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ABSTRACT 

How many times in your thermography career have you been asked to, or have you actually attempted to 
use Infrared Thermography to determine the thermal condition of enclosed electrical distribution 
equipment by monitoring the external housing temperatures of the energized equipment (scanning the 
covers). It seems reasonable that high resistance conditions inside electrical cabinets and ducting could 
generate sufficient heat to increase the surface temperature of the enclosed cabinet or duct enough to be 
noted. To correctly diagnose the severity of the noted condition is another challenge in itself; one that you 
never think of until you actually find an area of suspected abnormal heating. Based upon the author’s 
previous experience, this practice is and has been utilized for monitoring high voltage electrical 
equipment that is considered unsafe to access, simply because it is considered better than doing nothing 
at all, especially when there is no requirement to do anything at all. The removal of some panels and 
covers to expose equipment such as high voltage non-segregated and isophase distribution bus is an 
unsafe hazard no matter what personnel protective equipment is used.  

The successful detection of a thermal abnormality by the author in this manner provided increased 
confidence in this practice. This presentation will discuss how a section of 4160 VAC enclosed bus with 
abnormal heating was noted, documented, and repaired avoiding a serious imminent failure. 

Or, maybe I just got lucky. 

Since that initial successful effort, a catastrophic failure of a similar section of bolted and heavily insulated 
6900 VAC bus at a flexible link location, without any detected duct housing surface temperature increase, 
raised serious questions about my ability to make informed assessments of this vital equipment’s 
condition. 

As a result, installation of infrared energy transmissive windows was implemented and has restored my 
confidence in my ability to monitor and trend this important, powerful, and dangerous distribution 
equipment.  

Six case histories will be presented that will illustrate my IR experiences with and without the use of IR 
windows.  

  
1) Two case histories of catastrophic failures that probably would have been detected had IR 

viewing windows been installed, and were the subsequent motivating events to install windows, 
2) One case history of a detected thermal abnormality that was successfully identified as an 

abnormal condition by monitoring an enclosed bus duct housing (luck?),  
3) And three examples of the successful detection of abnormal conditions and overheating directly 

attributed to the use of IR windows that would most likely not have been detected, or at least 
correctly interpreted.  
 

Significant economic expense was incurred in all of these events, and somehow serious personnel injury 
was avoided.  Had the successfully detected anomalies gone unnoticed, the economic impact and the 
risk of personnel injury would have been far greater. It is the goal of this presentation that my experiences 
may provide awareness and incentive to others that it is an important economic and safety priority to 
monitor and maintain this equipment, and that it can be done utilizing infrared thermography techniques.  
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INTRODUCTION 

This paper will present and discuss the role that Infrared Viewing windows can have in thermal imaging of 
commercial electrical transmission and distribution equipment, and the events that occurred in my career 
to define that role. 

The equipment being discussed was only capable of being monitored with Infrared Thermography by 
measuring and trending the surface temperature of the duct or panel that houses the electrical conductors 
and connections inside, instead of by direct viewing after removing the duct or panel bolted covers. This 
is referred to as “indirect” temperature measurement. The primary reason this equipment is inaccessible 
for direct viewing and measurement is the safety risk involved removing these duct and panel covers 
while the equipment is energized. 

Case studies of six events will be presented involving severe overheating of dangerous and expensive 
high voltage enclosed electrical production and distribution equipment. Two events were responsible for 
catastrophic failures. Two were imminent catastrophic failures that were avoided. One was a potential 
failure mechanism noted by visual observation through the windows, which is a valuable additional 
benefit; and one was the detection and monitoring of a thermal anomaly that would not have been 
possible without IR window installation.  

Thermal images of energized bus that is now available for trending and monitoring after infrared viewing 
window installation will be presented to illustrate the direct thermal and visual viewing results that are now 
possible.  

A short discussion of the acquisition techniques and data conversions necessary for quantitative 
temperature measurement trending through infrared energy transmissive windows is included. 

Case 1: 4160 VAC Pump Motor Junction Box 

A catastrophic failure in 1999 of an enclosed junction box for a 4160 VAC 5000 horsepower circulating 
water pump motor was the primary catalyst that initiated the installation of IR viewing windows. The 
junction box cover was too heavy and bulky for safe removal, so thermographic surveys were limited to 
monitoring the surface temperature for abnormalities. The external surface monitoring of these junction 
boxes seemed the only available option at the time.  

