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SUMMARY

This paper contains a description of the realisation of the first stage of an irradiation program
on resistance strain gauges. The scope of this program is to establish litnits on the use of resistance
strain gauges in a radioactive environment. To this extend a number of strain gauges is attached to a
tube-section in various compensating arrangements. The tube section is mounted inside an irradiation
rig and subsequently introduced in a reflector position of a CP-5 type reactor. The report gives a detail-
ed description of the irradiation device and summarises the data in the form of strain gauge parameters
versus integrated neutron flux. Definite conclusions concerning irradiation stability are given and the
continuation of the irradiation program is outlined.
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In-pile Application of Strain Gauges

Preliminary Results ()

1. INTRODUCTION

For many problems in the field of experimental stress analysis the application of
resistance strain gauges is indispensable. Among others, it is the only technique which
can be applied successfully for strain measurements at high temperatures. Its limitation
lies basically in the fact that besides strain, there is a large number of parameters which
might effect the resistance of the strain gauge. In many cases such parasitic effects can
render a strain gauge measuring point useless. This will occur either when the magnitude
of such effects is of the same order as the strain signal to be measured and/or when such
effects do not show sufficient reproducibility. Some of these effects can be compensated
for by choosing suitable bridge arrangements. In practice, however, it turns out that even
apart from material inhomogenities, the technique of strain gauge mounting does not
allow complete matching of active and dummy gauges. The most obvious source of para-
sitic effects is of course the temperature. Specific resistance variations, differentiel ex-
pansions, metallurgical changes, etec., are all due to temperature variations and introduce pa-
rasitic (or so-called “apparent”) strain signals. Another source of parasitic effects is the
medium in which strain measurements are to be performed. Corrosion, isolation resist-
ance variations, and other phenomena are to a large extent determined by the surround-
ing medium. When performing static strain measurements the time comes in as a very
important parameter. Actually, when considering mechanical strain variations of short
duration (dynamic phenomena) all the above mentioned effects of temperature and me-
dium play a minor réle as long as the velocity of the mechanical phenomena is large
compared to that of heat and mass-transfer phenomena. In the case of static measure-
ments, however, all the above mentioned effects have to be taken into account, in addi-
tion posing problems of creep of strain gauge components.

When in-pile strain measurements have to be performed one has to take into
account also the apparent strain signals due to radiation damage. Due to the statistic
nature of the irradiation damage one can expect that also under such circumstances the
normal compensation systems might be a way out. Nevertheless, it will be necessary to
establish the amount of parasitic effects introduced by radiation damage and to study
the lifetime of the various strain gauge components. These items formed the subject of
the research of which preliminary results are presented in this paper.

The first sections of the paper are concerned with a detailed description of the
irradiation device and related items. It was considered useful to include such a descrip-
tion as the main burden of an irradiation program lies always in the preparation of the
experimental set-up. The effort of all the people engaged in this irradiation program is
in our opinion best illustrated by a detailed description of its preparation.

The second part of the paper presents the results obtained in this first stage of
the program.

(*) Manuscript received on November 15, 1965.
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2. IRRADIATION FACILITY

Primarily for reasons of convenience it was decided to perform the first irradia-
tion experiment in the Ispra-I reactor at the Euratom center at Ispra. The Ispra-I reactor
is a low-power, heavy water cooled and moderated reactor of the CP-5 type. When the
irradiation program was to be started, a vertical irradiation position was available in the
heavy water tank, just inside the vessel wall. At this position, a relatively strong thermal
neutron and gamma flux was available, the fast neutron flux being rather weak.

The position of the irradiation rig is indicated on Fig. 1 and is in effect the
position of a peripherical fuel element. Fig. 2 gives a thermal flux map obtained in this
position. This flux map was compared to data obtained in the CP-5 reactor at Argonne
and reasonable agreement was found [ref. 1]. As a reference value for the average therm-
al neutron flux at the irradiation position a value of 3.10!3 n/cm? sec was selected, corres-
ponding to an integrated thermal flux of 7.5.10 nvt for an irradiation period of one
month,

As no data on fast flux were available at the irradiation position, a reference value
for the fast neutron flux was selected by approximate conversion of the data of reference
I. A fast neutron flux value of 10!! n/cm? sec was selected, corresponding to 2.5.10'7 nvit

after one month irradiation.

During the irradiation experiment the reactor was continuously operated at a power
level of 5 MW, interrupted only for short time shut-down periods for reasons of inspec-
tion and the annual shut-down period during August 1964 which was extended to almost
two months for reasons of installation of a complicated in-pile experiment.

3. IRRADIATION RIG

3.1. Pile-section

The irradiation rig is loaded through a hole in the top shield of the reactor
vessel. The upper part of the rig fills exactly this hole once the rig is in position, and
is hence called the “shield-plug”. This plug has the following functions:

a) radiation shield

passage of gas lines and instrument cables

)
b) helium tight sealing
c

)

d

support of the rig.

