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1. THEORI AND PRACTICE 

Simulator assisted training can provide to the 

training participants the equivalent of many years of 

experience acquired by practice. For those who work 

with fault location in underground cables it is very 

important to know and recognize various type of cable 

behavior in normal and fault condition and also to use 

precisely the methods and devices of different 

manufacturers.  

A different technique for locating and identifying 

potential problems take into account and finally 

differentiates the accuracy and duration of activity. As a 

matter of recognition of a particular behavior, a 

signature, it was approached from the perspective of 

using neural networks [3]. 

The fault detection and location involves a complex 

activity based on the use of methods and equipment 

suited to each case. Two types of methods that 

complement each other are common in practice: 

-direct method, based on measurements or effective 

control of the cable; 

-indirect method, based on correlation measurement 

devices indications and  signaling the result of 

switching maneuvers performed during the defect 

detection operations. 

Methods of fault location on power cables are 

divided into two groups: methods that determine 

relative distance from measurement point to the fault 

point (the most common method being reflected pulse) 

and absolute methods that allow precise indication of 

fault location (inductive method and the method of 

acoustic or capacitive discharge) [1]. 
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Locating faults on cables require several stages:  

1. Identify the type of defect and defect burning 

2. Prelocation defect 

3. Determination of the cable route 

4. Exact fault location 

5. Identification of defective cable (of several cables), 

preparation for repair. 

Each stage has its own particularities of the diversity 

generated defects occured in underground electrical 

networks [4]. 
 

2. PROCESS SIMULATION 

The simulator must have a friendly system of 

parameterization and configuration for programming of 

many situations that reflect difficulties of interpretation 

of the real situation. It is necessary to switch between 

different cables, different types of defects and their 

locations for various topological configurations. 

Situations for specific learning and identifing wiring 

for fault location of underground cables: 

• The “sweep out”(scan) technique for identifying the 

position for items of interest in the area checked. 

•  The noise detection of underground cable and fault in 

particular. 

• Understanding the possible interference between 

different elements underground. 

• Knowledge of different route typology based to 

different utility. 

• Identify various faults signatures. 

• Understanding the principles of locating  (horizontal 

and vertical location, the fault location). 

• Cable factor analysis (physical and electrical 

parameters of the insulation, screens and active parts, 

the depth of laying, neighborhoods). 

• Factor Analysis impulse / signal (frequency, width, 

amplitude). 

• Analysis of soil factor (dispersion, resistivity, 

moisture, temperature).  

In the modeling process can be used equivalent 

diagrams used in modeling components such as cables 

and sleeve and equipment [5]. 

Various situations of cable training topic must be 

selected by the instructor as simple as possible. 

Examples of such situations: 

1. Cable between two points straight. 

2. Horizontal loop cable. 

3. Cable back sleeve. 

4. Cable under the pavement. 

5. Cables to different depths. 

6. Crossed cables. 

7. Parallel cables. 

8. Cable besides niche. 

9. Junctional Cables (continued, change section). 

10. MV and LV cables twisted and universal. 

       The simulator must allow the transition between 

stages of training only after confirmation of 

achievement of minimum security operations when 

working with high voltage such as: 

1. Released from any tension. 

2. Voltage protection and insurance against recurrence. 

3. Confirmation of lack tension. 

4. Earthing and short circuit. 

5. Cover or block access to adjacent parts remaining in 

power.  

         Buttons needed intervention: 

- Activation level lines field / sound 

- Activation cable positions. 

- Activation historical indications on route used 

- Buttons of movement probe. 

- Buttons for probe rotation. 

       Simulations activities will be specific for these 

areas: The cable end, route location, fault location. 

Practical training of operators using equipment is an 

investment that results in reduced maintenance costs. 

The staff uses a variety of types of specific methods 

implemented in different equipment manufacturers. 

Training must settle issues generated by the 

situation on the ground and the diversity of equipment 

available to the operator. In all these cases appear 

difficulties in increasing training productivity which 

can be attenuated by using simulation software. 

Especially 3D graphics simulation with graphics 

accelerators and low-cost computers are increasing 

productivity training and reduce maintenance costs by 

generating repetitive of many learning situations [4]. 

Simulator may have a section dedicated to beginners 

and specialists training section. There are evaluated 

skills and reaction time. It is possible to generate sound 

and video elements for specific methods of tracking 

cases. Graphical simulation allows a virtual work 

environment that contribute to deep understanding of 

situations often encountered in practice but rarely 

effects generating unacceptable costs. 
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3. SIMULATOR TRAINING 

Two training problems must solve by simulator: 

creating the operating skills of standard equipment and 

improving time to identify the solution of topic 

received. We have 2 ways to guidance efforts: 

simulation in the classroom and simulator training in 

the field in the polygon. Black boxes can be used in 

classroom to simulate certain situations by connecting 

to the common equipment. This allow limited practice 

situations in terms of number and complexity. Building 

a real wired lines is appropriate only if we have a high 

polygon surface fix all aspects of training but not as 

problematic on the number of tests and repeatability of 

learning situations. Even if there are deviations from the 

practical realization mode simulations using identical 

computers allow repetition of situations and learning 

through emulation equipment and graphic details can 

get a near real operating conditions of test and 

measurement equipment. 

