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Six years satisfactory operation in PHENIX has proved 
the reliability and effectivness of under-sodium viewing 
(VISUS) and Acoustic Detection. This fact has been strong 
incentive to maintain, on the future LMFBR the visus as well 
as the Acoustic Detection functions. These two funtions are 
performed on SUPER PHENIX, by two sets of distinct systems 
using the well-known wave-guide solution. Taking into ac
count of recent improvements in sodium immersible acoustic 
transducers technology, CEA decided to undertake the deve
lopment of a multi-funtions instrument. This paper gives an 
outline of this new concept, wich should be able to reduce 
the cost and the complexity of core instrumentation. 
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ABSTRACT 
Six years satisfactory operation in 

PHENlXhas proved the r e l i a b i l i t y and effec-
tivness of under-sodiim viewing (VISUS) and 
Acoustic Detection. This fact has been strong 
incentive to maintain, on the future LNFBR 
the visus as well as the Acoustic Detection 
functions. These two functions are performed 
on SUPER PHENIX, by t w sets of distinct sys
tems using the well-known wave-guide solu
t ion. Taking into account of recent improve
ments in sodium immersible acoustic transdu
cers technology, CEA decided to undertake 
the development of a nulti-functions instru
ment. This paper gives an outline of tiiis 
new concept, which should be able to reduce 
the cost and the complexity of core instru
mentation. 

1. INTRODUCTION : TARGETS OF HIGH TEMPERATU-
RE ACOUSTICAL SENSOR DEVELOPMENT 

piezoelectric element in a >:o1d area. The 
VISUS system, which has perfectly well wor
ked in t t« PHENIX reactor since i ts start , 
and the acoustical detection system, used 
in RAPSODIE and PHENIX, are based on the 
same principle' / 1 / . At the same time, 
the study and developement of a high tem
perature transducer, capable of operation 
when immersed in liquid soa.ura, were under
taken. The develorment of this sensor now 
has reached a satisfactory îevel , making i t 
possible to consider the use of i t in reac
tors. 

This document deals with the most im
portant results achieved during the develop
ment studies of the ultrasonic Lithium 
Nlobate transducers and brings forward some 
applications, currently in progress in the 
C.E.A. 

At the beginning of the research in the 
f ie ld of IMFBR, i t was found that commercial
ly available acoustical sensors were up to 
water reactor standards only ; they were by 
no means able to withstand liquid sodium en
vironment. 

Therefore, the f i r s t applications of 
acoustics in the f ie ld of fast neutron reac
tors were based on the wave-guide technology 
which makes i t possible to Install the 

.2 . DEVELOPMENT OF ULTRASONIC LITHIUM N10BA-
TE TRANSDUCERS 
2 . 1 . Descr ip t ion of the Transducers 

The sensing element of the t r a n s - ' 
ducers is a Lithium Niobate ( L I N b 0 3 ) 
disk which keeps i t s p i e z o e l e c t r i c 
c h a r a c t e r i s t i c s up to about 1200*C. 
The disk i s protected against itty 
contact w i t h sodium by means of a 
s t a i n l e s s steel casing ( f i g . l r e f e r s ) . 
The acoust ic c o r r e c t i o n between the 



crystal and the active window is ensured by 
hard-soldering. 

2.2. Resistance to a Fast Neutron Reactor 
Environnent 
. Endurance testing in hot sodiun : 
40 transducers have been immersed in sodium 
for various durations (f ig. 2 refers). The 
first transducers to be immersed arc now ope
rating under these conditions for more than 
17,000 hours and no failure has been eviden
ced to this day. The acoustical detection 
system of RAPSCOIE is provided with a trans
ducer of this type since May 18 t h , 1977. The 
endurance testing 1n currently sti l l in pro
gress. 

. Thermtl shocks : 
Two transducers have withstood 54 thermal 
shocks (with 40 of them at a rate of - 20*C/s) 
without any damage. Such a temperature evolu
tion simulates the most severe conditions, 
the transducers will have to withstand during 
emergency stops or scrams of the reactor. 
Complementary tests of this type are schedu
led. 

. Resistance to Irradiation : 
The Lithium Niobate crystals are Li 7 enri
ched to improve their resistance against Ir 
radiation. Two transducers have been Immersed 
In the flux In the RAPSODIE core from 
May 12 t h , 1977, to September 19 t h , 1977. 
Thanks to this test, i t has been established, 
that transducers are able to withstand suc
cessfully a fluence of 9.6.10 2 0 n/cm . 

. Calibration : 
A calibration procedure, relying upon the 
principle'of reciprocity, has been applied 
to the sodium case : the response characte
ristics of the transducer can be derived in 
this way without any standard transducer. 
Figure 3 snows the results obtained for a 
standard transducer. Its sensitivity is ra
ther constant in the low frequency range 
and Its resonance appears clearly round 
». S KHZ ; this feature is in compliance 
with calculation. 

3. VISUS AMD ACOUSTIC OETSCTION TYPE APPLI
CATIONS 

SPX 2 . , Mke its predecessors,.will 
be provided with a VISUS system offering 
a mean to check the absence of any obstacle 
between the core and the instrumented plug 
prior to the rotation of the rotating plugs 
during handling operations. An acoustic 
detection system also takes part in monito
ring and anomaly detection at core level. 
The purpose of the research and development 
work currently in progress is to provide 
these devices with Immersed type transdu
cers. 

3.1. OesJqn studies 
Utilization of immersed transducers 

will result In the following advantages -. 
1/ reduction of size and structure complexi
ty. 2/ reduction of starting time of the 
VISUS system. 3/ Simplification of the 
transfer function of the measuring equipment. 
The first two points are especially impor
tant for the VISUS system. 



