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SUMMARY

Some electrical machines are essential components for the safety of a nuclear power
plant, as energy to pumps (both for normal and emergency conditions) and other safety rela-
ted equipments in provided by them.

Besides the structural resistance is not the only requisite as correct working has to
be guaranteed and this second demand is generally much more stringent than the first one.
These considerations have forced the designers to analyze the behaviour of some machines
{suitable for service in conventional plants) under dynamic conditions very carefully. Ho-
wever their very nature (boxes made up by flat panels with stiffners provided by ribs,webs)
has given some modelling problems, which have been solved by means of large models (up to
1500 dof), which have allowed a very detailed analysis of the machines behaviour. Typical
models and results in terms of eigenfrequencies eigenmodes and response are presented.
From their analysis one can see how careful detailing in the model has been an essential
fact, as while the structure as a whole is very rigid and dces not present particular pro-
blems some local effects have been some times found.

The use of a version of SAP IV code implemented on a CDC 7600 computer has permitted an
efficient approach to the problem. Besides the demand in terms of displacements contrcl has
forced the designer to use very stiff structures, so that no problem should arises from the
low frequency excitation of the earthquake, even if structural resistance could have been
guaranteed by a less heavy structural solution.

These analyses have shown that while the original machines (designed for conventional
service) are generally sound and well shaped for a more sophisticated use, some local modi-
fications have been found necessary. The typical pattern of these modifications is shown
and examples of corrective measures are presented and discussed.

Besides, particularely for service in fast breeder reactors other accidents such as
explosions or other dynamic loads and/or thermal loads have to be considered. Some examples
are given. For the case of thermal loading ASME 3NB rules have been used however for an ap-
praisal of the effect of constrained dilatation (particularely for essential components,
such as cooling piping or external shielding) non linear analyses by means of ADINA code

have been used.

Typical results have been presented and it is shown that even for these machines compo-
nents the use of ASME rules is highly desiderable and generally yields good results.



1. Introduction

The electrical machines to be employed in nuclear power plants must meet very strin
gent quality requirements generally defined by International Codes, to guarantee a high de-
gree of safety.

A very important requirement is that the machines must operate regularly during and
after a seismic event to allow a safe shut-down of the reactor.

The same safety criteria require that, in the case of a nuclear accident in the reactor,
the eletrical machines should not perform in any way which may be dangerous.

This paper deals with the design analyses performed for a system of electrical machines,

to be used in the variable speed drives of the primary coolant pumps of a LMFBR.

2. OQutline of the electrical machinery analyzed

The machines which are the object of this paper form an electrical system, shown sche-
matically in Fig.l. The liquid sodium , which is used as a coolant, is circulated by four
pumps, driven by vertical induction motors, which are supplied variable-frequency voltage
by four motor-generator sets.

Each M-G set is directly connected to the corresponding motor and consists of a 5300
kW induction motor, a 4800 kW hydraulic coupling and a 5300 kVA salient-pole synchronous
generator. The motor speed is 1490 rpm, while the altemator can operate at any speed bet-
ween 150 and 1500 rpm, generating voltage at frequency 5 to 50 HZ. Besides,a large flywheel
between the coupling and the generator is used to increase the total inertia of the M-G
set.

The M-G sets installed outside the reactor would not be involved in nu
clear accidents,therefore a seismic analysis was carried out for these components. The ra-
ted power of the vertical induction motors is 4170 kW and their speed is adjustable over
the range from 10 to 100% of the rated speed of 495 rpm. On the contrary, these motors,in -
stalled within the reactor,must comply with strict safety requirements, with regard to both
seismic events and nuclear accidents. An auxiliary induction motor is mounted on the upper
structure of each vertical motor and coupled through a reduction gear and a free wheel me —
chanism (see fig.2). This auxiliary motor is used both as starter and stand — by drive for

the motor - pumps set.

3. M-G set seismic analvsis

The seismic analysis of the M-G set was carried out using two competely different
procedures. Whereas the traditional mechanical calculations were used to verify the single
components of the machines, an over-all structural dynamic analysis was considered the ac-

curate method to verify the dynamic behaviour.
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As a matter of fact mechanical resistance is a necessary, but not sufficient demand,
as displacement control is obviously equally essential. Hence a very rigid structure; be-
yond the demands of mechanical resistance, has been designed; however it should be mentio-
ned that this machinery is generally by itself very stiff indeed in order to avoid vibra-
tion problems during normal operation.

A very refined model has been made as while one could expect sufficient stiffness as
a whole, local amplifications and resonances might be found. The use of SAP 4 /1/ code run-
ning on a CDC 7600 machine has been considered particularly proper and no difficulty and
reasonable costs have resulted in the analysis of dynamic models up to 1500 dof.

