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Abstract :

In a fast neutron reactor, the fluid reachs the high-

est speeds in the core. Very turbulent, the resulting excitation

incites the core elements to vibrate. A knowledge of the relative

amplitudes and relative lengthening attained is necessary for the

evaluation of the damage which could ultimately be produced.

These vibration studies are carried out at the

CADARACHE Nuclear Center of the totality of the assemblies and

on the constituants of these assemblies. Concurrently, an

analysis of the fluctuating pressures in the fluid is carried out.

INTRODUCTION

In a fast neutron reactor, the fluid reachs the

highest speeds in the core. Very turbulent it constitutes a

strong source of excitation. The elements forming the core

are therefore submitted to random stresses of great energy.

They respond to this by vibrating according to their vibra-

tory characteristics.

These vibrations are troublesome in as mocB as Chey

are accompanied by noises which can disturb certain measurements,

and where they can induce by high amplitudes in the resonances,

fatigue ruptures when the damping is not sufficient.

A knowledge of those vibrations is therefore

important, on the one hand, in order to prevent the occurence

of such phenomena, and, on the other hand, to permit, as far

as possible, the following-up through the evolution of the

spectrum and the standard deviations, the mechanical comport-

ment of the element.

These vibrations studies are complementary to the

general studies of the fast reactor core performed by the CEA

at the Cadarache Nuclear Center. They apply at the same time

to the assemblies as a whole, to each component of the assem-

bly and to the surrounding elements such as the temperature

measurements devices.

For each element studied, the analysis comprises

a study of the intrinsic vibratory characteristics through

calculation, then, by measurement of the mechanical impedance

and the damping in air.

- A study of the response of the element under

hydraulic excitation.

- A study, each time it is possible, of the

random pressure.

- Direct measurements on the reactor when possible.

From these tests are extracted the spectral or inter-

spectral densities giving the vibratory identity of the concerned

element (it is thus possible for the element to be followed, as

the case may be, during its life in the reactor), the amplitudes

of the movements with shock risks they could induce, the strain

intensities with their happening frequencies in order to deter-

mine the risks of overstrain-caused, the nature of the excitation,

its energy spectrum and its correlation length.

The transducers utilized are essentially accele-

rometers, strain gauges and fluctuating pressure transducers.

All this work has been carried out with various

types of assemblies constituting fast reactor cores studied at

the CEA (Rapsodie, Phenix, SPX 1). Whether the excitation is

purely internal (internal longitudinal flow) or longitudinal

external associated with a transversal flow, these studies

show that the response is proportional to the excitation on

which the natural resonances come to be superimpose.

Nevertheless, in most cases, the vibration levels

remain weak and only affect certain measurements which they

modulate to the frequency of the structure : this is the case,

for example of temperature and neutronic measurements.

1.- WORKING METHOD

The study is divided into three parts :

a) an analysis of the vibratory characteristics of

the structure,

b) an analysis, whenever possible, of the turbulence

which is source of the excitation.

c) measurement of the structure response under

hydraulic excitation.
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I.a.- Vibratory characteristics of structures 2.- EXPERIMENTATION ON ASSEMBLY MOCK-UPS 64
In order to characterize a structure from the

point of view of vibration , one describes as carefully as

possible the concerned structure while respecting the relation-

ship to the environment, following which, using the TEDEL code,

one calculates the natural frequencies and associated modes,

the moments, the various efforts and the strains.

The second step in measuring the response of a

mock-up at scale 1, scrupulously representative in geometry,

kinetics and material nuances, to a sinusoidal excitation in

air.

The readings of the deformations of the first

modes are performed with the aid of transducer placed along

the structures.

l.b.- Analysis of turbulence

The fluctuating pressure is measured in the walls

by pressure-transducers. The registered signal is cleaned of

parasites and processed. The spectral and interspectral densi-

ties are calculated after several transducers have been placed

as well as the standard deviation of the fluctuation.

I.e.- Response of the structure under hydraulic excitation

All of the hydraulic tests that we perform are

done in water at the ambiant temperature. We work in a simi-

larity of speed, respecting the number of Cauchy.

