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INTRODUCTION

People working in successful companies will have to acquire knowledge, abilities and
attitudes with a triple focus: technical, cultural and management.

The maintenance personnel is integrated in the production process of the company.
They come from a generic training. Even optimisation requires being polyvalent.

Those maintenance technicians having a direct contact with the customers-users
must work as technicians and sales personnel. Both aspects represent the
maintenance organisation. Friendliness and a comunicative attitude are behavioural
features that must accompany technical capability to offer, not only a technical
service, but also a good service.

It is increasingly necessary to have technicians with an overall vision of the core
business. Customer satisfaction criteria, improvement of processes, cost optimisation
and investment recovery should not be an exclusive matter of the economical-
financial departments and managers, but also a responsibility shared by all
employees, in order to guarantee the company's survival in the current competitive
environment.

Every strategy of training should be focused towards (1) acquiring technical
capabilities (2) preserving a unique company culture (3) achieving customer
satisfaction and finally (4) recoving the training investment.

The future maintenance departments will have the following priorities

SECURITY for workers, for machines and for the environment.
QUALITY of the work
HARMONY between the man, the work and the client-user.
PRICE Competitive

The new tendencies regarding training personnel show that besides having an
excellent technical knowledge, skills and experience, maintenance technicians
should also be able to work alone in order to achieve maximum efficiency.

Therefore, the immediate objective of a company that wishes to have an efficient
maintenance team is to achieve a global capability in their technicians. Continuous
training and recycling are absolutely necessary.

Some partial objectives that a company can take for reaching the global capability of
its staff are the following:

• high technical level of knowledge: theoretical-practical
• polyvalence
• complex tasks carried out by a single worker
• sharing experiences
• high quality
• short response times
• schedule based tasks
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• annual reduction of cost according to new technological innovations
• a culture of self control
• assimilation of terms such as: responsibility, cost reduction, efficiency,

productivity, technician and client-user relationship, commercial sense...

A well trained and motivated maintenance electrical team that is committed to the
company tries to be more competent in mechanical issues and vice versa. Other
teams with low level training are not well motivated and try to perform only their
assigned tasks with no proactive actions.

Obviously, it is expensive to reach high levels of capability, but good training is good
business. Indeed:

• Well-trained maintenance personnel is a guarantee of a minimal number of
workers performing their task with a high level of efficiency and productivity.

• Training provides polyvalence, not only in maintenance activities (mechanical,
electrical and I&C) even in other productive positions of the Plant

• Motivation, creativity, teamwork and proactive behaviour are some of the results
of training.

Those companies with globally trained personnel will have partially won the
competitive battle.

In our specific nuclear environment, we are talking about professional workers who
know the equipment perfectly and put it together in the systems of the unit. They
know the characteristics of the component, their modes of operation and their
specific history with a capability to detect failures and repair them in short windows
time. All these activities must be carried out in framework of quality and safety
required in the nuclear world and by working in a solid team, not only in the
maintenance department but also with the rest of departments in the Plant.

MAINTENANCE TRAINING CENTRE

The governing board of Tecnatom approved a project for creating a Maintenance
Training Centre in 1995. The objective was to cover training necessities identified in
the maintenance area, mainly in those issues related with continuous training,
recycling and professional development.

Some of the first project tasks were to develop training programmes with the
following characteristics:

• PLEASANT. Trainees will be required to be active. Different training environment
and combinations of pedagogical techniques should be used. Teamwork and
exchange of operating experiences should be promoted.

• PRACTICAL and TASK ORIENTED. Training should be fundamentally based on
performance of the real maintenance task. Previously, the essential theoretical
concepts were learnt in order to understand the meaning and reason of the task

• SPECIFIC. Practices would be performed as possible on the component itself,
similar conditions, using the procedures and documentation of the Nuclear Power
Plant.
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• ADAPTABLE. Tecnatom Maintenance Training Centre always says 'Yes' to any

customer request. Standard courses are adapted to the necessities and in that
way courses are continuously updated and improved with more knowledge. The
customer feels more comfortable with the results.

In order to reach the above objectives, a team of instructors in the three specialities:
mechanical, electrical and I&C, were selected. They were required to be able to
design, develop and perform training programmes. Instructors identify the training
necessities, define programmes, develop the didactical material, and design and set
up the mock-ups for practices. Both technical knowledge and pedagogical
capabilities were evaluated during the selection of instructors.

The 'Coaching' technique is one of the most important instructor capabilities. This
technique is focused for training skills and practising abilities. 'Coach' term is used in
sports and implies improving abilities and facility in an action. The 'Coaching'
technique was transferred and adapted to Nuclear Power Plants, mainly in the
training of maintenance personnel. This technique is a process with several phases,
among them the most important are the following:

• Phase 1. Present to the audience the practice or skill, the didactical objectives
and the practice content. The objective of this phase is to obtain trainees
attention, locate them in a correct position in order they can listen and see
properly.

• Phase 2. Instructor demonstrates the practice and explains the activities. Each
step of the practice is enough explained with emphasis on the key points. If it is
applicable, references to other previously learnt skills are mentioned. Questions
from the audience are to be answered as well.

• Phase 3. The trainees carry aut the practice. The instructor organises the teams
and motivates them in their performance.

• Phase 4. Feedback for correction of the mistakes. The instructor observes and
evaluates the performance and offers effective feedback, immediately and as
frequently as necessary.

The above technique provides the pupil with protagonism and instructor is only the
facilitator.

