride infrared window to a polymer-based window. Both 
windows were shown to have a 50% transmission rate when new. After just two years in a non-aggressive 
environment, the transmission rate of the calcium fluoride window had dropped significantly.

The “Simplified 
Transmittance Test”

Equipment Required
• Calibrated infrared camera with inputs 	    	
  for Reflected Temperature and Emittance  	
  values.
• Blackbody simulator with an Emittance  	
  of ≥ 0.95 heated to at least 10ºC (18ºF)  	   	
  above ambient temperature.  An effective    	
  blackbody simulator may be constructed  	
  of a cotainer such as a straight-sided coffee 	
  mug that has been covered with PVC 
  electrical tape and filled with hot water.
• IR window that is semitransparent in the 	
  waveband of the infrared camera. 

Method
1. Place infrared camera at an appropriate       	
    distance from blackbody simulator. 
2. Aim and focus camera on blackbody 		
    simulator. Place crosshair on center of 	      	
    blackbody simulator. 
3. Set camera’s ε control to 1.0 
4. Measure and compensate for Reflected 	
     Temperature. 
5. Measure and note apparent temperature 	
    of blackbody simulator. 
6. Place window directly in front of, and in 	
    contact with camera’s lens. Note: Window 	
    optic must be larger than camera lens.
7. Without moving camera, adjust ε control 	
    until observed temperature matches    	
    value obtained in Step 5 above. 
    The displayed ε value is the                   	
    Transmittance percentage for this             	
    window with the subject camera.   	        	
    For greater accuracy, repeat above a                                     	
    minimum of three times and average 	    	
    results. 

Adapted with permission from Infraspection
 Institute’s Standard for Measuring and 
Compensating for  Transmittance of an Attenuating 
Medium Using Infrared Imaging Radiometers.
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For the test, an overhead clamp was heated to a stable temperature. The target was a bolt head that was 
covered with a piece of electrical tape with an emissivity value of 0.95. Figure 1 shows the target viewed 
without an infrared window. The temperature was shown to be 115.8°F. In preparation for viewing through 
the infrared windows, the transmission rate was adjusted to 50% in accordance with the rate defined two 
years prior (as discussed above). When the polymer window was placed in front of the camera (see Figure 
2), the registered temperature was 115.9°F. When the target was viewed through a Calcium Fluoride crystal 
window the apparent temperature of the 115.8°F target registered just 82.4°F (as seen in Figure 3) due to the 
degradation in the crystal’s transmission rate. The result of this study clearly underscores the importance of 
compensating for the actual transmission rate of the IR window optic. 

Calculating Window Transmittance
The “Simplified Transmittance Test,” or some similar form of verification, should be performed prior to 
installation - and again prior to any important measurement or inspection if using an optic that is known 
to degrade over time. Furthermore, because each crystal is unique, transmittance must be tested for each 
crystal since each one will have a slightly different transmittance rate when new. 

However, if using an engineered polymer, testing a single window when it is new should be sufficient since 
all windows will be virtually identical in transmittance and since the material will not degrade over time.

Maintaining IR windows
During maintenance shutdowns, one should check gaskets and screws for seal integrity, and windows 
should be thoroughly cleaned with a compatible cleaning agent. If using crystal IR windows, this is also a 
great time to check transmittance. 

Figure 1 Figure 3Figure 2

Summary
1.	�Know the characteristics of the infrared window optic as it pertains to the wavelength of your 

camera (MW versus LW).
2.	Test the IR window transmittance and document the result.
3.	Compensate for the transmission attenuation for accurate temperature calculations.
4.	�Re-test each window’s transmission rate if the material is known to degrade over time (as with 

most crystal optics).
5.	Include the windows in the general maintenance of the equipment to which it is attached.

http://bit.ly/16Dteu9
http://www.iriss.com/request_info.html
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Chapter 5

Field of View (FOV) Through an Infrared Window

The two questions most often asked by maintenance professionals getting ready to install infrared (IR) 
inspection windows on electrical equipment are:  “How many windows will I require per panel?” and “What 
diameter window is best?” The answer depends on three considerations:  the outside diameter of the 
infrared camera lens, infrared camera field of view, and window field of view.

Infrared Camera Lens Diameter
In order to accurately measure temperature, an infrared camera’s lens must have full view of the objects 
being measured.  Partially obstructing a lens during imaging will introduce measurement errors for which 
there is no compensation.  Therefore, the first consideration in selecting windows is to ensure that the 
window’s IR optic is larger than the outside diameter of the infrared camera lens that will be used.

Infrared Camera Field of View
Most infrared cameras are supplied with lenses that describe viewing angle in terms of degrees.  With this 
information it is possible to determine a camera’s field of view for any given distance. The formula for this 
calculation is:

  Field of View = {(tangent 1/2 viewing angle) x distance} x 2

  To apply the above formula, follow these steps:

       1. Determine your imager’s Field of View (in degrees) from the manufacturer’s specs.
       2. Divide the value from Step 1 by 2
       3. Use scientific calculator to determine tangent of number obtained in Step 2
       4. Multiply number in Step 3 by distance from imager lens to object.
       5. Multiply number in obtained in Step 4 by 2. This will be the width of the imager’s field of view at the 
            specified distance.

If your imager specifies different Field of View values for horizontal and vertical, it will be necessary to 
calculate each value separately. Calculated values should be used for estimation purposes as actual values   	
may vary slightly. 

Window Field of View (WFOV)
Typically, IR cameras equipped with a standard lens will have an FOV of approximately 24° horizontal and 
20° vertical.  It should be noted that changing lenses will change an infrared camera’s field of view. 
Switching to a wide angle lens will typically double or triple a camera’s field of view.  Using the 
aforementioned specifications, a camera outfitted with a double wide lens would have an FOV of 48° 
horizontal and 40° vertical.  Since a wide angle lens may not always be available, it is advisable to calculate 
camera FOV based upon a standard lens.  

It should be noted that mathematically calculating imager field of view assumes that the FOV begins at the 
panel cover and extends a distance (D) from the panel cover to the targeted components.  Width (W) is 
calculated by multiplying the distance (D) by the tangent of half the lens angle, then doubling the result.  
This calculation assumes that FOV starts at a single point or vertex of the viewing angle; it does not take 
window optic size into account.  For infrared windows with large viewing panes such as IRISS’s CAP series, 
the overall window field of view is increased by the width of the viewing pane.

