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ABSTRACT

In order to improve the reliability of the emergency diesel generating EDF
has taken steps to ensure that :

- sets are only started up when they are really needed, in order to reduce 
the thermal cycles and the mechanical stresses associated with start-up.

- the maintenance policy is adapted to the conditions of use, by including 
the notion of a start-up being equivalent to a predetermined number of 
hours of operation.

RESUME

Afin d'améliorer la fiabilité des groupes diesels de secours, EDF a pris 
des mesures visant à :

- démarrer les groupes que lors des sollicitations justifiées afin de 
réduire les cyclages thermiques et les contraintes mécaniques liées 
aux démarrages.

- adopter la politique de maintenance aux conditions d'utilisation en 
incluant en particulier la notion d'heure équivalente de marche à un 
démarrage.
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I - INTRODUCTION

EDF's complete park of diesel motor generating sets of 900 
MW PWR units will comprise :

. 10 AGO V16 motors, and

. 58 AGO V20 motors.

To manufacture these motors, the same technique has been 
employed by SACM - Mulhouse - France. Only the number of 
cylinders differs.

The main characteristics are as follows :

AGO V16 AGO V20

Power KW 3 600 4.000

Speed of rotation r.p.m. 1 500 1 500

Number of cylinders 16 20

Bore diameter mm 240 240

At present, 64 sets are in full operating service and the 
last four are soon to be commissioned.

This large park of motors, all of the same technological 
design has enabled EDF rapidly to acquire the experience needed 
to formulate a suitable policy for their maintenance and 
operation.
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II - OPERATING CONDITIONS OF SETS

Four operating stages characterize the operating conditions of 
a standby generating set :

. A waiting stage during which the set is pre-heated and 
pre-lubricated to reduce the thermal stresses engendered by 
rapid start-ups.

. A start-up stage followed by setting the voltage of the 
generator to relay the assisted auxiliary équipement. The 
increase in speed is rapid, of the order of eight seconds, 
and full load can be reached within 30 to 40 seconds.

. An on-load operating stage of variable duration.

. A load-shedding stage and return to the waiting stage.

Actual cases of emergency pick-ups of the network are rare 
(two cases have been recorded at EDF), to that periodical tests are 
necessary to check the availability of sets.

The statistics show that a set operates on average for a half 
an hour for each start-up and that the number of annual start-ups 
has been of the order of 150 to 200, ie, three or four times more 
than the expected number of start-ups.

Ill - HARMFUL EFFECTS OF RAPID START-UP

The stage of rapid increase in speed produces greater thermal 
and mechanical stresses on the motor than those encountered in 
operation for the following main reasons :

. Despite the pre-lubrification, lubrification is not optimum 
during the rapid pick-up of speed, especially of the sleeves and 
pistons. Friction is thus more substantial and wear consequently 
greater.

. Despite pre-heating, combustion is poor. The racks of the 
injection pumps are maintained as thrust bearings blocks by 
the regulator driving the maximum rate of flow of the fuel, 
but the air flow is insufficient because of the mechanical 
inertia of the turbo-compressor. As a result, combustion 
takes longer, and the pressure gradients and the combustion 
pressure peaks are higher. Production of soot is also 
increased.

. The still low temperature of the cylinder heads, sleeves and 
pistons favours the production of sulphuric acid originating from 
the combustion of sulphur. This acid oxidizes the oil (still a 
low quantity) and produces soot-impregnated gums which can be 
deposited in the grooves of segments, hampering their movement. 
The resulting lack of imperviousness then increases the thermal 
gradients.
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. For safety reasons, diesel generating sets must pick up 
speed In a very short time. This produces an overspeed peak 
which the regulator cannot totally smooth out.

. In this stage, the resulting mechanical stresses are 21 %  

higher than the stresses at rated speed. Consequently, the 
reliability of emergency sets depends heavily on the number 
of start-ups. EDF has therefore taken action to limit the 
number of start-ups of motors to the strict minimum, and to 
adapt maintenance policy to the actual operating conditions 
of these sets.

IV - REDUCTION OF THE NUMBER OF START-UPS

The frequency of indicents affecting the emergency generating 
sets of PWR power stations bears a relation ship to the excessive 
number of start-ups of these sets.

