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ABSTRACT 

 
At CDTN´s nondestructive test laboratory there is an electromechanical probe scanning device. That equipment 

is an important tool used in the development of procedures to be applied in remote inspections of nuclear 

equipment and components. In order to adequate its functionality an update was planned and executed. Keeping 

its excellent existing mechanical parts and DC motors, the original electronic power supply and the control unit 

was replaced by a new one. Furthermore, trajectory control and data processing algorithms were implemented 

by means of National Instruments LabVIEW 8.6 programming tool. So, both trajectory control and data 

acquisition/plotting systems were integrated as PC executable software. This paper presents details of the whole 

process, including the updated hardware, some screenshots showing the trajectory control program and a typical 

data presentation window.  
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1. INTRODUCTION 

 

The application of nondestructive tests (NDT), in some cases, such as the in-service 

inspection of nuclear equipments and components, demands the use of remotely operated 

robotic systems. This is primarily due to the presence of ionizing radiation in the 

environment. At CDTN´s nondestructive testing laboratory there is an electromechanical 

scanning device - model MEAUX-77, developed by the French company Ultrasonic. That 

equipment, which aspect may be seen in Fig. 1, can hold and move nondestructive probes and 

can be used for ultrasonic (UT) [1] or eddy current (EC) [2] remote inspections. Notice the 

presence of a big water tank that can be filled to develop underwater inspection techniques.  

 

The device consists of a bi-axial displacement system. Each orthogonal displacement plan (or 

axis) is formed by a sliding train, mechanically attached to a reduction gearbox which drives 

a toothed belt. For each direction, displacements are obtained by means of a DC electric 

motor, coupled to a gear box. Scanning speed, turning direction and other parameters are 

established by the inspector with a help of a trajectory control unit. By some years ago, this 

original control unit has presented some operating troubles and malfunction. The fixing of the 

involved electronic circuits faced strong difficulties, due mainly to the obsolescence of many 

electronic and electromechanical parts. 

 

Additionally, with the advance of many nondestructive methods and techniques, the existing 

pre-defined originally designed trajectories became inadequate or limited to be compliant to 

the present requirements. Furthermore, most of the modern NDT inspection systems are 

designed to be connected to scanning devices using some kind of high speed data transfer 

interface, such as IEEE 1304 or USB 2.0, among others.  

 

 

 
 

Figure 1. Aspect of the scanning device. 
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So, in order to adequate and improve the system functionality, an update was considered and 

two goals were established: 

 

- To design and assembly all required electronic circuit boards involved with motion  

   and trajectories control; 

 

- To develop a PC executable software and user friendly interface to be used for the  

   trajectories configuration, the scanning execution and the acquired NDT data 

   presentation. 

 

 

2. DESIGN AND ASSEMBLY OF THE ELECTRONIC CIRCUITS 

 

The block diagram presented in Fig. 2 shows the electronic modules that constitute the 

motion control unit:  

 

- Power supply 

- Electric motor motion and protection control; 

- Manual/automatic operation mode selector; 

- Motor driver/switching; 

- Probe position reader. 

  

 

 

 
Figure 2. Block diagram of the motion control unit. 

 

 

 

The power supply module feeds all circuits with stabilized DC voltages (35 V, 24 V and 5 

V). Maximum current to drive the motor is limited to 4 Amperes. In order to control the 

motor motion and protect it from overloads (border shocking for example) a motion and 
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protection module, as shown in Fig. 3, was designed. Its operation takes in account the 

logical state of the of the action switches SOB (turns motor clockwise) and DES (turns motor 

counterclockwise); and the course limiting switches INI (course begin) and FIM (course 

end). The limiting switches are installed on the internal up-side of water tank walls. 

 

 

 

 
Figure 3.  Motion and protection schematic electronic circuit. 

 

 

 

The circuit corresponding truth table is presented at Tab. 1. Logical lines DIR (turn direction) 

and MOV (motion) are connected to the motor driver/witching module. 

