
 

InfraMation 2012 Proceedings 2012-057 Tezak 

Why Is the Thermographic Inspection of New Power 

Plant Stations Necessary? 
 
Bojan Tezak 
Terming termografija d.o.o. 
 

 
 
ABSTRACT 

Thermographic inspection of high voltage transformer stations is one of the first activities in the annual 
predictive maintenance calendar of Electro-Slovenia d.o.o. (ELES). ELES is a public company responsible for 
the high voltage transmission network and high voltage transformer stations in Slovenia. Thermographic 
inspection of high voltage devices has been their regular, common practice for the past 20 years. During this 
period, our company, which provides outsourced thermographic services, has found a number of serious 
faults, especially on older equipment.  
 
The renovation of old switchyards has happened gradually, but continuously. At this point in time, almost all of 
the substations are restored. In the beginning, it was thought that thermographic inspections of new 
equipment was not necessary, since the devices were under warranty and the contractor guaranteed proper 
installation. Due to this unfortunate assumption, we missed the opportunity to make an initial thermographic 
inspection of the first renovated station. The next year, during a regular thermographic examination, a huge 
fault in this same station was discovered, luckily in time. 
 
Since then, thinking has changed. Each newly renovated switchyard is thermally inspected at the first 
possible opportunity. This paper presents some examples of faults in new high-voltage devices detected by 
thermographic inspections. Undetected, these faults could cause serious damage. 
 
INTRODUCTION 

Why should a newly-built plant, exhibiting no visible abnormalities and functioning normally, need to be 
thermally inspected? Men are fallible creatures, that’s why! Man-made errors can arise in poor design, poor 
equipment selection, and improper installation. The examples described in this paper serve to illustrate the 
necessity for thermographic inspection. 
 
If we assume that under loaded conditions, there are no observed temperature anomalies in the equipment, it 
means there is no problem. During the inspection, temperature differences revealed by the infrared image can 
alert the thermographer to focus on potential problem areas. Remember, however, that the camera does not 
detect real temperatures. It shows apparent temperatures which are calculated from both the amount of 
incoming infrared radiation from the object in question and the parameter settings on the camera. Received 
IR radiation is highly dependent on an object’s ability to radiate IR energy, which is defined by the emissivity 
factor. New, polished metal devices have highly reflective surfaces that emit very little infrared energy even 
when they are actually at very high temperatures. Therefore, the thermographer must be very careful not to 
miss overheating on such devices.  
 
The thermographer’s first task is to discover the anomaly. The second step is to define it. Key parameters in 
this regard are the emissivity value of the measured surface and the thermal camera’s spatial resolution 
capability. The use of an additional telescope lens to determine the absolute temperature of the object from 
long distances is usually necessary.  
 
Taking into account the load current, device type, direct or indirect view, etc., the thermographer can make a 
first assessment of the severity of overheating. There are no rules on how long a device can operate while 
overheated without catastrophic consequences. For this reason, from the thermographer’s perspective, even 
the smallest thermal anomaly would receive a physical examination at the earliest possible opportunity in 
order to determine if further action is needed. Unfortunately, this is not always possible. Some devices simply 
cannot be switched off at the desired time. A whole host of criteria, which could be very specific for each 
station, influence the decision of the responsible party about when repairs may be scheduled.  
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Fortunately for ELES, in our inspection, all of the documented cases of overheating, despite some definite 
risks, were resolved in time so that serious failures did not occur. The ELES maintenance staff tries to resolve 
any overheating issues as soon as possible.  
 
110 KV BUS BAR CONNECTION   

The first IR survey of a new substation was carried out more than two years after construction. Some minor 
errors were found. The next year, during the regular annual thermographic survey, a serious hot spot was 
discovered.  
 
Figure 1 shows the IR/visual images of the bad 110 kV bus connection. The device was loaded with a current 
of 1134 A, representing 71% of maximum load. The usual load is between 60% and 65% and rarely exceeds 
70%. Excessive temperature rise, especially considering the extremely low February ambient temperature, 
was very high. 
 

   
Figure 1.  IR/visual images showing 110 KV bus connection problems. 

 
The fault shown in Figure 1 is located in a power transformer field, powered from a nearby important power 
plant. According to the safe mode of operation protocol, which ensures the power plant operates safely in 
emergency situations, it was not possible to perform the switch out immediately and repair the connection. In 
addition, switching over to another bus bar system for a significant amount of operating time could endanger 
the safety of the plant. Therefore, conscious of the risk they were taking, the personnel in charge decided to 
continue operating until a planned outage, six months later. 
  
Figure 2 shows the terminal at the moment of hot spot detection and the same terminal 6 months later, just 
before replacement. It is evident that a few wires have already broken. 
 

