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Introduction 

Without a doubt, thermal imaging is the 

fastest and most cost-effective means of 

quantifying the health of an arrester. This 

method has been developed over the past 30 

years as the use of the thermography 

equipment has become more effective. 

Shown below in Figure 1, is an example 

where the two distribution arresters on the 

right are hotter than the farthest arrester on 

the same structure.  An image like this 

instantly tells the user that there is a failure in 

the works in two arresters.  

 The following topics are covered in this 

paper: 

• Why thermal imaging works on 

arresters 

• Guidance on how to optimize thermal 

imaging as an arrester maintenance 

option  

• Recommendations regarding what 

temperatures are important 

• Numerous thermal imaging examples 

• Considerations when using this 

maintenance option  

 

   

Why Thermal Imaging Works on Arresters 

All surge arresters today are manufactured 

using metal oxide varistor technology.  The 

fundamental arrester components of this 

technology are basically the same for all 

manufactures.  Figure 2 is an example of a 

polymer distribution arrester; however, many 

station class arrester designs consist of the 

same basic components.   

 

Figure 1   Infrared Thermal Image of Distribution Arresters 

 

Thermal Imaging of Arresters 
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The Zinc Oxide (ZnO) based varistor is a 

variable resistor that is voltage sensitive.  This 

means that as the voltage changes, so does 

the resistance of the device. At normal system 

voltages, the resistance of the varistor is very 

high, in the Gig Ohms range.  If a surge event 

causes the voltage across the top and bottom 

terminals of the arrester to increase, the 

resistance will drop to as low as 1 ohm.  This 

unique variable resistance is what makes this 

device perfect for surge protection.  Since a 

lightning surge is a very high voltage, when it 

encounters an arrester, the arrester lowers its 

resistance and the surge current is directed 

through the arrester to ground. In redirecting 

the surge current, it keeps the surge voltage 

below the damage level of the protected 

equipment.   

Over the life of an arrester it is exposed to the 

environment, lightning surges, switching 

 

Figure 3    Tracking along an MOV disk from moisture 
ingress 
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surges, animals, and much more.  During this 

time, it can become damaged internally or 

externally to the point that the insulating 

materials that hold the arrester together can 

change their characteristics.  For example, if 

an animal comes in contact with the arrester 

an arc will be created from the top of the 

arrester to ground, and in the process of this 

it may damage the environmental seal.  Once 

the seal is compromised, moisture can get 

inside the arrester.  Moisture in an arrester 

may cause the insulating members (disk 

collar, wrap, or housing) to change its 

electrical resistance.  If the resistance drops 

significantly, it can begin to conduct current off 

the system.  In the process of conducting 

higher than 

normal 

leakage 

currents, heat 

is generated.  

This heat 

generation 

usually starts 

out low and 

increases with 

time.  At first 

the leakage 

current will be 

in the 

microamp 

range, but as it 

increases to 

milliamps, the 

amount of heat 

generated also 

increases. This 

lower 

resistance often manifests itself as arcing and 

tracking along the MOV disk as shown in 

Figure 3.  In Figure 4, a low resistance path 

along the side of the MOV disk/arrester has 

heated enough to burn through the rubber 

housing. 

Another potential source of heat in a failing 

arrester is when the varistors themselves 

change resistance and instead of being gig-

ohms at normal voltages, their resistance 

lowers to meg-ohms.  The reduction in 

resistance eventually can reach such low 

levels that they can heat the insulating 

material around the disks to levels that burn 

and discolor them.  This is shown in Figure 5. 

In both of these examples, the heat from the 

conduction will raise the temperature of the 

arrester well up into the detection level of 

infrared thermography.   

 

 

Figure 4    Tracking that has 
burned through the fiberglass 
wrap and rubber housing 

 

 

Figure 5    An example of disks heating the arrester, 
and in this case hot enough to change the color of the 
fiberglass wrap 
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A third heat generator in a failing porcelain 

housing or hollow core polymer housed 

arrester is from partial discharge. This is 

usually found in higher voltage station class 

arresters and occurs when internal 

components are electrically overstressed 

during periods when the electrical ground 

plane is raised up along the outside of the 

housing due to rain or snow.   This partial 

discharge may not cause enough heat to be 

distinguished by thermal imaging, but the 

resulting ozone gasses can degrade the disks 

to a point where they will conduct enough 

leakage current to increase the temperature 

of the arrester.  Figure 6 shows an example of 

how internal components can be degraded 

from the effects of ozone gases generated by 

partial discharge   

Even though Gapped Silicon Carbide 

arresters have not been manufactured in 

years, there are still thousands of them still in 

service today that require monitoring. Even 

with this old technology, a long-term failure 

will result in heat being generated. A common 

cause of heat is degradation of the gap 

material or degradation of the material that 

holds the gaps apart.  This material was 

designed to conduct small amounts of current, 

but as the arrester ages and the gap 

degrades, the current level increases.  This 

increase in conductivity along the gaps will 

also produce heat that is easily detected by 

infrared thermography.  