To calculate the WFOV for different window sizes, simply subtract the camera lens diameter from the 
imager’s calculated FOV and then add the diameter or width of the IR window’s optic that you intend to use.  
The total is the WFOV, at the specified distance. 
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	 Example:
	 Camera FOV with 24° degree lens at 18 inches calculated using the above formula = 7.65 inches.
	 The camera lens diameter = 1.65 inches, therefore, the FOV of the camera = 6 inches.
		  • Using a 2 inch IR window would give an approximate WFOV of 8 inches
		  • Using a 3 inch IR window would give an approximate WFOV of 9 inches
		  • Using a 4 inch IR window would give an approximate WFOV of 10 inches
		  • Using a 34 inch IR window would give an approximate WFOV of 40 inches

It should be noted that the above fields of view are for perpendicular imaging.  As discussed below, angling 
one’s infrared camera can increase viewing area significantly.

The illustration in Figure 1 shows the area inside a cabinet that can be viewed through an IR window using a 
camera with a 28° lens.  A typical switchgear compartment is 20 inches deep, therefore:

W = 2D x (tangent of 14°)
W = 2 x 20 x 0.25 = 10 inches

The calculations in Figure 2 indicate that with a 28° FOV lens, a thermographer can view 10 inches 
horizontally inside the panel.  However, this calculation assumes the thermographer holds the camera fixed 
and perpendicular to the window plane.  More likely, the thermographer will vary the viewing angle up to 
30° from perpendicular in all directions.  This effectively increases the FOV area by a factor of three.

Camera Angled for 2X standard FOV

W = (2*20) x 0.25 x 2

W = 20 inches

Camera Angled for 3X standard FOV

W = (2*20) x 0.25 x 3

W = 30 inches

Figure 2: Standard FOV calculation
(varying the viewing angle)

Figure 1: Standard FOV calculation
with fixed viewing angle

http://bit.ly/1alxHmM
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Rule of Thumb
Based on numerous field tests for window FOV with a wide variety of cameras, most cameras have 
generated a horizontal WFOV of roughly two to three times (2X to 3X) the distance to the target; and a 
vertical WFOV of roughly 1.5X to 2X the distance to the target.  This is based on cameras with a standard 24° 
or similar lens, using a maximum angle of incidence of 30°.

Therefore, based on this rule of thumb, a window located 20 inches (51cm) from the intended targets would 
allow the thermographer to gather data from points that were separated by 40 to 60 inches (1m to 1.5m) 
side-to-side and separated by 30 to 40 inches (0.75m to 1m) top-to-bottom.

Note that it is impractical to use a multiplier in excess of 3X due to the difficulty matching the thermal image 
to locations within the panel.  Obstructions in the panel may also make it impractical.  As previously 
mentioned, viewing at too steep an angle can begin to affect other variables such as emissivity.  Therefore, 
IRISS, Inc. recommends a maximum of 3X as a “rule of thumb” multiplier.  

Summary
1.	��To help ensure measurement accuracy, an IR window’s optic must be larger than the outside 
	 diameter of the IR camera’s lens.
2.	Every infrared camera has a Field of View (FOV) defined in degrees across a horizontal/vertical axis.  	
	 Note that FOV will vary depending on the lens used.
3.	Windows Field of View (WFOV):  The largest area that can be viewed through an infrared window 	
	 allowing for a maximum angle of incidence of 30° off perpendicular.
5.	�Rule of thumb for WFOV using a standard camera and lens is roughly 2 to 3 times the distance from 

the window to the target.
6.	Obstructions, such as phase dividers or cables, inside the cabinet may decrease actual field of view.

http://bit.ly/1al2csS
http://www.iriss.com/request_info.html
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Chapter 6

Proper Installation of Infrared Windows

Proper installation of the infrared window is critical for the long-term use of the window and performance 
of the panel and equipment enclosure. Although an infrared window is not as strong as the steel it replaces, 
installing an IR window is no different than many other modifications that are commonly performed on 
switchgear and other electrical enclosures. Therefore, if a company has a policy for modifications such as: 
replacing or adding an ammeter or similar device, installing a visual inspection pane or modifying a cabinet 
to add a new conduit run, then it is logical to include infrared windows under the same policies. For 
example, one would want to refer to any existing policies relating to: pre-planning, design/installation 
approval, installation best practices and post-installation inspection by an in-house or external authority.

Do Not Pass “Go”
Confirm the following prior to planning any modifications to an electrical equipment enclosure:
      • ��Ingress Protection: Ensure that the NEMA or IP rating of the IR window or other component is rated for 

at least the same level of protection that the current enclosure is rated for. Never install an infrared 
        window or any other component with a lower rating than the equipment onto which it is being 
        installed.
      • �Tests and Certifications: Ensure that the IR windows have been tested and approved by the relevant 

certification bodies. Official test certificates and documentation should be easily obtained from the 
manufacturer.

      • �Explosion Ratings (if applicable): Enclosures located in intrinsically safe areas should be modified in the 
field unless designs have been cleared with, and post installation inspection and re-certification will be 
performed by an Authority Having Jurisdiction prior to start-up.

Identify All Targets
Start the process by identifying specific targets on each piece of equipment. In addition to fuses and 
breakers, most infrared surveys focus on bolted connections within the gear, as these areas are considered 
the weakest points. These areas include:
      • Cable connections
      • Bus bar connections
      • Isolator or circuit breaker connections

Make a quick inspection of the interior of the switchgear to identify these targets. Once identified, make 
every effort to standardize their emissivity while equipment is de-energized. Common methods include 
use of electrical tape, high-temperature paint or IRISS IR-ID labels. After emissivity standardization is 
complete, it is important to photograph each target since these photos will be used for report templates 
and future reference.

On many switchgear models, it is advisable to install viewing windows in the front and back for better access 
to the main breaker and bus connections. Ask the manufacturer for drawings and suggestions regarding the 
critical inspection locations for your equipment. This information, along with the experience and knowledge 
of the site maintenance engineer, will prove useful when calculating window placements and quantities.

http://bit.ly/ZcsmHT
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Installation
Before picking up that drill, it is imperative to consider the following to ensure a successful, safe and 
useful installation:
��Internal Obstacles 
Seek the permission from the local safety manager before removing internal Lexan TM (Perspex) covers. 
In some cases, you may not be able to remove the covers entirely. If this is the case, modify the covers by 
drilling or punching holes (without losing the IP2X requirement for some switchgear), or investigate custom 
guards that would allow for infrared transmission (such as the IRISS CAP).
�Internal Cable Routing 
Work from drawings on brand-new switchgear to  confirm 
the internal cable routes. Make sure that contractors do 
not route these cables in front of the infrared windows.
�Dielectric Clearances (Distance From Energized 
Components) 
Where the IR window contains grills, or inspection orifices, 
it must comply with IP2X (13mm 0.5”). Safe       dielectric 
clearances must be maintained for each window. IEEE 
C37.20.2, Table 1 specifies a minimum clearance distance 
for live component versus maximum rated voltage.

