
1 
 

Innovative NDE solution for inspection of buried pipelines in primary circuit of NPP 

 
Josip Janjiš, Ante Bakić 

INETEC – Institute for Nuclear Technology 

Dolenica 28, 10 000 Zagreb, Croatia 

ante.bakic@inetec.hr 

 

 

 

 

Abstract 

 

In the primary circuit of every nuclear power plant there are numerous of pipes connecting different 

elements such as reactor, steamgenerators and spent fuel. Some of them are buried into the base 

walls of the buildings predicting that will be no need for their inspections at all. However in recent 

years unpredictable issues have started to appear caused by microbiological corrosion resulting in 

holes with complex shapes and sizes. The holes are very similar to the ones which worms produced 

in the wood material.  

Ultrasonic system for inspection of such pipes comparing to visual inspection system requires much 

more drive power due to large cable bundle and resistance that occurs as friction between the probes 

and inner pipe surface. In addition, the instrument is usually outside of the pipe especially for small 

diameter pipes which means lot of signal wires together with motor power supply. This is very 

adverse for the good quality of the measuring signal causing a limitation on the cable length.  

Driving mechanism is followed by a module for incremental rotation, module with probes and 

waterproof control unit. Each module is equipped with guiding wheels as well as full length of the 

cable reducing translation resistance and smooth passing through the bends and over any changes in 

the cross section of the pipe. In case of system failure it is designed to stay in the position suitable 

for manually pulls out from the tube.  

PC software makes the system highly automated and easy to operate. Due to large flexibility and 

high driving torque large sections of pipe of several hundred meters in length with many bends and 

vertical sections can be inspected. 
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1. Introduction 

 

Long pipe segments with multiple bends and vertical segments are a common sight in various 

industries. Some of these pipes are buried in the ground, travel through the concrete walls of the 

buildings or are inaccessible in some other way, making it impossible to inspect their state from 

outside of the pipe.  

Different degradation mechanisms such as pitting, corrosion, cracking threaten the function of such 

pipes. In industries such as nuclear where these pipes participate in ensuring safe operation of the 

nuclear power plant, critical pipes have to be inspected for degradation. 

Having a long tradition in non-destructive testing INETEC has decided to expand its fleet of 

manipulators to provide service of inspection of such pipes. This paper shows the result of the 

development of such a system. 
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Figure 1 Use of piping in the industy 

 

2. Hardware 

 

The sheer mass of the cables and the modules, their friction with the inner surface of the pipe 

demands for a powerful driving mechanism. The requirement to pass through multiple bends 

dictates the manipulator to be bendable and with the diameter as small as possible.  

To solve this problem a unique driving mechanism with a flexible lead screw and pneumatic 

grippers has been developed. The gripper module contains cylinders that extend and retract three 

grippers which lock the module inside the pipe. The grippers are designed to maximize the contact 

surface with the pipe which ensures maximal friction force and prevents damage to the pipe. When 

extended in the pipe, a single gripper module can carry up to 150 kilograms.  

 

 

Figure 2 The gripper module 

 

Two modules are connected with a flexible lead screw which drives the middle gripper module 

containing a screw nut. The lead screw is powered by a motor in the rear gripper module which 

moves the middle gripper module at top speed of 50 mm/s. When passing through the bends the 

flexible lead screw follows the bend shape while retaining its function. 

 



3 
 

 

Figure 3 Driving mechanism with the flexible lead screw 

 

The movement sequence begins with rear gripper in the locked position. The lead screw motor then 

drives the middle gripper forward. After that the middle gripper is locked and the rear is released. 

Now rotating the lead screw in the opposite direction moves the entire cable assembly including the 

probes in the forward direction. Repeating this sequence moves the system through the pipe. To 

drive backwards, out of the tube the movement sequence is reversed. 

The scanning sequence locks the rear gripper and drives the middle gripper forward and backwards 

repeatedly. After the end of each move, the rotation motor increments the probes module rotation 

by a small value, eventually inspecting the entire surface of the tube. 

The driving mechanism is followed by a module carrying ultrasound probes. It contains a motor for 

its rotation during the increment movement. The probes can be pneumatically extended or retracted 

to reduce the damage to the probes while not scanning. 