We can formulate some general conditions for 

training simulators in locating cables: 

• Similar situations with different locations should be 

allowed; 

• Regardless of the number of simulations behavior 

must be identical, 

• Safety of participants firstly. 

Specific characteristics for a training simulator can 

be formulated as follows: 

• The simulation effectiveness  

• The simulator efficiency. 

• The simulation generation time. 

• Time for practice beside real situation  

• The simulator purchasing price. 

• The accessories and consumables price. 

Simulators are often very expensive because of 

hardware and software complexity so that a cost-

effectiveness evaluation is required when it comes to 

learning basic skills.  

Fig. 1. presents a possible structure for a learning 

simulator for specific situations as identification and 

fault location in underground cables. 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 1. Simulator functional block structure 

  

The simulators efficiency is difficult to prove 

therefore simulator`s designers must look firstly at the 

training necessity  and realistic application secondly. 

For this goal we are trying to break the simulated 

activity into small parts that can be simulated and 

learned separately, then in groups of two, three or how 

many are necessary to the acceptable level in terms of 

training. Operator interface must allow administrative 

operations for users (identification data, belonging to a 

certain class, results obtained over time, scoring and 

comparing results between operators). The final result 

depends on the pedagogical aspect from which starts 

the simulator design. Should not be overlooked and that 

the simulator can be a first selection for the staff to 

operate in the field of fault detection. 

3.1 SIMULATOR STRUCTURE 

Instructor screen allows simple selection of 

simulation parameters (Cable type and characteristics, 

details of siting and situations, the choice of defects and 

their position). The trainer interface allows to control 

the simulation, data entry, display measured values and 

those simulated by the operator, request reports and 

scoring. 

Screen makes sure the probe position (top view, 

sections), show the operator commands panel (travel 

commands and validation proposed) and the display 

panels for identified items (level, distance, graph). 

Validation screen ensure stored data viewing (probe 
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route, the proposed validation), comparison between 

proposed validations and solutioned validations. 

Operator interface panels allows emulation for different 

devices used, display measured values in terms of the 

actions of the operator. 

 Main variables: Cables and soil types, Selection 

source type, Selection scheme type, Connection table, 

Measure implementation, Measure solution, Fault type 
and distance solution, Solutions button (Position factor- 

angle, distance, depth, position source-contact. 

Alarms are generated by normal values exceeding 

and is penalized accordingly (e.g. exceeding the time 

application of DC voltage test for going into service for 

underground cables insulated HIU or exceeding the 

application of DC voltage test for going into service for 

the insulating underground cables). In the training stage 

we  can opt for an immediate warning or for recording 

and evaluating the errors occurring during the 

simulation. 

Polygon interface allows transmission of specific 

signals in the cables of the polygon. This allow 

operation in the field with equipment to identify and 

locate fault in the underground cables. Interface allows 

the import / export results taken from directly 

measuring and tracking devices.  

      Simulation capabilities for each stage 

1. Identify the type of defect and defect burning. 

    Identification is made from a black box terminals 

measurements of insulation resistance and continuity. 

Internal configuration of the box can simulate different  

types of cables faults. Megohmetre is used to identify 

the type of fault by measuring the insulation resistance. 

Fault burning simulation can be achieved by power 

resistant adjusted with  automatic circuit breakers or 

resistance moduls. 

2. Prelocation defect. 

    Simulation requires a cable with typical properties 

but not only posed by long distance because the 

physical route is not important; conductor distance is 

determined insensitive of its route. Distributed 

modeling parameters is much more effective.  

3. Determination of the cable route. 

    Route simulation supposes crossing physical/ 

geographical area and “sweep out”(scan) technique. 

Installation depth is less important than crosses, loops 

and parallel line. The cable characteristic are less 

important so that can be used the regular conductors. 

4. Exact fault location. 

    Work is evolve in the route obtained at prelocation 

stage. This involves identifying the acoustic or 

electromagnetic simulation of the perturbation produced 

by fault. Ground fault behavior, configuration area, 

neighborhoods and depth of laying are important. Depth 

determination is made by the same equipment used to 

identify the route. Simulation can be done with 

centrally controlled electromechanical elements. 

5. Identification of fault cable (of several cables), 

preparation for repair. 

Requires a variety of configurations which makes 

more efficient computer simulation vs. simulation with 

distinct physical features. 

4. CONCLUSION 

There are simulation solutions useful in the 

operators training improvement design, solutions to 

increase efficiency, reduce time, increasing efficiency 

of electricians in the field of underground cables, 

correlated with those attribution considered to improve 

workers. Using a simulator in this area is justified 

because of the high cost of equipment necessary to 

balance the years of experience acquired through 

practice, additional cable stress and the risk of some 

methods of performing unnecessary and costly 

excavations that may be associated with unpredictable 

legal costs. 
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