PPE
Complete a detailed Risk Assessment identifying all hazards that 
may be present during the installation and a detailed Method 
Statement detailing how the installation will be performed. Make 
sure that the installation crew has the correct levels of PPE to 
complete the task safely, especially if the installation involves 
energized work, in which case an energized Work Permit will also 
be required per NFPA 70E/CSA Z462. All work procedures, 
assessments and permits must be outlined in the Risk and 
Method statement.

Installation Instructions
Ensure that you comply with the Installation Instructions like those in Figure 2, provided by the window 
manufacturer. These will provide you with all the necessary information to ensure that the windows are 
installed correctly.

Tools
Before starting any installation, double-check to 
be sure that all required tools are readily available. 
Traditionally, IR window installations take place 
during plant shutdowns. Therefore, you will need to 
ensure that you have all the cutters, drills, drill bits, 
metal treatments, etc. already kitted and at-hand, 
including spares. Remember, that you will probably 
not be able to run to a hardware store to purchase 
new punches at 2 in the morning! A complete list of 
required tools can be obtained from the IR window 
manufacturer.

Table 1: from IEEE C37.20.2

Figure 2

Figure 1

Maximum Voltage (kV) Minimum Clearance

In cm

4.76 5.5 14

8.25 6.5 17
15.0 8.0 20
27.0 12.0 30
38.0 15.0 36

http://www.iriss.com/installation_support_int.html
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Labeling
Affixing information labels is an important final step in the installation process. One label should identify 
what the window is and how to use it. A second sticker should contain the following information that will be 
critical in performing a thorough and accurate infrared inspection:
  �• �Each inspection window should be given a unique number. This will be invaluable especially if there are 

multiple windows on one electrical panel.
  �• �Document the type of window (MW or LW) and the effective wavelength of the window (as detailed in 

Chapter 2).
  �• �Record the transmission rate of the window for both MW and LW.
  �• �Record all target data on the ID label. The most common method of documenting target location is the 

clock face method: i.e. bus bar connections at 4 o’clock. It should be noted that there may be multiple 
targets being surveyed through the IR window.

  �• �Some cameras do not have the ability to adjust the external optics transmission; therefore,                      
thermographers may use the emissivity settings on the camera to cover transmission and emissivity 
losses. Multiply the target emittance by the transmission rate of the window (as detailed in Chapter 4).

Baseline
After the window installation is completed, the thermographer should conduct a benchmark inspection to 
set the baseline. Data for each inspection point should be recorded in a spreadsheet or database for trend 
analysis over several surveys. There are software programs available to assist with database management 
and trending of infrared data.

Figure 3
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What Can I See Through an Infrared Viewing Pane?
An infrared window allows you to check the condition of electrical conductors and circuit parts. As with 
traditional thermographic inspections, the camera is very good at detecting and displaying even slight 
temperature differences very clearly. Therefore, when there is an electrical fault producing a temperature 
rise, the camera will display the image of the faulty components very clearly. However, if everything is at 
temperature equilibrium, it is difficult for the camera to display an image showing much of anything.

Figures 4, 5 and 6 are images taken through an IR window — no apparent faults are present.

Figures 7, 8 and 9 are images taken through an IR window — temperature rise due to load imbalance and 
poor connections are evident.

Figure 4 Figure 6Figure 5

Figure 7 Figure 9Figure 8

http://www.youtube.com/watch?v=1MI5YuTzIsk&feature=share&list=UUQZ07FYM1oj7BuhHjx7y0Vw
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�
Summary
1.	��Do your homework first: check all applicable certifications and ratings.
2.	Gather as much information as possible, while the equipment is deenergized.
	      �a. Take high quality digital pictures
	      b. Standardize the target emissivity
	      c. Make detailed measurements
	      d. Note any internal obstacles
	      e. Conduct any outstanding maintenance tasks
3.	�Complete a thorough Risk Analysis and Method Statement before starting any installation.
4.	�If possible, complete a specialized training program dealing specifically with installation of  

infrared windows.
5.	Remember to label the windows correctly, since this data will be used during future inspections.
6.	�Do a complete infrared inspection at the end of the window installation in order to create a 

benchmark/baseline for future inspections.

http://bit.ly/VvMXVO
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Certifications and Standards

“What standards and certifications are relevant to infrared (IR) windows?” This is one the most commonly 
asked questions when engineers and safety professions begin to investigate IR windows. Trying to sort 
through the myriad of UL, cUL, IEEE, CSA and other standards can be a daunting task. This chapter will 
attempt to clarify some of the most pertinent standards.

UL50V
The UL50V classification for Infrared Viewports is the only standard that relates specifically to infrared 
windows. It serves more as a classification than an actual standard for performance-of-build characteristics. 
Specifically it states:

      �Infrared Viewports are a fixed aperture, consisting of one or more openings or a solid infrared transmitting 
media, surrounded by a mounting bezel or frame, that provide a means for the passage of infrared radiation.

The UL50V classification is actually a mix of two distinctly different product categories: the “infrared 
window” (also known as IR sightglasses or IR viewing panes) and the “infrared port.” While both will allow 
the thermographer to perform infrared inspections of targets located inside an enclosure or behind a 
barrier, they are mechanically very different. Specifically, IR windows provide a barrier to separate the 
thermographer from the environment surrounding the target. In contrast, an IR port is essentially a hole. 
When opened, it effectively removes the barrier between the thermographer and the target. This distinction 
becomes important when considering the Personal Protective Equipment (PPE) implications of NFPA 70E/
CSA Z462 (see Chapter 8).

UL508
UL508 covers industrial control equipment and control panels under 1500 volts. Equipment covered by 
these requirements is intended for use in an ambient temperature of 0-40°C (32-104°F) unless specifically 
indicated for use in other conditions.

UL508A
UL508A covers industrial control panels intended for general use, with an operating voltage of 600 or less. 
This equipment is intended for installation in ordinary locations, in accordance with the National Electrical 
Code (ANSI/NFPA 70), where the ambient temperature does not exceed 40°C (104°F).

UL746C
UL746C sets the impact and flammability standards for polymeric materials used in electrical equipment 
up to 1500 volts. Any plastic or polymer forming part of an infrared window must pass flammability tests at 
room temperature, and must remain intact during an impact test performed at 0°C (32°F). It is worth noting 
that of the crystal optics capable of transmitting in the long wave portion of the infrared spectrum (8μm to 
14μm), there are no fluoride-based crystals capable of passing the impact tests required in 746C. However, 
because they are classified as “glass” under the standard, they are not required to test for impact as long as 
they are thicker than 1.4 mm.

