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ABSTRACT 
 
A typical application functions covering the steam pipes inner surface in Coal-fired power station and Nuclear 
Power Plants. The results of this process are spectacular in terms of protection against corrosion and abrasion, 
but its application has conditioning factors, such as: 
 
Severe application conditions for workers. Due to the postural position (usually kneeling) in small diameter 
pipes and working with fireproof clothing and masks with outdoor air supplying, due to fumes, sparks and 
molten metal particles, radiological contamination, confined space , poor lighting... 
 
Coating uniformity. As metallization is a manual process, the carried out measurements show small variations 
in the thickness of the coating, always within the tolerance limits established by the applicable regulations and 
Quality Assurance. 
 
For all these reasons, Grupo Dominguis has developed the TIRANT 3 ® robot, a worldwide innovative 
system, for metallization of steam pipes inner surface. TIRANT 3 ® robot is teleoperated from outside of the 
pipe, so that human intervention is reduced to the operations of robot positioning and change of metallization 
wire. As it is an independent system of the human factor, metallization process performance is significantly 
increased by reducing rest periods due only to the robot maintenance. Likewise, TIRANT 3 ® system permits 
to increase resulting coating uniformity, and thus its resistance, keeping selected parameters constant depending 
on required type and thickness of wire. 
 
TIRANT 3 ® system has successfully worked in 2010 during the stops refueling of the Units I and II of Laguna 
Verde Nuclear Power Plant in Mexico. 
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1. INTRODUCTION 

 
1.1. Introduction to Metallization by Electric Arc  
 
The process of electric arc metallization consists of the metallic coating of surfaces by means 
of the projection of cast metal of various alloys, generally an alloy based on stainless steel on 
supports generally ranging from steel to carbon. 
 
The electric arc system casts the alloy supplied in the form of wire arranged in coils, 
projecting by means of compressed air the particles cast on the surface so as to form a dense, 
cohesive, and perfectly adhered deposit (Figure 1). On reaching the surface of the part to be 
metallized, the material solidifies to generate a dense metallic layer, which depending on the 
type of material applied may serve as protection against flow assisted corrosion, wear and 
tear, abrasion, thermal or electrical conductibility, etc. 
 

 
 

Figure 1. Process of electric arc metallization 
 
One of the most important applications of metallization is on the inner surfaces of pipes for 
the exchanging and transporting of dry water vapour in Thermoelectric, Conventional, and 
Nuclear Power Plants [1]. The circulation of this dry steam at high temperature leads to flow 
assisted corrosion or corrosion-erosion of the steel owing to the process of cavitation, which 
consists of the local vaporisation of the liquid induced by a hydrodynamic reduction of the 
pressure [2]. As a consequence of this corrosion (Figure 2), and to prevent the pipes 
perforating at a certain moment which would cause an unprogrammed stoppage of the Plant 
with the resulting loss of generation of electricity, the inner walls of the pipes are protected 
with coating made up of various layers of alloys of cast metal. This coating has anticorrosive 
properties and is extremely hard and resistant to abrasion. In this way protection against 
corrosion is achieved together with an improvement in tribological properties (resistance to 
wear by friction of the water molecules contained in the steam on coming into contact with 
the wall of the pipe). 
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Figure 2. Corrosion on the pipe surface caused by FAC  
 
1.2. Determinants and Problems of Metal Spraying  
 
Although the results of the pipe metallization process are spectacular as to protection against 
corrosion and abrasion, the application of metallization involves a series of determinants and 
problems, which are: 
 
1.2.1. Problem 1: very severe working conditions for the application of the coating  
 
The application of metallization (Figure 3) requires a great deal of physical effort with 
frequent rest periods, which is mainly due to working in confined spaces, thermal stress, the 
use of independent and semi-independent breathing equipment, face masks… 
 

 
 

Figure 3. Position of the metallization worker inside a typical pipe 
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The person handling the gun projecting the cast metal has to work on his/her knees in a 
difficult body position in pipes with a diameter of about 1 metre and a length of some 20-25 
metres. Moreover, pipes with smaller diameters are left without maintenance as they are 
inaccessible to the operator. 
 