Infrared viewing windows had only recently become commercially available. There was a lot of 
apprehension and questioning about the use of these early devices in UL rated and tested cabinets. Did 
the installation itself created an additional safety issue? What happens to the safety rating of the cabinet 
with glass viewing windows installed instead of a homogeneous metal panel? These early issues did not 
make window installation an obvious choice. 

 
Figure 1.  Catastrophic failure of a 4160 VAC junction box for a 
5000 horsepower circulating water motor. There were no noted 
surface temperature abnormalities. 
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Figure 2. Catastrophic failure of a 4160 VAC junction box for a 
5000 horsepower circulating water motor. There were no noted 
surface temperature abnormalities. 

 
Thermal imaging of this motor junction box, done on a six month frequency, either did not reveal a 
noticeable temperature increase on the surface of this junction box, or the thermal data obtained was not 
recognized as as abnormal or significant.  

There are three of these motors in continuous operation when the station is at full power. Thermal 
imaging was performed on the other two redundant motor junction box covers immediately after this 
failure to determine if there was a similar issue in either.    

 
Figure 3.  Thermogram of redundant 4160 VAC Circulating 
Water motor junction box prior to cover removal to perform 
thermography and visual inspection  

Thermal imaging of the redundant motor junction box was performed prior to removing the cover. This 
was done so that if a thermal issue was found when the cover was removed, it could be correlated to a 
surface heating delta T on the junction box cover surface. There was a 3 degree F. variation in surface 
temperature noted across this cover. 
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Figure 4.  Thermogram of redundant 4160 VAC Circulating 
Water motor junction box after cover removal to perform 
thermography and visual inspection  

Thermal imaging after the cover was removed revealed this abnormality in the same location as the 
catastrophic failure in the other motor. This anomaly would not have been found without removing the 
cover based upon the surface heating pattern previously noted on this junction box cover. 

 
Figure 5.  Redundant 4160 VAC Circulating Water motor 
junction box after cover removal to perform thermography and 
visual inspection  

When this overheating condition was found internal to this motor junction box, with no noted surface 
temperature indication, it became obvious that something needed to be done to facilitate predictive 
monitoring. A decision was made to pursue the installation of IR viewing windows. Engineering staff 
evaluated and approved design modification documentation to allow the installation of viewing windows in 
accordance with limitations to not undermine the structural integrity of the panel. 
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Figure 6.  Typical Infrared Viewing window installation  

 
While the installation of viewing windows was a significant step forward in improving the infrared 
thermography program, there were still limitations. High voltage non-segregated and isophase bus ducts 
had not been considered initially as candidates for this modification considering the expense and the 
belief that duct cover monitoring was effective enough. This belief will be more obvious in light of the case 
2 results. 

Case 2: 4160 VAC Non-Segregated Bus Anomaly Noted By Monitoring Duct Housing 

Using surface temperature monitoring of enclosed 4160 VAC non-segregated bus ducting, a section of 
the duct was noted with what was determined to be abnormal heating relative to the remainder of the 
duct, and an adjacent duct. Arriving at this “problem/no problem” determination is the most difficult aspect 
of this monitoring process, as there is no direct view of the connections under test, and other variables 
such as uneven bus loads can complicate the conclusion even more. It is far easier to conclude that this 
elevated heating is a normal condition for this particular bus, rather than risk the chance that your 
identified “problem” is nothing at all when the cover is removed. 

  

Figure 7.  Thermogram pair showing warm bus duct housing relative to adjacent ducts 

 

In looking at these two thermograms it is obvious that one duct is warmer than the others. But is it 
abnormal and is it a serious problem? The upper duct is similar in design and construction, but it only 
carries one-half of the load of the lower duct. The near duct is a 6900 VAC duct that again has less 
current load than the warmer duct.  
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The final conclusion reached was that this section seemed abnormally warm although not significantly, 
and that an IR window should be installed here to perform more detailed monitoring. The work was 
scheduled for a long term maintenance shutdown. 

  
Figure 8.  4160 VAC Non-segregated Bus Duct overheating damage.. 
 
Extensive damage was found when removing the bus duct covers for IR window installation. Although the 
determination that a problem existed was correct, the significance of the problem was grossly 
underestimated. This component remained in service and was a safety risk for longer than it should have 
been due to the severity assessment error. Visual and thermal observations of this connection through an 
IR window would have allowed for an accurate assessment of the damage and the condition severity. It 
was clear that in order to perform thermography of these enclosed ducts, viewing windows were 
necessary. The planning, scheduling, and budgeting for installing infrared viewing windows in all of the 
enclosed bus ducts was initiated. 