Chapter 7

http://bit.ly/162M6yO
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IEEE C37.20.2 Section a.3.6
Viewing panes mounted in medium and high voltage equipment (600 volts to 38kv metal clad and 72kv 
station type gear) are required to withstand impact and load per IEEE C37.20.2 Section a.3.6. The standard 
specifically states that the viewing pane must withstand the impact and load from both sides (inside/
outside) and the viewing pane must not “crack, shatter or dislodge.”

Unlike with UL, there is no exemption given to crystals or glass under the IEEE standard, and the only crystal 
capable of passing the test in this standard is sapphire which is non-transmissive in the 8μm to 14μm (LW) 
portion of the spectrum where PdM cameras typically function.

Lloyd’s Register Type Approval
Lloyd’s Register provides independent, third-party approval certificates attesting to a product’s conformity 
with specific standards or specifications. It also verifies the manufacturer’s production quality systems 
through a combination of design reviews and type testing. There is growing international awareness of the 
importance of third-party certifications such as those offered by Lloyd’s.

Ingress Protection/Environmental Rating
IP65 is an international standard (defined in IEC 60529) that classifies products as “dust tight,” with complete 
protection against contact with parts contained within the enclosure. It also covers resistance to directed 
water jets. IP testing must be performed and certified by third-party testing labs, such as SIRA.

NEMA 4/4X and IP65 are equivalent ratings. It 
certifies enclosures for indoor or outdoor use; for 
protection against access to hazardous parts; for 
ingress of solid foreign objects (windblown dust); 
for resistance to water ingress resulting from rain, 
sleet, snow, splashing water, and hose directed 
water; and from damage due to ice formation. 4X 
also must resist corrosion. NEMA ratings can be 
self-certified when the manufacturer has sufficient 
data (such as third-party IP tests) to support the 
definitions.

Typically, only viewports that are rated equal to, or 
greater than, that of the original enclosure should 
be used.

Arc Resistance
Per IEEE C37.20.7, arc resistance tests only apply to complete switchgear systems. Arc Resistant Switchgear is 
tested with any number of accessories in place with covers closed, and the system must contain, control and 
redirect the heated gases of the arc blast away from where personnel interface with the equipment. Because 
of the near-infinite variations in cabinet configuration, geometry and design, the results of one test cannot 
be assumed to hold true for another cabinet - particularly if that cabinet has no arc resistance features.

Components (such as IR windows) can never carry an arc rating because they have no innate arc resistance 
characteristics. The features that enable a switchgear system to protect personnel from the effects of an 
arc blast are a complex series of structural reinforcements, plenums and vent doors that redirect the blast. 
It is worth noting that all three major brands of IR windows have been a part of successful arc flash tests. 
However, this does not mean that any of these windows is “arc resistant” in its own right. As stated, it is the 
switchgear that has been shown to be arc resistant with the components in place.

Table 1

Standard Reinforced Polymer Fluoride Crystals
UL50V P P

UL508,508A P P

UL746C P Not Possible
IEE C37.20.2 (a.3.6) P Not Possible

LIoyd’s Type Approval P P

Ingress Protection IP65/NEMA 4X IP65/NEMA 4X
“Passed” 50kVA/63kVA  

Arc Resistance Test P P

Arc Rated Arc Rated No Component 
Level “Rating”

http://bit.ly/14Q3295
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UL50E
This standard applies to enclosures for electrical equipment intended to be installed and used in 
non-hazardous locations in accordance with the Canadian Electrical Code, Part I, CSA C22.1, the provisions 
of the National Electrical Code, NFPA 70, and the provisions of Mexico’s Electrical Installations, 
NOM-001-SEDE, as follows: 

Enclosures for indoor locations, Types 1, 2, 5, 12, 12K, and 13; and
Enclosures for indoor or outdoor locations, Types 3, 3R, 3S, 4, 4X, 6, and 6P.

This standard covers additional environmental construction and performance requirements for enclosures. 
The general requirements for enclosures are contained in standard CSA C22.2 No. 94.1, UL 50, and 
NMX-J-235/1-ANCE (See Annex b, Ref. No. 10) or the end-use product standards that are to be used in 
conjunction with this standard. This standard does not cover the requirements for protection of devices 
against conditions such as condensation, icing, corrosion, or contamination that may occur within the 
enclosure or that may enter via conduit or unsealed openings. Where an individual product standard 
contains requirements that are at variance with those of this standard, the requirements of the individual 
product standard take precedence. 

UL1558
These requirements cover metal-enclosed, low-voltage power circuit breaker switchgear assemblies 
containing but not limited to such devices as low-voltage power circuit breakers, other interrupting devices, 
switches, control, instrumentation and metering, protective and regulating equipment. 
These requirements cover equipment intended for use in ordinary locations in accordance with the National 
Electrical Code. These requirements are intended to supplement and be used in conjunction with the 
Standard for Metal-Enclosed Low Voltage Power Circuit Breaker Switchgear, ANSI C37.20.1, and the Standard 
for Conformance Testing of Metal-Enclosed Low-Voltage AC Power Circuit Breaker Switchgear Assemblies, 
ANSI C37.51. These requirements cover equipment rated 600 V ac or less nominal, 635 V ac maximum. 

American Bureau of Shipping
The American Bureau of Shipping (ABS) is a classification society, with a mission to promote the security of 
life, property and the natural environment, primarily through the development and verification of standards 
for the design, construction and operational maintenance of marine-related facilities. At the end of 2006, 
ABS was the third largest class society with a classed fleet of over 10,000 commercial vessels and offshore 
facilities. ABS’ core service is the provision of classification services through the development of standards 
called ABS Rules. These Rules form the basis for assessing the design and construction of new vessels and 
the integrity of existing vessels and marine structures.

Canadian Standards Association (CSA)
The Canadian Standards Association (CSA), is a not-for-profit standards organization which develops 
standards in 57 areas. CSA began as the Canadian Engineering Standards Association (CESA) in 1919, 
federally chartered to create standards. During World War I, lack of interoperability between technical 
resources led to frustration, injury, and death. Britain requested that Canada form a standards committee.

CSA is accredited by the Standards Council of Canada, a crown corporation which promotes efficient and 
effective standardization in Canada, as a standards development organization and as a certification body. 
This accreditation verifies that CSA is competent to carry out these functions, and is based on internationally 
recognized criteria and procedures. The CSA registered mark shows that a product has been independently 
tested and certified to meet recognized standards for safety or performance.

http://www.iriss.com/datasheets.html
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�
Summary
1.	���The only standard that applies specifically to infrared windows is the UL50V  it is actually more of a 

classification than a standard.
2.	All other standards that are cited may have a bearing on some aspect or use of a window.
3.	UL508 and 508A are classifications for components used on electrical panels.
4.	�UL746C is a standard requiring flammability and impact tests for polymeric materials used on 

electrical equipment. Long wave compatible crystals are unable to pass the impact tests required 
of this standard.