 

 

 

Table 1. Motion and protection circuit truth table. 

 
INI FIM SOB DES S D M DIR MOV MOTOR 

0 0 0 0 X X X X X Stop 

0 0 0 1 X X X X X Stop 

0 0 1 0 X X X X X Stop 

0 0 1 1 X X X X X Stop 

0 1 0 0 0 0 0 0 0 Stop 

0 1 0 1 0 0 0 0 0 Stop 

0 1 1 0 1 0 1 1 1 Move – clock wise 

0 1 1 1 1 0 1 1 0 Stop 

1 0 0 0 0 0 0 0 0 Stop 

1 0 0 1 0 1 1 0 1 Move - counterclockwise 

1 0 1 0 0 0 0 0 0 Stop 

1 0 1 1 0 1 1 1 0 Stop 

1 1 0 0 0 0 0 0 0 Stop 

1 1 0 1 0 1 1 0 1 Move - counterclockwise 

1 1 1 0 1 0 1 1 1 Move - clockwise 

1 1 1 1 1 1 1 1 0 Stop 
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The system can offer two operating modes: 

 

- Manual: the operator controls the motor speed and rotation direction by means of    

                 panel switches and buttons; 

- Automatic: all actions are controlled by software. 

   

So, an operating mode selector circuit was developed. Its schematic diagram can be seen at 

Fig. 4. Basically, it is a multiplexer circuit that selects, for each plan (or axis), one analog line 

(voltage to control motor speed) and two digital lines (to control motor rotation directions) 

described as: 

 

- VEL_P1 – Longitudinal plan motor speed control voltage; 

- SOB_P1 – Longitudinal plan motor turn logic line (clockwise);  

- DES_P1 – Longitudinal plan motor turn logic line (counterclockwise); 

 

- VEL_P2 – Transversal plan motor speed control voltage; 

- SOB_P2 – Transversal plan motor turn logic line (clockwise);  

- DES_P2 – Transversal plan motor turn logic line (counterclockwise); 

 

 

  

 
 

Figure 4. Operating mode selector circuit. 
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For automatic operation, a National Instruments NI-USB6009 data acquisition module - DAQ 

was employed [3]. That component contains eight analog inputs (14-bit, 48000 samples / s), 

two analog outputs (12-bit, 150 samples / s) e 12 digital I/O. Connection with PC is provided 

by means of a high speed USB port. So, all logic and analogical signals necessary for 

automatic operation are supplied by control software, with help of this interface. The aspect 

of such DAQ module can be observed in Fig. 5. 

 

 

 

 
Figure 5. Aspect of NI USB 6009 module. 

 

 

 

Fig. 6 shows the motor driver/switching circuit. Motor turning speed depends on the control 

voltage (0 to 5 v) applied to input VEL. IC2 and transistors T2, T3 and T4 form a power 

operational amplifier that can deliver any voltage, from 0 to 20 volts under 4 Amperes to the 

motor. Notice that motion depends on the logic state of MOV line which controls MOSFET 

transistor T5. By other hand, motor turn direction is controlled by the logic state of the DIR 

line connected to transistor T1 and relays K1 and K2. 

 

More than develop the motion control, it mandatory to know accurately the location 

(longitudinal and transversal) of the inspection probe, during scanning. To do that, the 

manufacturer´s original measurement method was kept. A high precision (0.25%) linear 

multi-turn potentiometer, fed with a very stable reference voltage, is attached to the reduction 

gearbox. So, when the probe is moved through a plan, its position can be monitored simply 

reading the voltage present at the potentiometer cursor. This process is performed by means 

of a simple conditioner circuit, in which calibrations (zero and span) may be done. A precise 

1 millivolt/millimeter displacement relationship was established and locked. During 

operation, readings corresponding to the longitudinal and transversal positions are 

continuously presented by two independent LCD digital indicators. 