IV.1 - Reasons for starting up generating sets

Generating sets are started up for the reasons set out below :

1. Periodical tests

2. Re-qualification tests

3. Triggering of automatic protection systems.

IV.1.1. Periodical tests

Standby generating sets are the internal source of electrical 
supply for the safety functions of PWR power stations.

To guarantee the reliability of this function, periodical 
tests are required :

. To check the ability of the sets to supply electrical 
energy. These tests are conducted with the protective relays 
in service. The frequency of tests is :

- off-load operation, monthly;
- operation at 30 % of rated power, monthly;
- operation at 100 %  of rated power, once a year.
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. To check the operation of the automatic systems triggering 
the generating sets. The frequency of these tests is :

- protection of the nuclear boiler, monthly;
- RPR channel A, monthly;
- RPR channel B, monthly.

IV.1.2. Re-qualification tests

Respect of the quality control rules involves conducting a 
re-qualification test after any activity affecting the generating 
set or its auxiliary equipment. The number of these tests thus 
varies.

IV.1.3. Start-ups on automatic command

During unit shutdowns, in the course of work or 
re-qualification of automatic systems, untimely commands can 
trigger start-up of the generating sets.

IV.2 Proposed actions

IV.2.1. Grouping periodical tests

These periodical tests which are compatible should be grouped 
as far as possible. In addition, these tests should be combined 
with a re-qualification test where this latter is programmed.

IV.2.2. Tests of automatic devices conducted with the generating set 
treated as a blocked actuator.

By modification of the automatic systems, the generating set 
can be treated as a blocked actuator while preserving its 
availability on appearance of the warning "voltage shortfall" on 
the electrical panel.

IV.2.3. Preventing untimely start-ups of generating sets during unit 
shutdowns.

The device inhibiting the modification mentioned above should 
be used during operation or the re-qualification of the relaying of 
the automatic protection systems of the nuclear boiler.
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V. ADAPTATION OF MAINTENANCE POLICY

In 1982, study of the different incidents and observations 
made during the programmed inspections of sets showed that 
maintenance policy needed be changed. Most of the anomalies 
recorded originated from phenomena wear and fatigue from thermal 
and mechanical oligocyclic stresses occuring during start-ups.

New maintenance programmes were established at that time by 
introducing the idea of equivalent hours of operation (E.H.O.) to 
determine new frequencies of maintenance.

The following formulation was used :

E.H.O. = Ho + Ns x k

with,

E.H.O.

Ho

Ns

k

equivalent hours of operation

actual number of hours on - or off - load 
operation

number of start-ups

equivalence coefficient of a start-up in hours.

Given EDF's still limited knowledge of the behaviour of these 
sets, the Manufacturer's experience and the number of start-ups 
scheduled per year (50 start-ups a year), the decision was taken to 
use a value of 25 for the coefficient k.

k = 25 hours per start-up

This value was purposely set too high pending a more complete 
analysis of experience, to be certain that the new doctrine would 
enhance the reliability of emergency diesel sets. The frequency of 
maintenance of the installation as a whole (diesel motor and 
auxiliary start-up and cooling equipment) has thus been based on 
the concept of equivalent hours of operation. VI

VI CONCLUSION

The reduction of the number of start-ups of sets associated 
with the new maintenance policy, which comprises additional 
non-destructive checks, has markedly improved the reliability of 
the standby diesel motors of 900 MW PWR units.
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However, the frequencies defined in 1982 do not correspond 
satisfactorily to the stresses exerted on equipment during the 
different operating stages described in section III. Accordingly, 
EDF is now conduction a study jointly with SACM to revise the 
present maintenance policy to take account of :

. The analysis of the further experience gained since 1982, 
especially relating to the more precise estimate of the 
harmful effects of start-ups.

. The improvements made to various components.

The present view is that the final policy, which whould be 
implemented in 1986, will be based on two concepts :

. Equivalent hours of operation or the number of start-ups for 
the parts of units of equipment affected by thermal and 
mechanical oligocyclic stresses due to start-ups.

. Calendar based frequencies for the other units of equipment.