5.	�IEEE C37.20.2 Section a.3.6 is the impact and load requirement for all viewing panes installed 
on medium and high voltage switchgear. Panes made from crystals or glass will not pass these 
requirements - that is why all visual inspection panes installed on new switchgear are made of 
Lexan™ or Plexiglas™. Unfortunately, those materials are not IR transmissive. Of long wave 

	 compatible IR windows, only a reinforced polymer optic meets the requirements of this standard.
6.	�Lloyd’s Type Approval is a third-party verification of standards, and a verification of quality  

and design.
7.	�Ingress protection standards certify that an enclosure is capable of sealing out various levels of 

environmental contaminants. IP65 and NEMA 4 are equivalent standards indicating protection 
against dust and water ingression.

8.	�Arc resistance is a standard that applies only to switchgear - not to components. All three major 
window manufacturers have passed arc tests with their windows as part of switchgear assemblies. 
However the Arc Rating applies to the complete switchgear - not individual components.

http://www.iriss.com/request_info.html
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Arc Flash, NFPA and OSHA: Implications on Infrared Inspections

An arc flash incident is reported every 18 minutes in the US. From these, roughly 20 people per day sustain 
arc-induced burns, and 5 to 10 workers suffer incurable third-degree burns over more than half their body. 
Sadly, on average, more than one worker a day never goes home - the victim of an arc flash fatality.

What is an Arc Flash and What are the Risks?
An arc flash is a short circuit through the air that creates an explosion equal in force to one to three sticks of 
dynamite. Since most incidents are triggered by some type of human interaction, the same dynamite-like 
blast occurs within a few feet of the worker.

Common triggers are 1) dropping tools or panels, 2) making accidental contact with energized parts, or 3) 
changing the state of the equipment. An arc usually starts as a phase-to-ground short circuit. This “bolted 
fault” is one bridged by an object (a wrench for example) with limited current carrying potential. However, 
when the initial arc vaporizes the copper conductor, it produces a small, hyper-conductive cloud of copper 
plasma and ionized gases. This conductive plasma forms a bridge between phases. It is this “unbolted fault” 
that grows in intensity, producing a blinding flash along with ultra-high temperatures. The explosion feeds 
on itself, and the heat converts all materials in the vicinity to plasma. The copper conductor expands 67,000 
times its initial size in a fraction of a second. It is this rapid expansion that creates the pressure wave that rips 
apart switchgear and sends molten shrapnel toward anything in its path.

How do Electrical Hazards Compare to Other EHS Hazards?
Today, many plant safety concerns are well publicized and understood due to aggressive campaigns from 
Environmental Health and Safety 
(EHS) Departments. However, 
electrical safety has largely been left 
to the Electrical Department, since it 
is a highly specialized topic.

Ironically, even though electrical 
injuries are less frequent than typical 
EHS issues, they carry far greater 
consequences. Modern versions of 
the W.H. Heinrich Safety Pyramid 
(Figure 1) shows that for every 10,000 
nearmiss incidents, there are 10 disabling injuries and one fatality. By comparison, 85 near-miss arc flash 
incidents will result in six disabling injuries and one fatality. Using the same scale above, 10,000 arc flash 
events would result in 706 disabling injuries (compared to 10 in the standard EHS model), and 118 fatalities 
(compared to 1).

Similarly, the National Safety Council estimates one fatality for every thirty electrical shocks. This makes 
electrocution the fourth leading cause of workplace fatalities (per NFPA 70E; 2009; K.2). Clearly, electrical 
hazards should be the focus of awareness and safety campaigns to better protect workers.

Chapter 8

Figure 1

http://youtu.be/3yqjQQabJ08
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NFPA 70B
The National Fire Protection Association (NFPA) developed the NFPA 70B Standard for Electrical Equipment 
Maintenance. The procedures set forth have been instrumental in saving lives, safeguarding plant assets and 
reducing unscheduled downtime. Among its recommendations, NFPA 70B states that thermography should 
play a key role in monitoring faults in energized electrical equipment. The NFPA 70B standard also calls 
for monitoring transformers, switchgear and the power distribution equipment at least annually - in some 
cases, quarterly. These inspections should occur with the conductors and connections exposed and under 
load. Unfortunately, opening electrical equipment is not only time consuming, it is also hazardous.

NFPA 70E, OSHA 1910 and CSA Z462
In 1976, NFPA formed a committee to create the NFPA 70E standard. The goal was to address electrical safety 
in the workplace and to provide OSHA and others with a document it could reference when issuing citations 
and fines (the NEC and 70B did not lend themselves to this). Since its first edition in 1979, NFPA 70E has 
become the world’s most-referenced electrical safety document.

In 2009, Canada enacted CSA Z462 - an electrical safety standard that 
is harmonized with NFPA 70E. In fact, every industrialized country has 
implemented some type of electrical safety standard; many of which 
are harmonized with NFPA 70E, or are influenced by the NFPA 70E 
standard.

The thrust of NFPA 70E/CSA Z462 and the clear message from OSHA 
1910 is that personnel should not be exposed to energized 
conductors and circuit parts. In other words: keep the panels and doors 
closed when the equipment is energized. Exceptions can be made 
in specific circumstances where energized work is required (such as 
diagnostic activities). In those cases, the standard requires personnel to 
utilize Personal Protective Equipment (PPE).

�The most recent edition considers thermographic inspections 
performed on 1kV to 38kV Metal Clad Switchgear outside the restricted 
approach boundary as a three (on a scale of 4) Hazard/Risk Category 
(HRC). This means that scanning an open panel is on a par with 
opening a hinged cover on the same panel. This task requires extensive 
PPE - including a minimum of a 25cal/cm2 flash suit (Figure 2).

NFPA 70E is well known for its Hazard/Risk (HRC) Table for PPE selection. It states very clearly in 130.7(A) that 
PPE is “intended to protect a person from arc flash and shock hazards.” It goes on to say that plant personnel 
could still sustain curable burns, even while using the correct PPE. Further, it explains that PPE does not 
protect from explosive effects of an arc blast.

In 130.9, the standard explains that the calculations in the HRC tables make certain assumptions with regard 
to clearing time and the available fault current. For this reason, it is suggested that companies conduct 
an Arc Flash Analysis (AFA). Yet even with an AFA, companies must be vigilant. A study by a multi-national 
services provider found that over 20% of breakers were not at 100% (slow trips), while more than 10% didn’t 
trip at all. One reason: most companies are not following manufacturer recommendations to exercise the 
breakers at fixed intervals. Because available current and duration determine the incident energy, even the 
slightest delay in closing can create an explosion well beyond the capacity of any PPE.