On the other hand, the process produces a large amount of toxic smoke and sparks and 
particles of cast metal, which means that the worker must have suitable means of protection, 
including fireproof clothing and masks with a supply of outside air. To this must be added 
specific measures of protection against ionising radiation if the work has to be carried out in a 
radiological area. Likewise, these particles and smoke tend to settle on the surface to be 
coated and have to be removed by compressed air.  
 
1.2.2. Problem 2: uniformity of the coating along the wall of the pipe  
 
Another inherent problem to the manual application of the coating is the uniformity of its 
thickness. When the process is carried out manually, it is harder to obtain a uniform coating 
layer (it is difficult to maintain a continuous thickness all along the length of the line and 
always within the threshold required). The measurements applied show variations in the 
thickness of the layers of the coating, although these thicknesses are within the limits 
established by the manufacturer for each layer. However, a reduction in the variation of the 
thickness (greater uniformity in each layer) would result in greater resistance and therefore 
greater surface protection. 
 
The positioning of the operator inside the pipe restricts his/her movements and the visual 
distance or perspective of the application of the coating, hampering this application and 
making it more difficult to obtain a uniform layer.   
 
1.2.3. Problem 3: doses received by the operator 
 
On working inside Cross Under pipes of BWR (Boiling Water Reactor) Nuclear Power 
Plants, the working conditions mentioned above are worsened with the addition of the dose 
received by the worker inside the pipe. 
 
With the automation of the work we estimate that there will be a reduction of the dose 
received of about 70%, as protection measures can be adopted against radiation with the three 
basic principles: distance, armour, and time. 
 
 

2. DESIGNING AND DEVELOPING THE TIRANT 3® SYSTEM  
 

With the aim of solving the problems of the manual application of metallization by electric 
arc, the companies Lainsa, Revanti, and Titania, all of which are Spanish companies 
belonging to the Grupo Dominguis, have developed the Tirant 3® System.  
 
The Tirant 3® System is a response to the need for a simple remote tool that removes the 
human factor from the application of the coating to achieve this in an automatic manner, 
which guarantees the obtaining of a uniform layer. 
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2.1. Requirements and Determinants in the Designing of the Tirant 3® System 
 

The designing of the Tirant 3® system has been a challenge for the technicians of the 
companies taking part in the project. This is because the robot must not only be capable of 
metallizing by depositing a uniform layer of the thickness desired on the wall of the pipe, but 
also of doing so under strict working conditions, which are as follows: 
 
2.1.1. Geometric determinants: 
 
The main geometric requirements to be taken into account in the construction of the robot are 
imposed by the geometry of the pipes where it has to work, and are as follows:  
 

• The work will be carried out in pipes with a diameter of between 30” and 42”  
• Access to the interior of the pipe will be through a manhole of 18” to 20”  

 
2.1.2. Environmental conditions  
 
The robot will be subjected to very severe environmental conditions in that: 
 

• On the projecting of cast metal on the surface of the pipe, high temperatures are 
generated inside it, owing to which the various parts of the robot have to be designed 
with this factor taken into account. 

• The metallization process gives off a large amount of smoke and particles that might 
damage the components of the robot.  

• When the pipe to be metallized is located on the primary side of the (BWR) Nuclear 
Power Plant, the robot will work in a radiological area. If the contamination of any of 
the systems making it up should occur, it should be easily decontaminated or 
replaceable. 

• The above conditions mean that workers need longer periodic rest periods than the 
robot, which can metal spraying for longer while the operator is outside controlling 
the cameras and the computer.  

 
2.1.3. Requirements of the application  
 
The thickness normally deposited on the dry steam pipes of nuclear power plants is around 
500 µm. This coating can be applied with a single material type or with several. The 3 layer 
system is the one generally used, i.e. using 3 threads of different materials: an anchoring 
layer, an intermediate layer, and a surface finish layer.  
 
The thickness deposited on the surface of the pipe depends on fo ur factors: the thread type 
used, the forward speed, the rotation speed, and the distance from the metal spraying gun to 
the wall of the pipe. Small changes in these parameters may considerably affect the result 
obtained.  
 