The structures are equipped with accelerometers

and strain gages. Their responses give the spectral densities,

the standard deviations, histograms of amplitude. We can

deduct the vibration modes, displacements, the strains and the

frequency of their appearance. Translated into a number of

cycles for the life of the reactor, we can compare the levels

of strains to ASME security strains in order to try to

evaluate the risks.

We must not forget that those risks come in

addition to all the other risks as thermal, mechanical

stresses, etc...

The core of fast neutron reactors is composed

of vertically disposed assemblies in accordance with hexagonal

lattice, the feet of which are plugged down in the diagrid

sleeves. At the temperature of nominal operation these assemblies

are in contact with each other by pads, situated at about 2/3

of the height of the assembly above the upper plate of the

diagrid. Other than the contacts, and the upper and lower

connections of the diagrid sleeves, the assembly is free. The

result of this is that there may be two'movements. One movement

of the assembly which drives the pads contact into mode shape 1

of the vibrations. An individual movement, respecting the pads

as a rigid contact.

The true movement is the superimposing of the

two described modes to which is added the forced movement

due to the accumulate* energy in the other spectral frequencies.

The hydraulic excitation due to the turbulent

flow affects all parts of the assembly including the external

envelope as well as the internal elements such as the pressure

drop systems, the hook rails for the pins and the pins itself.

The study which is going to be described more

particularly concerns the global motion of the assembly. From

this point of view, the fluid which penetrates at the foot to

emerge at the head exerts its influence all along the mock-up.

This foot is subjected to the excitation due to the flow, on

the one hand, across the grid sleeve by a coupling of the foot

with the grid sleeve and, on the other hand, that due to the

action of the fluid on the inlet slottes and the internal walls

of the foot. The stiffness of this part of the mock-up limits,

nevertheless, the importance of the excitation. Penetrating

afterwards the body of the assembly, the fluid acts on the

internal walls of the hexagonal tube and on the pins in the

interior. The surface presented to the random pressure is large.

The reaction of the pins in their movement exerts itself on

these walls, thus adding itself to the surface forces. If we

know too that the stiffness of the hexagonal tube is less,

it can be said that this part of the mock-up is very largely

affected. Finally, there is the PNS (upper neutron sheilding)



massive and infinitely rigid by comparison. If the random

pressure has only a small effect on this part, the reaction of

the jet at the outlet serves to increase the vibration by a

whipping action. This has even more effect in that part,

reasonably heavy, of the mock-up, as it is far from the embedding

and thus supplies to the applied forces a strong lever arm.

As to the part of the flow becomes horizontal by.

deviation under the core cover, it does not contribute to the

excitation of the assembly heads. Recent measurements have

shown, in effect, that the random pressure, read over the length

of an ascending vertical, starting from the lateral face of an

assembly head and going right up to the core cover, have a

correlation length of a few centimeters. Comparing the distance

separating the assembly heads from the horizontal profil of the

flow, it appears that these pressures are decorrelated. It

results from this that only the internal flow participates in

the excitation of the assembly.

This experimentation on mock-ups of assemblies

has been conducted on the geometries corresponding to three

types of French reactors : Rapsodie, Phenix and Super Phenix.

2.1.- Test conditions

The assemblies are placed in a cylindrical test

vessel. They rest at the bottom of this vessel on a spherical/

conical bearing which insures the tightness between the inflow

by the foot and the part situated above this bearing. This

results in a strictly internal flow and static water surrounding

the hexagonal tube. Above the spherical/conical bearing the

assembly is free over its entire height, the contact at the

pads level is not realized.

The comportment of a bundle of assemblies is not

analysed. From the point of view damping, only that due to the

water is taken into consideration.

It is planned to study the damping due to the

mechanical action of the mock-up assemblies (friction between

pads) one upon another, in a separate test, utilizing the

release method.

The mock-ups are equipped with accelerometers

placed on the head of the assemblies aimed in two directions

at 90°. The fluctuating pressure is measured on the inner wall

of the head near to the mock-up outlet (fig. 1).

2.2.- Methods of an analysis

During these tests all the measurements are

plotted against the reactor flow rate. For some cases,

-analysis of the Phenix combustible mock-up- certain measure-

ments are taken in function of the reduce fluctuating pressure.