Figure 2

http://bit.ly/1akFyRl
http://bit.ly/17EHXBe
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When Should Personnel Utilize PPE?
NFPA 70E/CSA Z462 directs personnel to utilize elevated levels 
of PPE when they are exposed to energized electrical 
conductors or circuit parts. Even if the panels are closed, PPE 
should be worn if there is the potential for an electrical hazard, 
such as a change-of-state.

Use of an IR window maintains an IP65/NEMA 4X seal on the 
enclosure panel. Therefore, even when open, the window 
maintains what NFPA terms an “enclosed” and “guarded” 
condition. Additionally, scanning through an IR window is a 
noninvasive task that does not create a risk of electrical hazard 
(no change-of-state). As long as the thermographer is 
confident that the equipment has been properly installed and maintained, and the equipment is not in 
danger of changing state. Then, the HRC for using an IR window would be the same level as “reading a 
panel meter while operating a meter switch,” which NFPA rates as HRC 0.

Figure 3

�
Summary
1.	����Working with energized electrical components is among the most dangerous activities found in 

the workplace.
2.	�Preventive maintenance standards such as NFPA 70B recommend infrared surveys of loaded and 

energized conductors and circuit parts at least annually.
3.	�OSHA 1910, NFPA 70E and CSA Z462 all require that personnel are not exposed to energized 

conductors and circuit parts unless absolutely necessary.
4.	�If personnel must access energized equipment, they are required to utilize PPE suited for the level 

of the hazard/risk of the task they are performing.
5.	�Infrared windows allow inspections to take place with the cabinet panels closed without exposing 

personnel to energized components and elevated hazard/risks. Therefore, the HRC level required 
when performing an IR inspection through a sealed window would be HRC 0.

http://bit.ly/Z7cJ2z
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Infrared Window Program Benefits

Companies implement an infrared (IR) window program for a variety of reasons, but most tend to fall into a 
few categories:
      • Standards compliance
      • Safety
      • Risk management
      • Cost savings/efficiency
      • Data management

Standards Compliance
After performing arc flash studies, many companies are surprised to find a number of applications with 
incident energy calculations that exceed available PPE levels. Other applications may be too close to walls 
to allow workers to perform scans outside the Restricted Approach Boundary. Since these applications 
are deemed “un-inspectable”, IR windows are the only solution. Closed-panel inspection using IR windows 
complies with OSHA, NFPA and CSA mandates, all without requiring elevated levels of PPE.

Contrary to popular belief, voltage is 
not necessarily the best predictor of 
arc flash energy. In fact, the three 
biggest influences on the incident 
energy are: the available current, the 
fault clearance time, and distance 
from the fault. It is very common to 
find that some 480V applications have 
incident energy calculations well in 
excess of available PPE protection 
levels. Lower voltage applications 
may carry higher current loads, and 
may experience longer delays before 
tripping.

The warning label in Figure 1 was 
found on a piece of 480V switchgear. 
Look closely and you will see that the 
Flash Hazard Boundary is over 31 feet, 
and it warns “Extremely Dangerous, No 
PPE Class Found” because the 108.8 Cal/cm2 exceeds the 40Cal/cm2 PPE that they had on site.

Safety NFPA 70E (Article 100; Arc Flash Hazard; FPN No.1) states: “Under normal operating conditions, enclosed 
energized equipment that has been properly installed and maintained is not likely to pose an arc flash hazard.” 
Conversely, just removing a panel cover on a 600V MCC or 1000V+ switchgear, is rated by NFPA/CSA as an 
HRC level four (on a scale of 1 to 4).

The message is clear: it is safer to keep electrical equipment closed whenever possible. Non-invasive work 
processes, such as using an IR window, should be encouraged as a way to increase the safety of personnel. 
In fact, use of IR windows has been estimated to reduce the risk of triggering an arc flash during an 
inspection to less than 0.1%.

Chapter 9

Figure 1

http://www.iriss.com/html-default/menu/blog/2013/06/27/enclosure-safety-solutions-article-ir-windows-in-stansted-airport/
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Risk Management
OSHA, NFPA 70E, CSA Z462 and ANSI Z10 are based largely on 
the principle of the Hierarchy of Control - referenced in NFPA 
70E Appendix F (Figure 2). In short, the principle encourages 
engineers to design processes and equipment that eliminate 
the likelihood of accidents, rather than relying on controls or 
PPE to protect a worker after an accident. No single control is 
necessarily more important than the others, but a priority is 
placed on preventing accidents, rather than responding 
to them.

Consider this example: we’d all prefer to avoid the possibility of an 
auto accident. Antilock brakes are engineered to improve braking and control, minimizing the chance of an 
accident. Yet, in the event of a crash, we can rely on air bags and seat belts to protect us. Driver education 
and testing are administrative controls intended to train drivers. Finally, since in auto racing a driver’s risk is 

high, they even wear PPE. But again, the 
preference is always to avoid or eliminate the 
crash in the first place.

In thermography, the IR window falls into the 
“elimination category” since it removes virtually 
all arc flash triggers which could be caused by an 
inspection. The closed-cabinet work process 
maintains the energized conductors in an 
“enclosed and guarded condition”; there is no 
change-of-state of the conductors; and, therefore, 
no increase in risk level.

Risk management goes beyond just personnel 
safety; the Hierarchy of Control can equally apply 
to plant assets. Plants deliberately schedule risky 
tasks during off-hours - mitigating the risk of 
power interruption and possible downtime. 

Unfortunately, most diagnostic testing requires the equipment to be fully loaded and energized. 
Accordingly, an IR window allows thermographers to record meaningful data without risking a shutdown.

Data Management
As with most other Predictive Maintenance (PdM) technologies, the benefits of thermography increase with 
the amount of quality data collected. However, there are some challenges to gathering and trending data. 
These include consistency in:
     • Measurement point
     • Collection angle
     • Distance from target
     • Reflected temperatures
     • Camera calibration
     • Adequate load on electrical applications

These inconsistencies are usually caused either by the lack of a systematic work process, or by the habits of 
different thermographers. However, IR windows help to minimize or eliminate potential inconsistencies.

Figure 2

Figure 3
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�
Summary
1.	����Standards compliance: the equipment maintained in an enclosed and guarded condition without 

creating a potential electrical hazard during inspection. Therefore elevated levels of PPE are not 
required when using an IR window.

2.	�Safety: the non-intrusive inspection does not elevate the risk of electrocution or of triggering an 
arc flash incident.

3.	�Risk management: the Hierarchy of Control requires engineers and managers to eliminate risk 
where possible (as opposed to relying on engineering controls or PPE to protect personnel after 
the accident happens). Use of IR inspection windows eliminates the high-risk behaviors involved 
with open-panel inspection and replaces them with a non-intrusive work process.

