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ABSTRACT 

The knowledge of in-core instrumentation performances is a 
very important item when irradiations of technological interest 
are concerned. When measurement of small changes in mechanical 
or thermal properties is of major importance, the effect of neu
tron and gamma irradiation on various transducers must be 
thoroughly evaluated. 

A rig mock-up was irradiated in the Triga Mark II Reactor of 
the Pavia University to assess the possibility of carrying out 
a study on irradiation effects on in-core instrumentation. 

Data on neutron flux distribution and X-heating effect were 
collected from this preliminary experiment; at the same time a 
complete check was performed on rig assembling procedure, on 
the behaviour under operating conditions, and on the reactor 
loading and unloading operations. 
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Introduction 
Electrical transducers are widely used as a convenient means 

to detect very small changes in physical parameters of components 
or systems submitted to experimental tests. Elongation, bowing, 
strains, temperatures are typical parameters to be measured, an 
important example being the field of nuclear fuel development 
studies. 

The use of transducers - either directly available on the 
market or specifically designed and constructed - is condition
ed by the detailed knowledge of their behaviour in the environ
ment they shall experience. 

The main parameters to be determined during experimental 
tests are: 
- zero drift; 
- change in sensivity slope; 
- time to failure. ; ..... 

These parameters can be rather easily measured carrying out 
laboratory tests when high pressure, temperature, and highly 
corrosive environments are concerned, while an in-pile test is 
practically the only way to have useful data on the transducer 
behaviour in a nuclear radiation field. 

It should be pointed out that only a small amount of experi
mentation has been performed to determine transducer radiation 
tolerance, and the available information seldon mates a specific 
problem. 

This paper deals with a preliminary work aimed at evaluating 
the possible use of the TRIGA reactor of the Pavia University 
as an irradiation facility for this kind of experiments. 

General design criteria 
Many experimental channels are available in a TRIGA reactor, 

but the radial penetrating "D" channel (fig. 1) was selected 
for its quite large cross section, and because the end of this 
channel is practically in contact with the reactor core; the 
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central channel, which offers a quite higher neutron flux was 
discarded for its small volume. 

Transducer performances can be evaluated by two different 
techniques: 
1 - irradiation of transducers and out'-of-pile calibration; 
2 - irradiation with in-pile calibration of transducers. 

In the former case the rig has no other function but hold in 
position and contain the transducers which are being tested at 
various times during the radiation test. Calibrations are per
formed discharging the rig from reactor and extracting trans
ducers in a hot cell, where all calibration tests too are per
formed. Then the rig is reassembled and charged again into 
reactor. 

When the second technique is used, the rig itself must contain 
all calibration devices or, at least, the most significant of 
them. 

In this way all operations are performed "in situ" without 
removing the rig from reactor along the whole test time. 

The first technique (out-of-pile calibration) has some at
tractive characteristics: 
- easy design; 
- maximum volume gain; 
- possibility of performing very accurate calibrations. 

The main disadvantage is the need for complex external faci
lities such as transfer lines, hot cells, etc. 

The irradiation with in-pile calibration technique offer the 
following main advantages: 
- possibility of performing tests with the transducer under 
irradiation: this advantage is obviously very important if the 
interdependence between instantaneous neutron flux and trans
ducer output is to be measured; 

- handling problems after each irradiation run are circumvented, 
the final transfer to the waste system being only required. 
Irradiation with the in-pile calibration method was selected 
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because of this last advantage, and because available experiment
al, facilities better fitted this particular technique. 

Transducers to be tested were selected taking into account: 
- the particular requirements of experimental programs under 
development at CISE laboratories; 

- the experience arising from instrumented fuel element assem
blies irradiated in research reactors such as HBWR, Halden -
Avogadro, Saluggia - and ESSOR, Ispra. 
Transducers selected for tests are listed in Table no. 1 
Some auxiliary instrumentation (four thermocouples and one 

-emitter)was also devised to have a continuous display of trans
ducer temperatures and local neutron flux. 

Description of rig and rig mock-up 
A sketch of the rig is shown in fig. 2. It is worthwhile not

ing that this is only a preliminary design, which has been used 
as a basis for mock-up construction and testing; experimental 
data after the test might give feedback information suggesting 
some changes in the design. 

As shown in fig. 2, all mechanical components and transducers 
are supported by an aluminum main-frame (1). An aluminum cylin
drical container (2) holds the internals in position against the 
reactor; cables from transducer, pressure pipes to pneumatic 
actuating devices and rig pressurizing pipe (3) enter the con
tainer through the leak-tight penetration (4). 

A constant-strain Zircaloy-2 cantilever beam (5) can be de
flected, from its neutral position, by means of a push pull rod 
and bellows system pneumatically actuated from the outside. The 
beam maximum deflection is limited by two mechanical stops, while 
the beam neutral position is guaranteed by the large blacklash 
between beam tip and actuating rod. Four strain gages (6), (two 
on each side), are bonded to the beam surface and four LVDTs (7), 
in contact with the beam center-line, follow the beam displace
ments. 