Much care has been given to the problem of correct modelling of the structures; they
are essentially built by an assembly of flat panels and a few beams. Typical meshes are
shown in figs 3,4,5 for the alternator, the motor and coolers assembly. The real alternator
and the motor frame are shown in figs 6,7.

The results have shown that the alternator had no problems but a few very local ones
e.g. around opening where local vibrations of no particular engineering meaning were found
(they were however easily solved by means of local reinforcements). On the contrary the
motor had to be slightly modified in the central portions, in particular the inertia of the
beams connecting the internal panels was not adequate. It is interesting to say that while
the alternator had beams made up by box type beams , round beams have been used for the
motor. Besides some modifications (increase of stiffness) had to be introduced in the front
and rear panels. As a comparison, the first five frequencies of the machine before and after

the modifications are reported in table 3.1.

Table 3.1

Motor eigenfrequencies

eigenmode 1st model stiffned model
1 14.6 32.8
2 14.8 33.0
3 16.8 36.5
4 17.2 36.8
5 20.2 41,

Again it should be stressed that, even for the original structure, the eigenfrequen-—
cies were large enough from the seismic point of view, however , in order to increase the
reliability od ANSALDO machines and to guarantee correct working the corrective measures

Jjust outlined were under taken. Typical modes are shown in fig.8.
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4 Vertical motor seismic analysis

The mesh of the 1824 dof model, established as for the horizontal machines, is
shown in fig. 9. Much detail has been given to the inner parts, where problems may be ex-—
pected.

Besides, a separate analysis of the shielding has been performed by means of Ghosh—
Wilson program /2/. While many shell multilobe modes were found at relatively low frequen
cies, over all flexural modes were not found up to 50 HZ.

Consequently (and in order to avoid too large a model) the external shield has been
modelled by means of equivalent springs connecting the two end sections of the model.

The presence of the reduction gear the free-wheel and the auxiliary motor has been
simulated by adding proper masses and inertias at the top section of the model. In this case
too the first eigenfrequency is high enough (30 HZ) in order to make sure no seismic amplifi
cation might take place.

5 Accident analysis

For the service in LMFBR, nuclear accidents had to be considered. Particular atten-
tion was given to the accident due to the reaction between sodium and fused nuclear fuel.

The causes of such @& accident are a sudden lifting of the plate on which the motors
are fixed with consequent very high accelerations ( 10 g horizontally and 5 g vertically)
and an abrupt increase of the temperature and the overpressure outside the motors (the va-
lues reached shortly after the accident are 960°C and 3 bars) .

For these reasons, the outer envelope was designed to ensure the motor resistance
with regard to the structure buckling, to act as a thermal shield of the internal parts
and to form a completely tight enclosure to prevent that motor cooling water and sodium
may come in contact and cause'the dangerous exothermic reaction.

An increase in the temperature of the envelope with respect to the inner parts cau
ses restrained expansions consequent strains overcoming the yield point. For this reason a
special element suitable to be plastically deformed was inserted.

wWhile no particular problem arises in the actual analysis of the structure (which
was indeed performed by means of ADINA code /3/, the model and strain pattern is shown in
fig.10 ), some problem may arise in the assessment of the allowable values, ASME 3 rules
/4/ were resorted to.

As a matter of fact, faulted allowable conditions were considered (due to the extre
me nature of the accident), however conservatively the strains consequent to thermal actions
were upgraded to primary ones and the allowab were consequently established (Appendix F)
for the case of plastic analysis.

Also for the thermal and mechanical design of the envelope the ASME III NB rules we

re used.
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The internal water piping wasdesigned to remain esolutely water tight during the accident.
A thermal analysis and a dynamic one were carried out by means of SAP IV Code, to study the

piping behaviour during the thermal transient and the initial accelerations.

6. Conclusions

Some results obtained during the seismic and accident analysis of electrical machine
ry for service in a LMFBR has been reported. The demand of a correct operation after and/or
during an earthquake has been solved, resorting to very rigid structures. However this goal
was not particulary difficult tobe achieved due to the very nature and original concepts of
the machines; as a matter of fact only minor modifications were necessary in order to have
the first eigenfrequency above than 30 HZ.

Very refined models (up to nearly 2000 dof) have been used for the dynamic analysis
of the machines in order to be able to pick up even local modes.

Some difficulties in dealing with thermal accidents (for which precise rules are not
completely available for these specific machines) were solved by a somewhat conservative
use of ASME 3 rules.
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FIG. 2 - MAIN AND AUXILIARY VERTICAL MOTORS

FIG. 4 - MESH OF THE MOTOR
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FIG. 3 - MESH OF THE ALTERNATOR
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FIG. 5 - MESH OF THE COOLER BOX
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FIG. 6 ~ ALTERNATOR FIG. 7 - FRAME OF THE MOTOR
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FIG. 8 - TYPICAL VIBRATION MODES
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FIG. 10 - MESH FOR ELASTOPLASTIC ANALYSIS
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