   
Figure 2.  Left, clamp at the moment the hot spot was detected   in the thermal image shows no visual evident of 
malfunction. Right, the same clamp 6 month later, just before remedial action. Defective wires are clearly visible. 
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Figure 3.  Left, the same damaged cable, now disassembled .  Right, burnt wire remnants are visible in the open clamp. 

 
The original cause of the bad connection was never explained in detail. However, it was almost certainly a 
consequence of poor workmanship. The bad connection initiated internal micro arcing which progressively 
melted wire after wire. Undetected overheating could result in a complete string break, earth fault, and serious 
failure. During remediation action, the workers took special care to avoid a similar mistake. The 
thermographic survey, after clamp replacement, confirmed successful repair. 
 
POOR CLAMP CONNECTION  

Our belief that thermographic inspections should be performed on all newly installed equipment was 
strengthened by the discovery of the next hot spot shown in Figure 4, an overheated connection to the 110 kV 
current transformer. This substation had been completely rebuilt five months before regular thermographic 
inspection.  
 

   
Figure 4.  Thermogram/photo pair showing connection problem to the 110 KV current transformer. Light snowfall, which 
can be seen on the photo, did not mask high overheating.  

 
A cold and cloudy winter day in February was ideal for this thermographic inspection. Towards the end of the 
survey, it began to snow lightly, as is evident on Figure 4. The snow had little effect on our ability to detect the 
anomaly. Our experience has shown that even a low degree of overheating can be easily detected in light rain 
or snow. In fact, we far prefer to inspect on such days, especially when compared with the difficulties of 
performing a thermal evaluation on a hot, clear, sunny day, when solar heating can completely mask low 
overheating. Be aware of the fact, however, that increased precipitation can significantly reduce atmospheric 
transmission. During storm events, of course, lightning also poses a hazard, making walking inside a 
switchyard highly unadvisable. If you happen to be taken by surprise by a slight rain or light snow, as in our 
case, you can protect yourself with a raincoat and cover your IR camera with a thin plastic bag to reduce 
transmission. Do not, under any circumstances, use an umbrella for self-protection. Any extension above your 
head significantly reduces the safe distance from high voltage devices. Safety is always paramount. 
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Figure 5.  Visual camera comparison of overheating discovered on the connection to the middle 110 kV current 
transformer shown in Fig. 4. Note that the built-in photo camera available in most modern IR cameras is simply not 
adequate for no-doubt documentation. In addition to a good thermogram, at least two high resolution visual images are 
necessary. An average price photo or video camera with zoom and flash capability can easily do the job. 

 
The wire was loaded with a current of 395A, which is 41% of the maximum permissible load and is a normal 
and constant load for this particular field, one of several power suppliers for an aluminum factory. A huge 
consumer of electrical energy, the factory must have a reliable power sources. The factory therefore feeds 
from three other sides. All four power sources together can meet the total factory energy demand. 
 
Immediately after the overheating was discovered, an extraordinary shutdown of incoming transmission lines 
was required. The next day, the connection was repaired. The clamp had overheated because it was not 
tightened with prescribed force.  
 
Due to this immediate action, the clamp was not damaged and did not need to be replaced. It was cleaned 
and tightened with the specified torque force. Repair costs were minimal and were covered by the outsource 
contractor who had initially installed the equipment since it was evident that the error was due to poor 
workmanship.  
 
An undetected hot spot could have resulted in damage to a current instrument transformer and an unplanned 
transmission line outage, significantly affecting the reliability of the aluminum plant production. If some of the 
other supplier transmission lines had not been in operation, due to maintenance or other reasons, the current 
through the clamp would have significantly risen. Clamp overheating would have increased substantially and 
the accelerated damage could have finally resulted in loss of field. An uncovered fault of this nature could 
necessitate replacement of the damaged current transformer, current clamps, and primary connections, all of 
which carry high costs, not to mention the cost of reduced production due to reduced energy supply. 
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400 KV CURRENT TRANSFORMER FAULT  

During a regular thermographic survey in February, we discovered what at first sight was a relatively low 
overheating connection to the new 400kV instrumental current transformer which had been installed only a 
few months earlier (Figure 6). 
 

   
Figure 6.  Thermogram/photo pair showing a connection problem to the 400 KV current transformer. The maximum object 
temperature doesn’t indicate the severity of the problem.  

 
The device was loaded with a current of 439A, which represents 22% of maximum load. The normal load is 
between 10% and 30%. To my surprise, the image taken with our photo camera using a 10x telephoto zoom 
revealed an almost completely unwound screw (Figure 7). 
 