The displacements are obtained by measure of the

area under the spectral density curve, this having been obtained

from the spectral density of acceleration.

The maximal values of acceleration and displacement

are obtained by taking three times standard deviation, the

signals being Gaussian.

2.3.- Test results

As a general rule, the assembly mock-ups respond

by their own free frequencies to the hydraulic excitation.

Considering their dimensions, their resonancesare situated in

the low frequencies range and are therefore placed in the most

energetic part of the spectrums of the fluctuating pressure.

The profile of which has the aspect, in general, of an exponen-

tial cutting out at 250 to 300 Hertz without significant dis-

persion line. The table below gives, by assembly type the vibra-

tion modes measured in sinusoidal excitation and those read

under hydraulic excitation.
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Mode N°

1

2

P H E N I X

Calculated

4,1 Hertz

24,4

Measured

4

(18,20)

S U P E R P H E N I X

Calculated

3,1

18,2

Measured

2,8

(18,20)



The damping are in the neighborhood of 2 % which

explains that Che displacement amplitudes are weak and are not

caused to fear, for our types of reactors, a risk of damage.

Figure 2 shows the acceleration spectral density

for the assembly mock-up Phenix combustible, for an output of

0.7 Qn corresponding to the speed similarity. The correspondance

between this spectrum and the assembly resonances should be noted.

The profiles of the standard deviations of accelera-

tion at the level of the assembly heads, in function of the

flow rate, increase in a regular manner. For the Phenix assembly,

the increase rate of acceleration is clearly higher for the flow

rate of zone N° 2 of the reactor (Fig. 2) than for the one of

zone N° 6 (Fig. 3) This stems from the fact that the flow is

less important in Zone 6. The ratio between acceleration levels

of the two zones is in effect 10.

During the tests corresponding to the flow rate

of Zone 2, the fluctuating pressures were read at the assembly

outlet. This fluctuating pressure is related to the dynamic

pressure in the corresponding section.

The profile of this reduced pressure in function

of the flow rate (Fig. 2) shows an instability in the low for

the low fluid velocity. We tried to plot the acceleration res-

ponse in relation to this reduced pressure (Fig. 2) but without

much success. A calculation of coherence did not give any

significant result. This is explained by the fact that a local

disturbance of pressure masks the flow turbulence and does not

permit the establishment of a correlation. The acceleration

response in function of the flow rate (Fig. 4) fertile Super

Phenix mock-up presents a profile identical with that of the

Phenix assemblies

The maximum displacements corresponding to the

different assemblies are in agreement with the level of the

speeds corresponding to the outputs.

Type of assembly

Phenix combustible

Super Phenix
fertile

outputs

strong

weak

speeds

high

weak

maximum
displacements

Smax=+ 0' l 2 m m

max = + 5,1x10 mm

It is evident from these various tests that the levels

of the parameters tested remain weak. To the weak displacements

correspond deformations of weak curvatures and levels of weak

associated stresses. The life times are therefore not affected.

CONCLUSION

The different results obtained during these

experiments, allow it to be said that, concerning the excitation,

the fluctuating pressures reduced are strong in the lower opera-

ting conditions of the reactor and regulate themselves when the

running conditions increase. Generally, no particular spectral

line is noted on the power spectrum which always conserves a

decreasing exponential form of the low frequencies towards the

high frequencies with the extinction of the signal around 300 Hz.

The correlation lengths, according to the regions and the concer-

ned singularities vary from a few centimeters to several dozens

of centimeters, affecting the entire element or parts of elements,

for example, when one is interested in an assembly several

meters long.

The structures respond to these stimilants by their

own proper characteristics which superimpose themselves on a

background noise of the structure due to other frequencies of

the pressure spectrum.

The standard deviations of motion of the elements

are proportional to the flow rate when one refers to this

parameter, or inversely proportional to the reduced pressure if

one measurs in function of its size. In the two cases the

amplitude increases with the intensity of the turbulence.