Case 3: An Isophase Bus Duct Disconnect Link Failure Avoided Utilizing Installed IR Windows 

Of the initial batch of 350 IR windows that were installed following the case 1 catastrophic connection 
failure, one of the best window installation choices made was to install viewing windows on the isophase 
bus duct disconnect links to three 25 - 500KV GSU step-up transformers that deliver the power to the 
grid. These connections occur in an enclosed cabinet that is commonly referred to as the “doghouse” 

 
Figure 9.  Typical infrared viewing window installation for the 
isophase bus to main transformer disconnect links 
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Figure 10.  Typical isophase bus to main transformer 
disconnect link 

Thermography is routinely performed every 6 months on these connections as well as the entire 
transformer yard. Prior to IR window installation, the only assessment of condition possible was to monitor 
the temperature of the compartment bolted covers. While an abnormal temperature rise would be a good 
indicator of a potential problem, again the condition severity would be difficult, if not impossible to 
estimate. See figure 11. 

  

Figure 11.  Temperature differential of 26 Deg. F. noted on isophase to main transformer disconnect link housings 
prior to thermal imaging through the installed windows. 

 

  

Figure 12.  Internal heating noted inside the isophase 
bus duct to main transformer disconnect links. 

Figure 13.  Internal heating noted inside the isophase 
bus duct to main transformer disconnect links. 

This decision to remove this component from service immediately may not have occurred based solely 
upon the 26 degree rise noted on the external housing cover. That decision was easy based upon the 
direct thermal images obtained through the viewing window.  
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Note the temperature measurements of 309F – 503F obtained. The temperature rating for the silver 
plating on this connection is up to 800F, yet it is visibly dripping.  

The infrared radiation transmission through the viewing window glass is not 100%. The actual 
transmission percentage can be significantly lower than 100% depending upon the material used for the 
window construction. The obtained measurements through the infrared viewing window must be 
multiplied by a correction factor to compensate for the transmission losses of the particular window being 
used. Examples of typical correction factors used for our specific windows will be shown at the end of this 
paper. Transmission losses for your infrared imager utilizing your infrared windows will need to be 
calculated in order to measure temperatures. 

Case 4: A 4160 VAC Bus Duct Failure With No Indirect Temperature Measurement Warning 

Although a decision had already been made to install viewing windows in enclosed bus ducts as a result 
of the Case 2 bus overheating damage, the planning effort and expense budgeting was significant and 
time consuming. This next incident rapidly accelerated our priority to complete this project. The incident 
involved a 6900 VAC non-segregated bus and associated duct. Thermal imaging surveys were again 
performed on the external duct every 6 months. Our previous experience with this type of bus had been 
successful in at least detecting abnormal heating. Confidence was high that a serious anomaly would be 
detected prior to any potential failure.   

  

Figure 14.  4160/6900 VAC non-segregated bus ducts during routine semi-annual surveillance. .. 

The thermal images above were taken on 4/24/2009. The temperatures on all three ducts appear to be 
stable and reasonable. A catastrophic failure occurred very close to this recorded location on 08/05/09.  

  

Figure 15.  Catastrophic Failure of a 6900 VAC non-segregated bus 4 months after conducting a routine semi-annual 
surveillance of this exact location. 
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The catastrophic failure of this 6900 VAC bus occurred 4 months after performing a routine semi-annual 
surveillance. Thermal images taken (see Figure 14) did not reveal any indication of abnormal heating in 
this region. The failure mechanism was determined to be a high resistance connection of a bolted flexible 
link. The lack of any thermal warning of this impending failure destroyed all confidence in our ability to 
monitor enclosed bus by thermal viewing of the duct housing. 

A decision was made at this point that this facility would not be restarted before IR windows were installed 
at all bus connection locations. Facility startup schedules now provide windows of opportunity during 
startup to acquire baseline thermographic temperature measurements at low current loads, and again at 
various current loads up through full power. Increased frequency monitoring is still in progress acquiring 
full load temperature trending data.  

  

Figure 16.  Typical IR window placements for viewing bolted flexible links in non-segregated and isophase bus ducts 

 

  

Figure 17.  Typical thermal images obtained through IR window placements for viewing bolted flexible links in non-
segregated and isophase bus ducts. 
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Figure 17.  Typical thermal images obtained through IR window placements for viewing bolted flexible links in non-
segregated and isophase bus ducts 

The capability to perform reliable direct monitoring and temperature trending of internal bolted 
connections is now available following the installation of viewing windows in these bus ducts. There is no 
“flying blind” and there is high confidence in our ability to prevent future catastrophic failures.   