For this apparatus, the solutions as 
investigated are characterized mainly by 
a relatively small diameter, a feature allo
wing for their installation in the instru
mented plug area. In this case, ".here is 
no more a need to withdraw the equipment 
prior to a power rise of the reactor, neces
sary for thé solutions retained for PHENIX 
and SUPER PHENIX 1. This means a ouch less 
intricate mechanical design. On the other 
hand, the sensitivity of the equipment, ins
talled in the middle of the assembly area, 
will be somewhat lower ; i t will work as 
an "acoustic swec ana". 

In fact, various solutions are current
ly investigated : figure 4 illustrates a 
solution with two transducers. The first 
of them sends a ultrasonic pulse sequence 
which is received by the second transducer 
after reflection by an obstacle.This way 
of operation has al-eady been used for the 
VISUS system in PHENIX and SUPER PHENIX 1. 
Another version uses only oneultra-sonic 
transducer acting in turn as an emitter and 
then as a receiver. I t is true that this 
solution requires transducers with a.i high 
level of reliability. 

Whatever be the solution eventually 
selected, i t should be noted that the 
ultrasonic transducers of the immersed ty
pe could not be guaranteed for th* whole 
service l i fe of a nuclear power plant. I t 
is therefore a requirement that these de
vices be designed for easy replacement of 
the centre portion of the transducer sup
port. 

For reasons of comparison, figure S 
shows a simplified diagram of a conventional 
VISUS system, made as simple as possible, 
taking into account the experience gained 
during previous achievement. 

There is even another interesting pos-
sibilty from an economic point of view,this 
solution is to group the VISUS function and 
the acoustic detection function in one equip
ment. Figure 6 outlines an illustration of 
this type. Two or three devices of this 
tyoe might be installed on a reactor 
with the dimensions of SUPER PHENIX 2. 

3.2. Exoericsntal work 
Figure ' shows the under sodium view 

of an assembly suitable for PHENIX dimen
sions, realized with two transducers immer
sed. Thi definition obtainw makes i t possi
ble to hope that fairly utilizable results 
will be achieved under operating conditions 
in a reactor. 

The next step of this design work, 
which will start arejnd the middle of 1980 
in the test facility of VISUS of SUPER -
PHENIX 1 will allow'for the study of various 
removable central sleeves, so as to find 
the most favourable solution for the final 
design of the measuring head. 

•.MISCkLLANEOUS APPLICATIONS 
Innersed transducers ar« liable to 

be used for others applications in a Fast 
Neutron Reactor. 



They could be used for Instance for 
distance measurement purposes, which would 
make i t possible to follow the displa
cements of internal structures at least a-
mong the most important ones, I f a disposal 
fir.ed reference data exist. These transdu
cers could also be used to watch local 
defects from a short distance- Application 
studies of th is type are currently in pro
gress. 

A third application, the development 
of which is ahead of other studies in the 
C.E.A., concerns tentatives to follow the 
displacements of the sub-assembly head in 
side the reactor. A special device designed 
to measure the temperature range above the 
sub-assembly head is also used to check the 
possibilities of immersed transducers with 
a view to this application. The measuring 
unit of this device is scheduled for Intro
duction into PHENIX by the end of 1980 ; 
this unit is shown figure 8. This unit 
coula be submitted to a translation of 
270 mm and a rotation of 360* . Three side 
viewing transducers w1l 1 confirm the results 
obtained in thé sodium loop, with a view to" 
the capability to perform the VISUS func
t ion . The three vertical viewing transducers 
are supposed to be able to visual iz*. the 
f l a t portion of the PHENIX sub-assembly 
head and to follow i ts possible displace
ments during several irradiation cycles of 
the reactor. Some underwater testing carried 
out already shows (figure 9.) that tills 
measure is possible. 

5. CONCLUSION 
The long ten* development work required 

for the improvement of transducers of the 
inverse4 type has now reached i ts completion 
as the use of them for in-core applications 
might be considered. 

The most important objective of the 
C.E.A. in this f ie ld surely is the develop
ment of a VISUS apparatus with or without 
a transducer working for acoustic detection 
of boiling. 

The attempt of visualisation of a 
sub-assembly head in PHENIX s t i l l requires 
a lot of research and development work. 
In case of success, the results of this 
experiment are l iable to yield Interesting 
information on the mechanical behaviour 
of an operating fast neutron reactor cere 
as a whole. 

REFERENCE 
1 . N. LIONS et a l . : 'ut i l isat ion and per

formance of sodium instrumentation du
ring start-up and in i t ia l operation of 
PHENIX. 
CHAMPION (U.S.A) May 3 - 6 1976 



STAMOAAO «CM TEHPCRATVIPeS 
US. TRANSDUCER 

—•- —* 

MtCM TtM»>e«ATv*»es u.*. TBAMsexjcens 
P C s u n o F r e s r s coMft r reo I N SOORJM 

VI Sus 
co» wigrc WITM TWO i m a u m TRANSDUCERS 

"*•»• • 



VtSUS TYPC SUPCR PHCN>X.STMFPeO O W M C N T ON-PHCMX-RCACTOR 
M c u w i n g K«sd ( f w ç m a i w M ««« lew I 

MXCD MCAO IVtSUS . ACOUSTIC SCNSflftf 

coNCorrmc CMCULAA SCAMMNC 
usa 10 MCAOHCAJuna-CNr n « n o N « c i 



TUBE 

OBJECT REFLECTION 

(T = 250 *C ) 

SUBASSEMRiy 

/HEAD 

ULTRASONIC IMAGING BY SWEEP ARM USING 

IMMERSED TRANSDUCERS IN SODIUM (OBJECT RANGE : 2 METERS) 

AXIAL RESOLUTION EFFECT OF DETECTION 
SUBASSEMBLY HEAD ONLY THRESHOLD 

Figure 7 