4.	�Data management: IR windows provide a systematic approach to data collection during 
inspections - same target, same location, same angle, and same distance. Consistency in the data 
collection process leads to more trendable data in any PdM process.

5.	�Cost savings/efficiency: using IR windows has been shown in time studies to eliminate over 90% of 
the time involved with inspections.

Windows ensure that measurements are taken at the same angle, from the same point, and from the same 
distance each time. Furthermore, thermographers should pick the exact target areas, and mark them with 
tape or high-emissivity labels. Information on each target should be noted on a label next to the window. 

This systematized and consistent approach leads to more accurate and “trendable” data. The systematic 
approach to data collection can also improve a firm’s succession planning, or allow for greater flexibility in 
the event a company wishes to bring the thermography program in-house.

Cost Savings/Efficiency
The time required to remove bolted panels, image the interior of the cabinet and reapply the panel covers 
is roughly a one-hour job for two men. Imaging through an infrared window takes one man five to six 
minutes. The efficiencies that a Reliability Department realizes from using IR windows are so significant that 
they typically pay for themselves by the first or second inspection cycle (see Chapter 10).

http://bit.ly/10VnfxO
http://www.iriss.com/request_info.html
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Infrared Window Cost Benefit Analysis

Studies show that traditional open-panel infrared (IR) inspections are both time consuming and a poor use 
of high-value resources (electricians and thermographers). Bolted panels are designed to make access to 
energized conductors difficult. Furthermore, use of bulky personal protection equipment (PPE) makes the 
process even more difficult.

Time-motion studies indicate that a team of two electricians will take about 30 minutes to safely remove 
a bolted panel. After an average six minutes to scan the interior, the electricians then require the same 30 
minutes to replace the panel. With a typical three-man inspection team, this translates into 3.3 manhours per 
panel. (Assuming the facility provides two in-house electricians to open panels for a contract thermographer, 
the man-hours drop to 2.2, but this doesn’t account for the thermographer’s daily rate). In addition to panel 
removal and inspection, PPE suit-up and removal further increases the time. On average, it takes thirty 
minutes to fully suit-up and dress-down with Category 3 or 4 PPE. For a threeman team, this adds another 
1.5 man-hours every time the team starts a shift, or takes a break. Depending on the work environment, this 
could mean thousands of dollars spent on “wardrobe changes”.

As companies dig deeper into the numbers, it becomes increasingly evident that open-panel inspections are 
costing them significant amounts of money. For example, the thermographer (whether in-house or contract) 
is spending roughly 60 minutes out of 66 waiting for the electricians to open/close panels. That’s over 5.5 idle 
hours in a six-hour workday. Meanwhile, the two electricians will spend a combined 12 minutes of each 66 
waiting for the thermographer to finish his scan. Infrared windows allow thermographers to conduct surveys 
while eliminating these non-productive wait times.

The use of IR windows makes PdM personnel vastly more efficient. The PPE requirement is reduced to 
the level of “performing administrative tasks” around the electrical equipment. (Each facility will vary in its 
requirements - so please follow the recommendations from your site.) PPE suit-up and removal time is virtually 
eliminated. The thermographer requires no supporting cast and the scanning time averages just five to 
six minutes per window. Since more than 90% of the man-hours are eliminated, a complete Return on 
Investment (ROI) is realized within one or two inspection cycles.

Chapter 10

Table 1

Operation Man-Hours Total Man-Hours
Cover Removal 0.5 1.0
Infrared Inspection 0.1 0.1
Cover Replacement 0.5 1.0
Thermographer Waiting Time 1.0 1.0
Electrician Waiting Time 0.1 0.2
Total Man-Hours Per Inspection of One Energized Panel 3.3

http://bit.ly/17EJtDC
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�
Summary
1.	����Time-studies indicate that traditional open-panel inspections are very time-consuming. The man-

hour costs can easily run to over $600 per panel.
2.	�PPE suit-up and dress-down time is another costly task associated with traditional inspections. 

Costs can quickly exceed thousands of dollars per inspection cycle.
3.	�Use of windows eliminates virtually all wait and PPE time. This translates into savings in excess of 

90% of the time typically required to perform traditional thermographic inspections.
4.	�Because of the man-hour savings which IR windows provide, most window programs see a return 

on investment within the first or second inspection cycle.

Infrared windows are just another case where good safety makes good business sense. The risk of               
catastrophic damage and downtime is reduced; along with the risk to personnel. Finally, IR windows allow 
personnel to work more efficiently. In short, IR windows allow companies to save time, save money, and 
stay safe.

http://bit.ly/14By3Bl
http://www.iriss.com/request_info.html
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Installation Considerations for IR Windows

The procedures for the safe and efficient installation of infrared windows have been documented and 
refined over the last decade as technicians have installed thousands of windows in nearly every application 
imaginable. In order to make planning and scheduling the process as easy as possible we are offering the 
following information to facilitate installation in a manner which ensures long term use and maximum 
benefits. Properly planning the installation allows labor costs to be included into any capital project so that 
the installation does not fall onto the maintenance department’s operating budget. The thermographer who 
will be utilizing the windows should also be included as they know the targeted components for 
the installation.

When planning your project you need to also consider utilizing a representative associated with the window 
manufacturer to perform the initial onsite assessment and ensure the correct number of windows are 
procured. They can also provide you with a general estimate of how many windows can be installed by a two 
man crew in a given amount of time in your environment. Their experience with other projects where they 
have facilitated installation allows your organization to benefit from their years of experience and starts the 
program off with the necessary documentation to maximize ROI.

Walk- Thru App
We have developed a database which can be utilized with iOS or Android smartphones and tablets for 
gathering the required information to correctly assess the quantity and sizes of the windows necessary while 
in the field. This data can be gathered across multiple locations and when warehoused in a single file can be 
utilized to group the window installments by process, location, voltage, window size, hazard risk assessment 
or even price. Visit the Knowledge Center on the IRISS website or email support@iriss.com to get the 
assesment tool.

We have worked with many industries to successfully implement infrared windows and we understand 
that sometimes a staged implementation of windows makes sense due to budgetary restraints, manpower 
limitations, or outage availability. This was designed to provide all the necessary data in a single location 
so decision makers at all levels of the organization can utilize their internal business functions for 
purchasing, procurement, scheduling, and installation of infrared windows to implement a safe IR inspection 
program.