 

Figure 6 Results of long-term partial discharge in a porcelain housed station class arrester on internal components 

 

 

Figure 7:  Gapped Silicon Carbide Porcelain Housed 
Arrester showing components that can generate heat 
during long term failure 
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Optimizing Thermal Imaging of Arresters 

If Thermal Imaging is a method you choose to 

monitor the health of an arrester, there are 

several actions you can take to optimize this 

effort.  

Time of Day 

Since the temperature of an 

arrester mounted outdoors is in 

constant state of flux, measuring 

the temperature after midnight 

and before sunrise will give the 

most accurate temperature 

reading which in turn will result in 

the most accurate health 

indicator.   Figure 8 shows how the 

temperature changes due to sun 

load during the day.   

Observe 3 Arresters at a Time 

For optimal assessment of the 

arrester temperature, compare 

similar arrester temperatures.    

The absolute temperature of the 

arrester is not as important as the difference 

between similar units.  Comparing the 

arrester’s temperature to ambient can also 

reveal an issue but can be misleading if there 

is solar load or heat from a nearby 

transformer.   

Frequency of Observation & 

Recommended Actions 

Partner arresters on the different phases of a 

line should have temperature readings that 

are very close to one another, if this is true an 

observation frequency of approximately every 

six months can be used.  If this is not the case 

the course of action depends on how great the 

temperature differential is.  For a delta T of 

10C or greater the arrester(s) should be 

removed if possible or monitored closely.  

Since one single temperature reading only 

indicates an issue, it takes several readings to 

get a slope of the temperature.  It is suggested 

that the observation frequency be weekly for 

an arrester that is running hot.   If there is very 

little change in temperature differential the 

observation frequency could be increase to 

monthly. However, it needs to be 

remembered that there is no definitive time for 

when an arrester will fail once it starts to run 

hotter, so the owner must define how critical a 

failure will be and the necessary actions.  

Equipment Recommendations 

There are numerous thermal cameras 

available on the market and most are 

excellent for this application.  Two features 

that are recommended are:  

1. Long distance lens so that only the 

arresters are in view.  

2.  2. A resolution of .5C minimum is 

recommended.  

If the arrester is located in a highly critical 

location, a live streaming thermal imaging 

device can be installed.   

Figure 8:  Daily Surface Temperature of an Outdoor Arrester 

Cycle (Summer in Northern US) 
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Figure 10:  Typical Riser Pole Arresters in a Substation 

 

Typical Thermal Images and Reports 

  

 

Figure 14:  Typical Station Arresters in a Substation 

 

 

Figure 12:  Typical Line Entrance Station Arrester in 
Substation 
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Figure 11:  Typical Intermediate Arresters in a Substation 

 

 

Figure 13:  Low Side Station Arrester showing false hot due 
to location near a radiator 

 

 

Figure 9  Typical Thermal Imaging Equipment with Lens 
for Stations 
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Figure 15: Typical Thermal Imaging Report on Arresters 
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Considerations with Thermal Imaging 

The use of thermal imaging as a means of 

asset management for arresters is among 

the best options available in today’s market.   

To ensure that the desired results are 

achieved there are several considerations 

that need to be taken into account. 

To measure the health of a surge arrester 

using this method, the arrester needs to be 

energized.  If the arrester has been de-

energized for some time, it will not show a 

temperature differential, other than that 

caused by the environment.  

Sun load and transformer radiator locations 

can cause a false reading.  

The equipment can be expensive but if used 

extensively, it’s ROI is excellent. 

An arrester that shows a warm profile can be 

moments or years away from failure, it is 

difficult to tell with one reading.  

Because this is a periodic reading, failure can 

occur between readings without notice.  If 

this were a constant reading, a warning alert 

could indicate a failing arrester.  

This arrester monitoring method works well 

on all arresters that have the varistors 

energized full time. For arresters with gaps, 

the disks are likely not energized except 

during an impulse.  Therefore, a general rule 

is that externally gapped and some internally 

gapped arresters cannot be monitored by 

this method.  

Porcelain and Polymer Housed arresters are 

effectively monitored using this technique. 

Sometimes the emissivity setting on the 

imaging equipment may need adjustment for 

the different materials.    

 

 

Summary 

Thermal imaging is the best available 

method to monitor the health of an arrester.  

It is fast, cost effective and has significant 

experience in the field.    

To get the most out the use of thermal 

imaging the user and owner of the arresters 

must be diligent in the methods used for data 

collection, as well as data review.  Knowing 

that the time to failure of an arrester running 

hotter than expected is an unknown, steps 

should be taken to identify how critical a 

failure will be, and the appropriate steps 

followed.   

Maintaining a comprehensive thermal 

imaging program can be very useful in 

avoiding arrester failures on the system. 

This paper and companion video is 

sponsored by NEMA 8LA Arrester Section, 

who encourages you to keep on leaning. 

 

 

 

 

 

  