   
Figure 7.  Left, unwound screw indicating a hidden fault. Right, one of the damaged screws. 

 
A screw on the part, which is factory- mounted and is an integral part of a current transformer, was not 
sufficiently tightened. Due to vibration during transport and during operation, it began to unscrew. This is an 
example of a very obvious mistake by the manufacturer. 
 
This case also demonstrates that even apparently low overheating can be very dangerous. Such damage 
cannot occur at a temperature of 36.1 °C. We can assume that at the place of poor contact a micro arcing 
occurs. The local high temperatures cause local melting of metal. Although catastrophic on a micro level, this 
has a minor effect on the temperature rise of the total solid block due to its large mass.  
 
It is also extremely difficult to measure the absolute temperature of the flat and highly reflective new terminal 
surfaces. The highly emissive overheated screw heads plus the geometrical features of the terminal (which 
act as little black bodies) made it possible that this failure could have been overlooked.  
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Add to these factors the long distance at which the IR measurement was performed, and it becomes clear 
that the measured temperature is too low and unrealistic. The thermogram was made with the FLIR PM675 
camera with 24° lens. The geometrical resolution or instantaneous field of view (IFOV) was 1.3 mrad. At the 
distance of about 7m, this means a 9 mm IFOV, which is almost equal to the diameter of the screw. For 
reliable temperature measurement, the measurement field of view (MFOV) should be at 3x3 IFOV. So, for a 
reliable temperature measurement in this scenario, we would need at least a 27x27 mm square size uniform 
surface. Such a surface is significantly larger than the screw diameter. This is another reason why the 
measured temperature was unexpectedly low. 
 
Taking into account all the aforementioned factors, the seriousness of the problem was not revealed at all 
from the temperature data in the IR image. We also see from this example that the visual image camera built-
in to the infrared camera usually does not help much in clarifying the problem. A separate and more capable 
video camera with zoom and flash capabilities is needed. 
 
Based on this experience, the maintenance staff visually inspected and physically checked all screws on the 
remaining current transformers in this and other switchyards. The original screws were replaced with longer 
ones. Nuts to prevent unscrewing were also added. Since then, a detailed review of all new equipment is 
performed prior to installation. The case also demonstrates that even very expensive equipment from a 
renowned manufacturer can have problems. Anywhere human involvement occurs, the possibility for error is 
present.  Man is fallible. 
 

CRACKED CLAMP 

In the next case, we encountered our most critical error. The thermographic substation inspection was carried 
out in March with an outside temperature close to 7 °C. On the 400 kV switch disconnector, a highly 
overheated terminal was discovered (Figure 8). 
 

   
Figure 8.  Distance view of 400 KV switch disconnector fault location. 

 
The device was loaded with a current of 347A, which represents 18% of peak load. Normal load is between 
10 and 45%. Figure 9 shows the hot spot. 
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Figure 9.  Thermogram/photo pair showing connection problem to the 400 KV switch disconnector.  

 
The faulty disconnector was immediately switched out. The second bus bar system was inspected thermally 
and no overheating was found. For this reason, this system remained in operation until remediation could be 
scheduled.   
 
A close visual examination revealed a crack across almost the entire terminal width. Indeed, the current path 
was reduced to almost a quarter of its original cross-section. During disassembly, a terminal completely 
disintegrated (Figure 10). 
 

   
Figure 10. During disassembly, a terminal completely disintegrated. 

 
A reasonable explanation of this problem was that due to significant load fluctuations, especially during a 
period of low ambient temperatures, large mechanical stresses may have caused a brittle fracture of the 
terminal. 
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SUMMARY 

The human factor still plays a key role. Frequent errors are due to superficial and incorrect installation of 
components. While assembling new equipment, it is very important to strictly follow manufacturer’s 
instructions. Choosing a trustworthy, qualified, certified, and experienced maintenance company for 
installation and repair purposes is crucial. 
 
When human error occurs in the manufacturing process, we need to be even more worried. The end user 
gets a device with a hidden failure, which can cause a serious disaster sometime in the future. 
 
Predictive thermographic inspection, at least once per year, is highly recommended. Outdoor substation 
equipment is exposed to all sorts of weather conditions over the course of a year. A junction which, for the 
moment, is in good condition can cause a disaster the next year. Joints carrying variable load are particularly 
problematic because significant current load changes produce temperature variations and larger mechanical 
expansion which are not exactly reversible processes. 
 
In this paper, all incidents of overheating were discovered in time, so that failures did not occur. The cost for 
remediation compared with the possible damage caused by failure was negligible. These cited cases of 
overheating, and others we have encountered in the field, demonstrate that newly installed equipment is also 
vulnerable to failure and should be thermally evaluated as soon as possible. 
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