For each corresponding amplitude in the structure

theee is an alternate relative elongations which could cause

fatigue damage, thus limiting the life time. Fore these reasons,

the knowledge of the amplitude distribution of parameters is

one of the most significant analysis methods whether obtained

by direct measure (strain gages) or by intermediate calculations

(accelerometer, displacement gauge) for it permits

(in the future when this method will be well understood) an

evaluation of the damage rate in comparing these maximum values

of relative elongations to those given by the fatigue curves
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for the same number of cycles. These measurements will be that

much more necessary in as much as the future is oriented towards

more compact cores causing higher flow speeds. The excitation

which results therefrom will be stronger and stronger and it

will be necessary to jugulate these effects on the structures

without penalizing them trough higher manufacturing costs due

to the greater complexity. This will only be possible through

having attained an excellent knowledge of excitation and of

structure responses as well as their damping in the flow, and

either of how damages occurs due to fatigue under random

excitation. Such knowledge opens up into future programs more

oriented towards a more precise description of the turbulent

flows in the various parts of the core from the input grid

along the assemblies up to the evacuation at the outlet of the

core in the core lid, and towards a good comprehension of the

mechanics of damping by the fluid and by the movements of the

structures in relation to each other.

T A B L E A U A.

FLOW RATES

q/Qn

0,5

0,6

0,7

0,8

0,9

1

i

m3/s

1,425x10

1,709x10~2

1,994x10"2

2,279x10"2

2,564x10"2

2,849x10~2

ASSEMBLY OUTLET

mean vo loc i ty
m/s

6,98

8,37

9,76

11,16

12J55

13,95

reduced p r e s s u r e

1 ,026 x 10~2

2,747 x 10"2

1 ,991 x 10~2

1,718 x !0~2

1,835 x 10~2

1,573 x 10"2

ASSEMBLY HEAD

Acceleration
**/&•

0,13

0,20

0,25

0,32

0,39

0,43

FIGURES AND TABLES

Table 1.- Phenix combustible assembly : fluctuating pressure

reduced and relative accelerations in the head of the

assembly

Figure 1.- Assembly plugged in diagrid,detail of assembly head

instrumentation

Figure 2.-Power spectral density

Figure 3.- Flow rate section N° 1 and 2 Phenix fuel assembly

head relation between assembly head acceleration

and flow rate (full line) relative pressure (dash line)

Figure 4.- Phenix fuel assembly relation between relative pressure

(assembly outlet) and flow rate

Figure 5.- Phenix fuel assembly flow rate section N° 6

relation between acceleration displacement and

flow rate

Figure 6.- Super Phenix blanket assembly

relation between assembly head acceleration and flow

rate.
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FUEL ASSEMBLY PHENIX
FLOW RATE, FLUID VELOCITY AND REDUCED PRESSURE MEASURED AT THE ASSEMBLY OUTLET

ACCELERATION OF THE ASSEMBLY HEAD

R E F E R E N C E S

- Random Vibration in Mechanical Systems
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"failure due to random vibration"
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Accelerometer

ASSEMBLY PLUGGED IN DIAGRID

DETAIL OF ASSEMBLY HEAD

INSTRUMENTATION

Detail A

.Pads

Detail A
Pressure. gage

Accelerometet

POWER SPECTRAL DENSITY

FLOW RATE SECTION N*1
0,7 On flow rate corresponding

to flow velocity similrtude
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FIG. 1. FIG. 2.



1m/s/s

0,43

0.39

0.32

0.25

0,20

• • •

0,13

FLOW RATE SECTION N°1 AND 2

PHEN1X FUEL ASSEMBLY HEAD

RELATION BETWEEN ASSEMBLY HEAD

ACCELERATION AND FLOW RATE ( FULL LINE)

RELATIVE PRESSURE ( DASH LINE)

1.03

Flow rate
H — •*— -i 1 i 1
0,5 0,6 0.7 0.8 0,9 1

1.72 Relation pressure
H—t-t—i • 1

4x10-

3x10"

2x10- 2 . .

10"

1.57 1.84 1.99 2,75 0.5

1e*

PHENDC FUEL ASSEMBLY

RELATION BETWEEN RELATIVE

PRESSURE (ASSEMBLY OUTLET)

AND FLOW RATE

Relative pressure

Flow rate
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PHENIX FUEL ASSEMBLY
FLOW RATE SECTION N°6
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FIG. 5. FIG. 6.