 

For automatic operating mode, the position corresponding voltages are periodically (500 

samples per second) read by a couple of A/D converters present in NI-USB 6009 module. 

Once all electronic circuits were designed, the corresponding printed circuit boards were 
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developed [4] and assembled. Finally, those boards and the electromechanical parts were 

installed into a 19” rack. The final aspect of the built unit can be observed in Fig. 7. 

 

 

 

 
 

Figure 6. Motor driver and switching circuit. 

 

 

 

 
 

Figure 7. Final aspect of the assembled circuits installed in a 19” rack. 
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3. TRAJECTORY AND DATA PLOTTING SOFTWARE DEVELOPMENT 

 

This equipment is an important tool to be used, for example, in the development of 

procedures to be applied in remote inspections of nuclear equipment and components. In such 

case, eddy current and ultrasonic are the most employed NDT inspection methods. So, the 

working probe is attached to a holder that can be moved over the longitudinal and transversal 

plans. A typical probe scanning process can be seen in Fig. 8. The parameters to be defined 

by the operator are:  

 

- The scanning starting point; 

- The scanning ending point; 

- The longitudinal trajectory distance; 

- The transversal trajectory distance; 

- The longitudinal trajectory speed; 

- The transversal trajectory speed; 

- The transversal e longitudinal displacement directions; 

- The incremental displacement for each step. 

  

 

 

 
Figure 8. A typical scanning process. 

 

 

 

Trajectory control and data processing routines were implemented by means of National 

Instruments LabVIEW 8.6 programming tool [5, 6, 7]. NDT inspection equipments have 

digital and analog event detection outputs that can be read by means of I/O ports existing in 

the NI-USB6009 module. So, specially created algorithms combine such data with probe 

position information and present graphically the found results for a scanned component. Fig. 

9 is a screenshot of the developed control and data plotting program window. 
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Figure 9. Screenshot of the control and data plotting developed program. 

 

 

 

At the upper part of the window there is a XY data plotting screen. Nominal scale factor is 

defined by the relation: 1 pixel = 1 mm (actual), but spanning and zooming facilities are 

suitable for better data visualization and analysis. In this example the trajectory is constantly 

drawn in red color. If some anomaly is registered (a flaw is detected for example), all 

corresponding location pixels are plotted in black. Longitudinal and transversal probe 

positions (in mm) are continuously displayed at the upper left part of the window. At the right 

corner there is a red PANIC button. If it is pressed the system immediately shuts down and all 

hardware power supply is cut.  

 

At the lower part of the window they can be seen several buttons, switches and indicators. 

From left to right, the first group is related to the Scan parameters: 

 

- Type (Longitudinal/Transversal); 

- Longitudinal/Transversal Increment (in mm). Notice that for Transversal mode the 

increment is always Longitudinal. For Longitudinal mode increment is always 

Transversal. 

 

The second group is related to the Longitudinal Plan trajectory parameters: 

 

- Initial position (in mm); 

- Distance; 

- Speed (mm/s). 
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The third group is related to the Transversal Plan trajectory parameters: 

 

- Initial position (in mm); 

- Distance; 

- Speed (mm/s). 

 

At the right lower corner there are a lot of action buttons. Once the trajectory parameters are 

set the system operator may chose the desired action: 

 

- Move probe to the position zero (absolute); 

- Move probe to the initial position (declared); 

- Start scan; 

- Clear data plotting screen; 

- Save the trajectories, plotted image (screen image) and acquisition data; 

- Quit the program. 

 

4. CONCLUSIONS 

 

The updated equipment is an important tool used in the development of procedures to be 

applied in remote inspections of nuclear equipment and components. Keeping the excellent 

existing mechanical parts and DC motors, its original electronic power supply/motion control 

unit was replaced by a new one. Trajectory control and data acquisition/processing 

algorithms were implemented by means of National Instruments LABView 8.6 programming 

tool. Final system was integrated as a simple to use PC software. 
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