WORKING AREAS

Written training material has been developed. New facilities and more adequate
mock-ups for the performance of exercises have been acquired. More than 100
didactical units have been developed. The most significant are the following:

Maintenance General
• Failure diagnosis. Troubleshooting
• Maintenance Engineering.
• Management and Optimisation of Maintenance
• Reliability Centred Maintenance (RCM)
• Maintenance Supervision based in Study Cases

Polvvalence
• Fundaments of Electro-Mechanical Maintenance (Minor Maintenance focused on

Auxiliary Operators)
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• Leakage control

Instrumentation and Control
• Analogical Instrumentation of Classical Processes
• Instrument Calibration
• Control Valves and PID Controls
• Programmable Logic Controllers (PLC's)
• Local Networks and Buses
• Digital Instrumentation. Distributed Control Systems.

Electrical Maintenance
• Basical knowledge for Electrical Maintenance Personnel
• Electrical protections
• Electrical motors
• Transformers
• Batteries
• Inverters
• Circuit breakers

Mechanical
• Mechanical Maintenance of Turbines
• Chillers
• Valves and Valve Drivers (pneumatic, hydraulic and electrical)
• Maintenance of Rotative Components
• Calibration and Metrology
• Vibration Measurements

Nowadays, new courses and mock-ups are being developed as new customer
necessities are being identified.

FACILITIES

The Maintenance Training Centre is
located in Tecnatom headquarters
sited in San Sebastian de los Reyes, a
town 20 Km away from Madrid. The
Centre has 1.000 m2 of classroom-
workshop and an outdoors area for
heavy components.

The mock-ups are real components
from Nuclear Power Plants. They have
been adapted to fulfil the didactical
function.

Up to now, the following components
are available:

• More than 50 valves with their different valve drivers
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Hydraulic valves drivers of big
valves: Main Steam and Main
Feedwater Isolation Valves

• Main Feed Water Motor Driven
Pump.

• Main Feed Water Turbine Driven
Pump

• Air compressors
• Different Types of Blows
• High Pressure Turbine and

Lubrication System
• Electrical Motors
• Circuit Breakers
• Motor Control Centres

As examples of training material for
practical exercises, we have complex
tasks as the revision of a several tons
hydraulic driver valve (main steam
isolation valve), and simple easy tasks
such as packing replacement for small
valves. Other examples are motor
driven pump alignments, relay setting
and valve limit switches or diagnosis of
electrical equipment.

• Motor Driven Pumps (horizontal,
vertical, centrifugal, positive
displacement...)

• Condensate motor driven pump
(vertical, multisteps pump)

HYDRAULIC LOOP

One of the most significant actions from a didactical point of view is the Hydraulic
Loop.

Hydraulic Loop is a new dynamic
training environment. It was designed
for promoting teamwork and
application of diagnosis techniques. It
is a closed circuit with the following
system and components:
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Main and back-up pump
Flow control valve
Pressuriser
Heat-exchanger
Level control valves
Tanks
Air system (compressor and dryer)
Electrical system
Control room

The whole system is operated by a
Distributed Control System, using
PLC's with multimedia capabilities. The
system operates in several operating
modes. These modes of operation can
be combined with failures and
malfunctions.

PLC's are very useful tool not only because they represent a new technology to be
learnt by maintenance personnel, but also they provide a very easy overview of the
I&C effects in the system operation. This control system provides a dynamic
interaction with the components and provides students with quickly understanding of
the system and the component operation.

Applications

Hydraulic Loop allows students to acquire skill and competence for task performing.
This system provides a way for practising diagnosis of failures on an structured way.
Some of the training programmes that can be carried out in the Hydraulic Loop are
the following:

• Design, organisation and implementation of a preventive and predictive
maintenance program.

• Application of diagnosis and troubleshooting methodologies, cause identifications,
technical analysis, fault tree elaboration, cause-effect analysis and finally
implementation corrective actions, corrective maintenance and post-maintenance
tests.

• Instrumentation and control intervention such as instrument calibrations,
configuration of the control system, design and implementation of new control
loops, configuration changes, process control, dynamic adjustment, control valve
calibration and configuration of final control devices.

In this environment, groups of homogeneous and heterogeneous technicians can be
put together in order to perform a real intervention, practising teamwork and other
human factors such as self-control, verification, double verification, leadership...

In addition to the obvious technical practices on mechanical, electrical and I&C
components, Hydraulic Loops provide behaviour enhancement such as:
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Task performance with required QUALITY
ASSURANCE criteria.
CLEANNESS, in order to prevent the intrusion of
foreign material.
COMPLETION of administrative requirements: use
of PROCEDURES utilisation and proper task
DOCUMENTATION
COMMUNICATION
DECISION MAKING
Task PREPARATION, SCHEDULE and
SUPERVISION
ALARA police tracking and WASTE REDUCTION
NUCLEAR SAFETY CULTURE
SUPERVISION of team workers
Reinforcement of the COMPANY CULTURE VALUES

Finally, this didactic tool can be used for maintenance managers in order to validate
and train them in new organisation and management strategies, such as Total
Productive Maintenance (TPM) or Reliability Centred Maintenance.

CONCLUSIONS

The maintenance personal training objectives should combine technical competence
acquisition (knowledge, skills and diagnostic capabilities) with the application of the
concepts related with company culture (safety, quality, teamwork...). The training
should be focused on perform the task in the real conditions.

In that sense, the training environment like the Training Maintenance Centre above
described provides all that is needed for fulfilling the didactical objective.

The training centre puts together:
• Well trained INSTRUCTORS on specific pedagogical techniques for these kind of

courses (COACHING)
• DIDACTICAL MATERIAL that allows practices to be performed on the

components themselves that are installed in the plant (MOCK-UPS)
• Creation of an atmosphere that represents, with maximum FIDELITY, the same

conditions and situations as in the Plant.