This was one of the greatest challenges when designing the Tirant 3® robot, as one of the 
initial requirements was the increase in uniformity of the resultant coating and hence its 
resistance.  
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It allows the increase in the uniformity of the resultant coating and hence its resistance on 
maintaining the selected parameters constant (forward speed, rotation speed, and distance), 
depending on the thread type and the thickness required. 
 
2.2. Development of the Project  
 
The Tirant 3® Robot Project has lasted for a 14-month period, which was broken down as 
follows:  
 

• Phase 1: Viability study, search for technical specifications, and preliminary design: 3 
months. 

• Phase 2: Designing, construction, and testing and modifications of a prototype unit: 7 
months 

• Phase 3: Final design of the Tirant 3® system, construction, and testing: 4 months 
 
During Phase 1 contact was made with the company Robotnik Automation, which specialises 
in the construction of Automated Guided Vehicles (AGVs); the Tirant 3® was developed with 
its collaboration. 
 
During Phases 1 and 2 an “almost real” 1:1 scale model (Figure 4) was constructed of the 
steam pipes of the Laguna Verde Nuclear Power Plant in Mexico (Central Nuclear Laguna 
Verde, CLV), as it was anticipated that this power plant would be the first to carry out 
metallization on these pipes by an automatic system [3]. This pipe has been used for the 
designing and operating tests for the Tirant 3® robot and for the training of the Spanish 
human team to take part in the development and the execution of the service. 
 

 
 

Figure 4: Model of the Cross Under pipe of the CLV for tests and training 
 
 
One of the most critical points in the development of the project was the adjustment of the 
robot’s operation parameters so as to deposit the desired thickness on the wall of the pipe. 
This thickness is a combination of 4 factors: 
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• Material of the thread to be cast 
• Forward speed 
• Rotation speed 
• Distance to the wall of the pipe 

 
In order to achieve this, various configuration tests have been carried out and the thickness 
deposited in each one of these measured until the precise adjustment of these values was 
achieved, depending on the desired thickness. 
 
 

3. OPERATION OF THE TIRANT 3® SYSTEM 
 
The metallization process is teleoperated from the remote control unit located outside the 
pipe by means of the software incorporated into the Tirant 3® system (Figure 5). 
 
Before metallization is initiated, the Tirant 3® system is guided along the pipe as far as the 
start position by remote control. Once it is positioned in the right place, the metallization 
process begins. 
 
During the whole of the metallization period, the cameras installed in the robot allow the 
follow-up in real time of the whole process inside the pipe so that all movements can be 
observed. 

 
 

Figure 5. The Tirant 3® system in operation  
 
In order to position it precisely inside the pipe and to handle it easily and intuitively, the 
Tirant 3® system has a joystick located in the remote control unit.  
 
The Tirant 3® system is a versatile one and is valid for different pipe diameters, projected 
materials, and desired thicknesses. The control software allows the regulation of forward and 
rotation speeds depending on the thickness desired on the wall of the pipe. Likewise, the 
automatic folding and unfolding system means that the dimensions of the Tirant 3® system 
can be adapted for work in pipes of various diameters.  
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As this is an automatic system that is totally independent of the human factor, the uniformity 
of the coating projected increases and with it its anticorrosive properties. Another of the 
advantages is the improvement in the working conditions of the operators compared with 
manual metallization. They do not now have to work inside pipes with small diameters in 
difficult positions and avoid exposure to smoke, gases, and projected particles, together with 
high temperatures. 

 
4. CONCLUSIONS 

 
At the end of the project and with the putting into service of the developed robot, the results 
obtained (Figure 6) to date allow us to say that:  
 

• The Tirant 3® is an automatic metallization that is totally adaptable to the steam 
pipes of Nuclear Power Plants 

• The Tirant 3® allows the depositing of layers of uniform thicknesses 
• The Tirant 3® is reliable and allows compliance with the programmes anticipated 
• The Tirant 3® improves work ergonomics 
• The Tirant 3® has allowed the reduction of the operational dose according to 

forecasts 
 

 
 

Figure 6: Pipe before and after Tirant 3® system operation 
 
In short, the Tirant 3® System has confirmed the capacity and the commitment of the 
companies Lainsa, Revanti, and Titania in the development of technologically advanced 
equipment and work procedures as a response to the needs of the industrial sector, in this case 
Nuclear Power Plants. 
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