In order to facilitate the installation process there are several areas to focus on:

  •  Proper sizing of the window
  •  Placement of the window
  •  Tooling and labor necessary for installation
  •  Documentation of targets, transmission rate, and emissivity of targets

Bonus Section
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Proper Sizing of the Window
Determining the size of window needed in order to adequately inspect the targets within an enclosure 
requires an understanding of infrared theory, actual components located in the enclosure, and the 
physical limitations of the camera being used to perform the survey. Chapter 5 provides detailed information 
on determining the Field Of View (FOV) of the camera or you can also visit the Knowledge Center on 
the IRISS website or email 
support@iriss.com to get the calculator. The distance from 
the window and size of the targets to be inspected needs 
to be determined to ensure that the entire area can be 
inspected. A large percentage of the enclosures infrared 
windows are being utilized in have similarities which 
make determining the proper window size easier than one 
would imagine.

By utilizing the larger CAP Series of IR windows the FOV 
increases to the point where all targets within an 
enclosure are made visible. If the information is not 
available as to what targets need inspected or the 
distance from the window to the targets are unknown, the 
larger window is more cost effective and efficient. It is far easier for a technician to have a larger FOV if the 
IR window is too small than to have to make a judgment call based upon incomplete data. Many times the 
benefits of installing the windows is negated and the cabinet is opened for inspection. The initial cost of the 
window is insignificant when compared to unscheduled electrical outages or ancillary damage caused by 
undetected fault progression. 

Visit the Knowledge Center on the IRISS website or email support@iriss.com to get the ROI calculator.

Figure 1

Placement of the Window
Placing the window should be done while 
the equipment is de-energized so that the 
targets and any obstructions which might 
be in the way can be instantly checked. 
The use of semi-permanent adhesive 
on the installation templates is so that if 
for any reason the window needs to be 
moved prior to installation the template 
can be repositioned after a visual 
inspection with the door open. The 
thermographer or designated 
representative of the company who is 
responsible for performing the infrared 
inspections is crucial to proper estimation 
and placement of the windows.

Figure 2

http://bit.ly/10gYvjf
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Tooling and Labor Necessary for Installation

The tools necessary to install most IR windows should be readily 
available at most home improvement stores. It makes sense to 
have several cutting tools on hand as tools tend to break at the 
most inopportune times. If they are not used they can always 
be returned or used for the next job. Most electrical 
maintenance departments will already have the necessary 
equipment for installing round windows and the larger square 
windows are easily cut depending upon the enclosure material. 
If these tools are not used in your organization, it may make 
sense to outsource the installation. We have worked with many 
installers in the past and would be happy to put you in contact 
with one in your region.

Documentation of Targets, Transmission Rate, and Emissivity of Targets
As discussed in chapter 6, one of the most important steps taken while the window is being installed is to 
ensure that the installation is done by someone who understands the role the window will play in a suc-
cessful IR program. Documenting targets inside the enclosure with a digital camera while the installation is 
underway gives the thermographer a reference as to what is inside the enclosure. It is also critical for com-
municating the location of defects when one is detected.

The electrician sent to repair a loose 
connection may not fully understand the 
technology or be able to visually correlate 
a thermogram to the actual equipment 
installed inside the enclosure. Having a 
digital picture available to direct repair 
activities to the actual defect location 
makes repairs efficient and if utilized 
correctly can help with diagnosis of 
potential problems.

The Transmission Rate of the IR window is dependent upon the type of infrared camera that will be used 
during inspections. This can be measured beforehand by a knowledgeable infrared technician and then 
clearly marked on the enclosed information sticker. A good tool for determining the transmission rate is the 
“Simplified Transmittance Test,” discussed in Chapter 4.

Figure 3

Figure 4
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It is STRONGLY recommended to maximize the 
target’s emissivity during the window 
installation. Clean metal targets are difficult to 
measure using infrared cameras. Using known 
emissivity targets such as IRISS IR-ID labels will 
dramatically improve inspection accuracy when 
performing thermography with or without                       
infrared windows, as detailed in Chapter 3.

Conclusion
Remember that the purchase price is only one portion of the cost of implementing an IR inspection program 
utilizing windows. Being in a position to plan and schedule the downtime, personnel, and tools necessary 
to properly install and document the equipment being inspected allows your investment in IR windows to 
begin payback as soon as the process is initiated. Having these items available minimizes the time the gear is 
not in full production and enables the optimum number of windows to be installed during a timed planned 
outage. For more information regarding YOUR unique situation call upon the experienced team of solution 
providers at IRISS to make your IR inspection program safe, efficient and successful.

Figure 5

http://bit.ly/16DEzKL
http://bit.ly/127NEGW
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IRISS Polymer IR Windows Offer NFPA 70E Compliance 
without Compromising Product Performance

Certified
Comply with UL, CSA, IEEE, NEMA, IP, BSI, ABS, and Lloyds of London Certifications.

Visual, UV, IR Inspections All Through One IR Window
Poly-View System™ technology available in Platinum Series and Custom Solutions products.

Versatile
Works with all IR cameras for low, medium, and high voltage equipment located indoors or outdoors.

Fixed and Stable Transmission
Eliminate need to recalculate transmittance on a regular basis.

Durable Design
Impact-resistant industrial-grade optics with reinforced grills compliant with IP2x standards.

Protected by Our Unconditional Lifetime Warranty
IRISS polymer optics do not degrade when exposed to acids, alkalis, UV, moisture, humidity, 
vibration, and high frequency noise – a guarantee no crystal IR window can provide.

Wide Range of Product Solutions

Platinum Series
Safest, Easiest, and Most Efficient 
IR/Visual Inspections Available 

CAP Series
Larger Area Provides Easier Inspections

VP Series
Traditional Round with Modern Technology

Custom Solutions
Designed to Fit Your Application 
(Shape, Color, Private Label, and More)

http://www.iriss.com/request_info.html
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IRISS Believes Working SMART Is Not Hard!

The Safety and Maintenance Academy of Reliability Technologies™ offers several unique 
training and certification classes that provide you and your company the knowledge and practical 

experience necessary to complete your electrical inspections safely and efficiently.  

SMART courses train your personnel to perform inspections 
with leading safety practices enhancing

Efficiency
Our courses are designed to provide you the knowledge to perform.
Peace of Mind
Let our experienced thermographers and trainers support your success.
Return on Investment (ROI)
 Invest wisely in your equipment and personnel training.

Training Locations
SMART Training Academy

       For a complete assessment of your electrical distribution system, your company needs to implement 	
       a full electrical maintenance program.  IRISS SMART Training helps you develop your program by offering 	
       these courses for managers, professionals, and technical personnel.  

On-Site or Regional
       We are also prepared to bring hands-on classes to you with travelling labs.  These labs are designed to 	
       provide experience in using a variety of tools available in the electrical maintenance industry.  Students    	
       will have the opportunity to learn using an assortment of electrical equipment in addition to their own 
       equipment while on-site.

ABOUT SMART

http://bit.ly/171udRV
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