Case 5: Visual Monitoring Capabilities of Direct Viewing 

The ability to perform direct visual inspections of these once inaccessible bolted connections is an 
additional benefit that was not initially considered. While modern thermal imagers are capable of 
providing exceptional clarity and detail, there is value in having the ability to get direct visual perception of 
what it is you are actually seeing with the imager. 

  

Figure 18.  Digital pictures obtained through installed IR windows providing direct images of the more than expected 
disconnect link flexing due to bus thermal expansion. 
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Figure 19. Digital pictures obtained through installed IR windows providing direct images of the more than expected 
disconnect link flexing due to bus thermal expansion. 

Thermal expansion of some electrical bus is compensated for by having flexible links installed between 
bus bar sections. The expansion in this example was greater than anticipated, resulting in an outward 
flexing of the links. This caused there to be a potential for less than required clearances between adjacent 
bus phases, as well as the bus housing itself. This was conservatively addressed by installing “sock” type 
insulboots that minimized the outward flexing of the braided links.  

The point is that this condition would never have been noted without the direct viewing capability provided 
by the newly installed IR windows. 

Case 6: Current Anomaly Detection and Trending  

After the installation of the bus duct IR windows, an “intermediate severity” thermal anomaly was noted 
during startup and routine predictive thermal imaging. The relatively low phase to phase temperature rise 
noted is not significant enough to provide a duct surface temperature rise that would be recognized or 
correctly classified for severity without the use of the new viewing windows. With the confidence in the 
temperature rise information that can now be obtained by viewing through the IR windows, and the ability 
to perform increased frequency monitoring of this flexible link location to detect any further degradation of 
this connection, reasonable service recommendations can be provided until such time as a repair can be 
performed. The repair can be performed during a convenient maintenance window instead of 
unnecessarily removing the equipment from service to repair a condition that may not be necessary to 
repair at this time. It is also not likely that another catastrophic failure will occur because we didn’t know 
this condition existed. 
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Figure 20.  Intermediate Severity Thermal Anomaly Detected 
Utilizing IR Windows For Routine Predictive Monitoring. 

 

Understanding Your Imager/Viewing Window Combination 

As previously touched on, it is vitally important that the thermographer understand the effect viewing 
through an IR window has on the quantitative information that the imager is providing. An IR window is 
not totally transmissive to infrared energy. The camera/lens/window combination that will be utilized 
needs to have correction factors determined by controlled temperature measurement exercises that will 
compensate for the partial opaqueness of the viewing window to infrared radiation. A sample chart below 
illustrates the data needed to determine that correction factor for your specific equipment combination.  

There are two different manufacturers IR viewing windows in use in this facility. Two different correction 
factor charts are required to obtain accurate temperature measurements depending upon which 
manufacturers’ window is being used.  

BlackBody Set 
Value 

Camera X Direct 
Response 

Thru Sightglass X 
Response 

Actual 
Transmission 

Correction Factor 

100F 103F 98F .95 1.05 

150F 149F 137F .919 1.09 

170F 172F 157F .91 1.10 

200F 201F 182F .905 1.10 
Table 1. Temperature correction factors necessary for camera X / Window X combination. 

BlackBody Set 
Value 

Camera Y Direct 
Response 

Thru Sightglass Y 
Response 

Actual 
Transmission 

Correction Factor 

120F 122F 97.5F 0.8 1.25 

200F 201F 142F 0.71 1.42 

300F 299F 203F 0.68 1.47 

340F 338F 228F 0.67 1.48 
Table 2. Temperature correction factors necessary for camera Y / Window Y combination. 
 

As illustrated above in these charts, there can be a huge difference in infrared transmission ratios 
between manufacturers depending upon what material was used to construct the window. 
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Special Camera Considerations for Viewing through IR Windows 

There is only one camera equipment consideration that I have found is immensely valuable for viewing 
thru IR windows and that is the use of a 90 Degree FOV lens with your camera. The additional field of 
view is invaluable for getting a great view through a small viewing window. Remember to create 
correction factors for the use of this lens through the windows being used. 

SUMMARY 

The installation of Infrared Viewing windows on inaccessible electrical equipment can provide a much 
more reliable and informative alternative to assessing critical equipment condition than can be obtained 
by monitoring the surface temperature of this equipments housing covers. In my personal experience, the 
expense has been recovered many times already and the safety consideration is priceless. 
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