
LTSH boiler tube inspection in power plant by in-house developed 
Robotic inspection system 

Rakesh Kumar Chakraborty and Kishore Aggarwal  

NTPC Energy Technology Research Alliance (NETRA),  

Plot No. 3E, Udhyog Vihar, Sector-Ecotech-II, Greater Noida, Uttar Pradesh,  

INDIA 

rakeshch@ntpceoc.co.in  & kishoreaggarwal@ntpceoc.co.in  
 

Keywords: LTSH, Robotic, Inspection, Crawler, Visual, Boiler, Tubes, Power plant 
 
Boiler Tube failure is the prime reason of the forced outages at Fossil power plants. The generation 
loss due to the non-availability of the units, the compulsions to complete the inspection in the 
shortest possible time and the lengths of the tubes for inspection necessitate the use of robotic 
inspection systems in Boiler. Currently, there are no robotic inspection instruments available for in-
situ LTSH coils which can access the tube erosion. The spacing between the two coils is ranges 
from 50 mm to 100 mm and the depth of the coil ranges from 1 to 3 meters. The numbers of such 
coils are in the range of 100 to 150. Due to geometrical constraints, these tubes are to be lifted by 
cutting hanger joints and coils for performing inspection on them. In the limited time of 
overhauling, each and every coil cannot be lifted for inspection. Based on experience and 
preliminary inspection, the coils are selected for lifting and inspection and repair is done. This effect 
the reliability of the maintenance work and sometimes this may leads to tube leakage during 
operation.  
 
NTPC Energy Technology Research Alliance (NETRA) developed robotic system for LTSH tube 
inspection comprises two Crawlers, one is moving on horizontal tubes and other moves vertically on 
guide channel. The horizontal crawler holds the vertical guide channel and moves on the top tubes.  
The vertical crawler is carrying three high resolution cameras for capturing wide scan of tube 
surfaces.  The control unit comprises display screen, digital video recorder, motor controllers and 
tube counter. Using this Robotic system, it is possible to inspect inaccessible area of LTSH coils, 
and localized erosion can be identified using three high resolution cameras mounted on robotic 
crawler. This system is used for visual inspection at different NTPC stations for 500 MW, 200 MW 
and 110 MW units and produces good results.  

Introduction 

In power plant, there are many types of equipment and processes involved to produce electric 
power. The increasingly competitive environment for power generation demands that utilities 
pursue all available options to lower power production costs. Typically, this means striking a 
balance between reducing maintenance costs and ensuring reliability without compromising safety. 
Overall inspection of complete equipment is not possible with existing manpower and inspection 
instruments. Automation helps in increasing the reliability of the system or equipment without 
involving human risk.  

Boiler Tube failure is the prime reason of the forced outages at Fossil power plants. To prevent 
unexpected failure of the tubes, it is necessary to investigate their current state. The generation loss 
due to the non-availability of the units, the compulsions to complete the inspection in the shortest 
possible time and the lengths of the tubes for inspection necessitate the use of robotic inspection 
systems in Boiler. An outage in the form of Boiler tube leak for a typical 500 MW units costs 
almost few million rupees for bringing back the unit and thus adds up extra cost to the generation. It 
is for this reason that Boilers in NTPC are comprehensively planned for periodic inspection. Any 
reduction in forced outage will improve the availability of the system. The entire operation of boiler 
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tube inspection is spread over 10 to 12 days, which is highly complex and labor intensive. All these 
activities are currently done under heavy manual intervention and supervision. Hence automation in 
these activities is going to reduce the unit down-time considerably and reduce the cost of power 
generation. NETRA has taken up an initiative to develop robotics mechanism for boiler tubes 
integrated with sensors, and developed an automation mechanism for boiler LTSH tube inspection, 
thus attempting to improve the plant availability.  

Geometrical Complexities 

Boiler tubes of the fossil power plants consists of hundreds of steel tubes with diameter varying 
from 38 mm (Economizer) to 63 mm (water wall tubes) and over 75 m height. LTSH coils tubes are 
the boiler tubes which heat the low temperature steam and are located after all the super heaters. 
LTSH tubes are more prone to erosion because ash particles become more abrasive as the 
temperature drops. The high velocity flow of ash particles impeaches the tube surface which results 
in erosion. The diameter of LTSH tube is 44.5 mm with a longitudinal pitch of 96 mm and 
transverse pitch of 114.3 mm as shown in Fig-1. The spacing between the two coils ranges from 60 
mm to 120 mm and the depth of the coil ranges from 1 to 3 meters. The numbers of such coils are in 
the range of 150 to 250. LTSH Coil is supported by hanger tubes, namely K, L, M and N hangers as 
shown in Fig-2.  Due to geometrical constraints, these tubes are to be lifted by cutting hanger joints 
and coils for performing inspection on them. In the limited time of overhauling, each and every coil 
cannot be lifted for inspection. Based on experience, the coils are selected for lifting, inspection and 
repair. This affects the reliability of maintenance work and may sometimes lead to tube leakage 
during operation. 