The probe module is followed by modules containing the electronics, motor drives and pneumatic 

valves. 

The end of the manipulator is connected to the outside control box via a long cable which carries 

probe signals from and power to the manipulator. Each module as well as full length of the cable 

are equipped with guiding wheels reducing translation resistance and smooth passing through the 

bends and over any changes in the cross section of the pipe. 

 

 

Figure 4 The cable connecting the manipulator and the control box 
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Normally the manipulator drives out of the pipe by itself, but in case of a system failure the 

manipulator is designed to release the grippers and allow for easy manual retrieval from the pipe 

even after it passed multiple bends. To prevent cable damage during manual retrieval of the 

manipulator, a strong wire is added to the cable.  

Since it has to operate in pipes that can still have fluid in them, the entire manipulator is made 

waterproof. With minimal changes to the manipulator, it can easily be adapted for inspection of a 

wide range of pipe diameters, ranging from 80 to 600 mm. 

 

3. Measurement 

 

The probe module is the core of the system. It carries the probes that perform measurement of 

degradation of the pipes. To ensure superior flaw resolution and accuracy, multiple types of 

ultrasonic probes with different beam angles are used. 

 

 

Figure 5 The probe module 

 

As the manipulator navigates through the pipe performing scan sequences, data about the status of 

the pipe is recorded by the instruments and transmitted to the PC. Degradation mechanisms such as 

cracking, pitting, erosion or corrosion are detected and reported in the analysis phase. The location 

of the affected area if precisely mapped ensuring precise reporting of the longitudinal and 

circumferential position of the flaws. 

 

4. Eletronics and software 

 

Due to small diameters of the pipes, the ultrasound (UT) and eddy current (EC) instruments have to 

be located outside the pipe. With the cable lengths of more than 50 meters it’s a challenge to 

transmit the measured signals to the instruments with as little noise as possible.  

To prevent the motor noise from interfering with the EC and UT signals, the motor amplifiers 

(drives) are placed inside the manipulator, close to the motors. In this way, the current fluctuations 

in the rest of the cable are minimized which is beneficial to the noise reduction in the measuring 

signals. 
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Figure 6 Motor drives used in the system, integrated on the manipulator side 

 

The pneumatic valves that toggle the grippers and the wheels are placed inside the manipulator and 

are controlled by the digital outputs on the drives. 

 

 

Figure 7 The outside control box 

 

The outside control box is used as a gateway for communication between the PC and the EtherCAT 

drives inside the manipulator, passing the commands to the drives and reading their statuses 

(position, current …). The control box passes the motor encoder signals to the EC and UT 

instruments, which are necessary for precise triggering of the recording procedure. This allows easy 

identification of the physical position of a flaw in the recorded data. 

High quality cameras are installed on the key positions of the manipulator to better understand its 

position inside the tube and to see the state of the probes module. Two cameras are installed in the 

first module, one watching in the forward direction of the tube, and the other one looking 

backwards at the driving mechanism. The third camera is watching the probes module. 
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Figure 8 HQ camera with integrated lighting, video feed from the camera inside a pipe 

 

The manipulator is controlled by the PC software. The PC communicates with the firmware in the 

controller, giving it commands which are executed on the drives. The control schematic of the 

entire system is given on Figure 9. 

 

Figure 9: Control system schematic view 

 

With preprogramed movement and scanning sequences the PC software makes the system highly 

automated and easy to operate.  
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Figure 10: Manipulator control high level software 

 

Visualization of the manipulator shows the state of the individual axes and pneumatic cylinders, 

making it easy for the operator to understand the state of the system. 

 

5. Conclusion 

 

The article has shown INETECs new solution for ultrasonic inspection of pipes. The unique 

working principle of the driving mechanism, which utilizes grippers and a flexible lead screw, 

allows the manipulator to easily traverse long horizontal sections, multiple bends and vertical 

segments while measuring the state of the pipe. 

The new system opens the possibilities for inspection of pipes that were previously inaccessible, 

thus contributing to enhancing of nuclear safety. 
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