P 

3-30 



This arrangement guarantees three very accurate calibration 
points, and namely: 
- the neutral position 
- the two full-deflection positions. 

It is to be observed that calibrations can be carried out 
also at any intermediate position by balancing the bellows pres
sure against the beam spring force; obviously this technique 
offers a poor accuracy, as the beam spring constant may suffer 
some changes during the irradiation test. 

The XY transducer (8) calibrations are performed by another 
actuating device (9) which displaces the transducer sensing tip 
along two coordinates on a plane perpendicular to the transducer 
axis. Some thermocouples (10) give a record of transducer tem
perature, and a p-emitter (not shown in the figure) also allows 
the local average neutron flux to be recorded. 
' On the basis of this preliminary design, the mock-up shown 

in figs. 3 and 4 was made, the main purposes being the following: 
- to check the rig assembling procedures; 
- to gain some practical information on the rig handling during 
loading and unloading operations into the reactor; 

- to collect data on transducer V-heating and thermal neutron 
flux distribution in the test zone. 

4 

Fig. 4 shows the main components; it is worthwhile pointing 
out that transducer mass, materials, volume and main dimensions 
are closely simulated in the mock-up; of course no attempt was 
made to simulate strain-gages and thermocouples owing to their 
very small masses. 

Mock-up instrumentation, better visible in fig. 3, consists 
of: 
- one Al-Co wire along the rig longitudinal axis; 
- two Al-Co wires near the rig end (one wire parallel to the 
reactor vertical axis and the other parallel to the earth 
line); 

- two Al-Co strips along the center-line of the constant strain-
beam; 
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- ten Ai-Co wire rings, one at the two end sides of each trans
ducer; 

- four Cr-Al thermocouples dipped into the center of three LVDT 
simulators, and one into the XY simulator; 

- one thermocouple on the supporting frame of LVDT. 

Experimental procedure and results 
The mock-up was introduced into the "D" channel of the TRIGA 

reactor of the Pavia University,and the reactor started as soon 
as the thermocouples showed that the thermal equilibrium between 
rig and channel had been reached. 

The irradiation test was performed keeping the reactor power 
level at 250 kW over a 30-minute test time. 

A quite longer irradiation would have been desirable from 
the point of view of X-heating equilibrium temperature, but 3 0 
minutes at the test power level can be considered as a top on 
account of the difficulties involved by Al-Co post-irradiation 
handling procedures. 

The plot of fig. 5 shows the trend of transducer temperatures 
vs. irradiation time; no appreciable temperature difference bet
ween LVDT temperature was found (upper curve) while a quite low
er temperature was reached by the XY transducer model (lower 
curve). 

As previously pointed out, the Y-heating equilibrium tempe
rature had not been reached; an equilibrium temperature of about 
100°C can however be taken as a conservative figure by extrapo
lating the higher LVDT curve. 

As the transducer maximum operating temperature exceeds 300°C, 
the test clearly demonstrated that no cooling system is required 
in the final rig design. 

The values of transducer thermal neutron fluxes are listed 
in Table 2. 

The maximum and minimum values of neutron flux refer to counts 
on the Al-Co detectors mounted on the front side (towards the 
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reactor core) and on the back-side respectively. The fluk on 
strain-gages refers to measurements on the t'wo Al-Co strips on 
the cantilever beam. 

The spatial flux distribution in the rig mock-up is shown in 
figs. 6, 7, and 8 (solid line), while the dotted line represents 

(° ) 
flux distribution in the empty channel . The comparison bet
ween curves in figs. 6, 7 shows that neutron absorption of trans
ducers and structural componets causes a ^J 10% decrease in neu
tron flux in the plane coincident with the front end of the 
rig, whereas from fig. 8 it can be easily seen that the absorb
ing effect ale ig the rig axis is confined to the first 30 cm zone. 
Final remarks 

The whole experimental work and data obtained from the irra
diation test confirmed that an instrumented rig of the type de
scribed in this paper, can be successfully tested in a TRIGA 
MK-2 reactor. In spite of the very simple nature of the experi
ment and its low cost, valuable practical experience has been 
gained in connection with rig design and handling. The project 
economics is now to be carefully weighed in view of CISE activi
ties and requirements in this field. 
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TABLE 1 

transducer 
type 

i ' •• 

variable to be measured number of 
transducers 

LVDT Linear displacements 4 

XY transd. Displacements on a plane 1 

Strain gages Surface strains 4 

TABLE 2 

transducer 0 
(n. 

12 max . 10 
-2 -1 

zm . sec ) 

0 
(n.< 

min . 1 0 1 2 

sm . sec ) 

LVDT N. 1 1 .40 1 .16 

LVDT N. 2 1 .35 1.11 

LVDT N.3 1 .32 1.08 

LVDT N. 4 1.29 1 .11 

XY 1.04 0.99 

Strain gages 
(front-side) 

1.63 1 .60 

Strain gages 
(back-side) 

1 .52 1 .49 
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Fig. 3 - M o c k - u p of the r ig . 
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Fig. 4-Magmfied view of the transducer assembly, 
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