 

 

 
 

Fig. 1: Schematic diagram showing the longitudinal and transverse pitch. 
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Fig. 2: LTSH tube supported by four hangers 

In-house developed robotic system 

NETRA has developed an in-house Robotic Device for inspecting the condition of LTSH tube 
surfaces in a coil normally used in Boiler.  The developed Robotic device comprises two Crawlers, 
one is moving on horizontal tubes and other moves vertically on guide channel. The horizontal 
crawler holds the vertical guide channel and moves on the top tubes.  The Camera mounted on 
Vertical crawler transmits the video signals of all the tube surfaces.  The control unit as shown in 
Fig-3 comprises display screen, digital video recorder, motor and tube counter. The developed 
inspection system is portable in nature and helps the operator to identify the defect without lifting of 
coiled tube. The concept of the robotic inspection system is shown in Figure-4. 
 

 
Fig. 3: Concept of Robotic Device 

 
The vertical crawler attached to the vertical guide channel connected with horizontal trolley is 
shown in Fig-4. Vertical crawler is motorized, remotely controlled and attached with the vertical 
guide with the help of magnet. The three high resolution cameras are mounted on the vertical 



crawler to give a wide view of tube surface. The vertical guide channel is 1.7 m long and made of 
mild steel. Horizontal crawler is manually driven with the help of handle attached on the top of 
vertical guide. Motorized Horizontal crawler is also developed but it is very bulky to handle in its 
present form.  
 

 
Fig. 4: Vertical crawler attached to the vertical guide channel  

attached with horizontal trolley 
 

 
Fig. 5: Control Unit of In-house Developed LTSH Inspection system 

 
The Control unit developed has different controls of movement as shown in Fig-5. The vertical 
crawler is connected to control unit by multi-core cable. The images from three cameras are 
displayed on screen and can be recorded in the hard disk with the help of control panel provided. 
The movement of vertical crawler is also controlled and can be adjusted by the speed control knob. 

Inspection Methodology 

During the implementation of the system, it is found that after few visual calibrations of the erosion 
affected areas on tube, the system is useful for visual inspection in LTSH tube. The localized 
erosion can be seen on the screen and site engineer can easily assess its severity and categories 
mainly in three types of erosion namely light erosion, erosion and heavy erosion as explained using 
screenshots as below. 
 



 
Fig. 6: Light erosion in the LTSH Tube in a 500 MW boiler. 

 

Light erosion is the condition of the tube when small area is eroded marginally. This type of erosion 
may be ignored but needs to be monitored during next overhauling as this erosion is just started or 
erosion is due to small misalignment of the tubes.  As Shown in Fig -6, the tube surface is eroded 
very marginally in small area, as there is no distortion in curvature observed during robotic crawler 
movement, so it is classified as Light Erosion. 

 

 
Fig.7: Erosion found in the LTSH Tube in 500 MW boiler. 

Erosion is the condition of the tube when large area with marginally thickness is eroded as shown in 
Fig-7. In this tube, affected area due to erosion is appreciable and the good amount thickness loss 
was observed during vertical movement. This type of erosion may not be ignored as this may be 
converted into Heavy Erosion with time and may lead to failure during operation. 

 
Fig. 8: Heavy Erosion found in the LTSH Tube in 500 MW boiler. 

 

 
Fig. 9: Heavy Erosion found in the LTRH Tube in 500 MW boiler. 



Heavy Erosion is the condition of the tube when large area with appreciable thickness is eroded and 
should not be ignored as it may lead to failure during operation. It is identified with the notch 
formation and curvature distortion. In Fig-8, tube surface has lost the thickness to large extent and 
can be identified with the flatness and the curvature distortion. In Fig-9, LTRH tube surface is 
shown, where flue gas flow is from bottom to top. The notch formed at the bottom side of the tube 
and heavy thickness loss was observed during vertical motion of the robotic crawler. 
 
 

 
Fig. 10: Damaged Clamp found in the LTSH Tube in 500 MW boiler. 

Damages in the clamps are also identified using the robotic system as shown in Fig-10. The clamp 
keeps the tube aligned and misalignment makes the tube to come in flow path and hence erosion 
will take place during operation. This needs to be corrected for maintain the reliability of the boiler. 

Results and Conclusions 

NETRA team carried out complete visual inspection of LTSH/LTRH coils using in-house 
developed LTSH robotic inspection system at different station in NTPC. Using this Robotic system, 
it is found that tube erosion can be accessed without lifting it and site engineer can easily assess its 
severity and categories mainly in three types of erosion namely light erosion, erosion and heavy 
erosion. In Table-1, the results of robotic inspection at different NTPC stations are shown. It is 
evident from the Table-1 that the system is able to perform inspection in different unit size. 
 

Table 1: Robotic Inspection performed in last one year  

 



The extent of erosion depends upon the plant age, coal condition and other operating parameters but 
the system gets matured over the period of time and the time for inspection is drastically reduced. 
 
The leakages reported by the respective sites before one year and after robotic inspection are 
collected and shown in Table-2. It is vibrant that the use of robotic system helps in achieving the 
reduced forced outages of plant units by providing the effective means of visual inspection during 
small period of overhauling. 
 

Table 2: Tube Leakages reported before and after Robotic inspection 

 
 
The results are very much encouraging as it saves inspection time drastically and reduces 
unnecessary cutting and welding tube joints at several locations for lifting a coil. The system is 
found to be helpful for the site for visual inspection. 
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