These functions are realised in the design as presented in the attached drawing
(Fig. 3). An accurately machined tube is filled with shielding material after three spiral-
ed mini-tubes have been mounted at the inside. The lower section of the plug is filled
with lead for effective gamma shielding. The plug is subsequently filled with concrete
for additional neutron shielding. Although the main support of the rig is given by the
shield plug, the lower end of the rig is seated on a nozzle in the bottom grid plate of
the reactor vessel. This nozzle serves primarily for positioning of the rig. During opera-
tion of the reactor the nozzle must be closed by the lower end of the rig, in order to
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avoid reduction of the coolant flow in the fuel element region. A minimum seating
force of the rig is thus required corresponding to the pressure difference over the noz-
zle. Such a seating force (including a safety factor of 2) is realised by means of a
calibrated spring between the shield plug and the in-pile part of the rig. This solution
was possible as the required seating force is small compared to the weight of the shield
plug. The transition piece between shield plug and in-pile part of the rig is moreover
designed in such a way that a misalignement of 5° between these parts can he absorbed
easily. This feature was necessary for reasons of differential thermal expansion.

The in-pile section of the rig contains a tube section to which the strain gauges
are applied on the outer surface. The inner volume of this tube section is connected
to an out-of-pile pressurising systemn through a gas tight minitube. In this wayv it is
possible to subject the strain gauges during irradiation to a certain amount of strain,
determined by the static pressure, the dimensions of the tube and the modulus of elasticity
of the tube material.

For reasons of security, this tube section is mounted inside a gas tight containment
tube, which in turn is connected to a shroud tube taking care of the structural integrity
of the rig.

The sensing element and its surrounding safety tube are free to expand axially,
both with respect to each other and to the shroud tube. They are connected directly
to the shield plug through three minitubes. One of these minitubes is the pressurising
line for the sensing element. The other two are connected to an out-of-pile circuit which
sets up a gas circulation in the annular space between sensing element and safety tube,
enabling to control the atmosphere of the strain gauges. One of the latter two minitubes
contains the leading wires.

At the lower end of the shroud tube a cylindrical container is mounted. In Fig. 3
the construction is shown. The hermetically sealed container is filled with a number of
gaskets and packings. As the space required for the strain gauge irradiation was more
than sufficient it was decided to combine the irradiation experiments on the gauges with
a passive irradiation of these sealings. The purpose of the irradiation of the gaskets
and packings is to study their deformation characteristics after exposure to a certain inte-
grated flux. A screwed connection is realised between the container and the rest of the
rig in order to allow the mounting of a second strain gauge rig when the measurements
show that increasing the integrated flux does not give additional information on the
behaviour of the gauges. The screwed connection is reinforced hy means of a helicoil
for increased reliability during remote handling.

3.2. Out-of-pile section

On the top of the shield plug the following connections are made:

1. Between the out-of-pile pressurising system and the in-pile sensing element.

2. Between the out-of-pile measuring equipment and the strain gauges and thermo-
couple which are attached to the sensing element.

3. Between out-of-pile helium circuit and the inlet and outlet of the in-pile helium
circuit between sensing element and safety tube.

An overall view of the out-of-pile system is given in Fig. 4.
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ad 1. The main components are a pressurized helium container and a pressure
regulating system with safety valve.

ad 2. The electrical connections between rig and out-of-pile measuring equipment
are realized by means of a leaktight multi-contact miniature connector of the bayonet
lock type. Special precautions have been taken with respect to the mounting of this
connector as the soldered connections of the individual wires and pins are very fragile.

The strain gauge and thermocouple signals are transmitted to automatic recording
systems. For strain gauges: a channel selector, a measuring bridge and a paper recorder.
IFor thermocouples: a measuring bridge with direct recorder.

ad 3. The out-of-pile helium circuit contains:

a) a helium compressor of the oil controlled membrane type, with a continuously
variable flow,

b) a static pressure regulating system, made up by a pressurized helium container,
reducing valve, a pressure regulator and safety valve,

c) temperature and pressure recorders for in-and outlet of the rig,

d) aflow-meter,

e) a helium dryer,

f) contact manometer for emergency purposes.

3.3. Handling

The loading of the experimental rig will principally be performed as the loading of
a fuel element. No special precautions have to be taken when the rig is mounted for the
first time.

However, unloading requires special equipment and handling as the lower part of
the rig, containing the capsule with gaskets and packings, has to be disconnected from
the first rig and in the same handling cycle be connected to the second. For this pur-
pose a special transfer flask for the gaskets-capsule has been constructed (Fig. 5). This
flask is used in the following way.

The first step is to withdraw the channcl from the reactor vessel and hoist it into
the fuel-element transfer flask (available in the reactor hall).

Next, this flask, containing the entire rig, will be placed on top of the gasket-
capsule transfer flask. By means of a special designed tool, the rig will then be lowered
until the bottomn of the rig is supported on a locking system in the capsule transfer
flask. By turning the rig the gasket capsule will be disconnected from the upper part
of the rig. Next, this upper part of the rig is hoisted into the fuel-element transfer
flask and is then ready for transportation to the gamma-cooling-pool. The fuel element
transfer flask is thereafter reloaded with a new rig assembly. Connection of the capsule to
this assembly is performed inversely identical to the disconnection sequence. Ultimately
the new complete rig assembly is mounted in the reactor vessel.

The various operations as described above are tested for safe handling in two stages.
First the handling sequence has been performed on a dummy channel out of pile in the
laboratories of the Technology Departmeni. For this purpose a special rig was construct-
ed, which has the same dimensions and properties as the fuel element transfer flask as
far as haudling is concerned. Of these operations a movie picture has been made. Next,
an ultimate handling test has been performed in the reactor hall of Ispra.
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1. SAFETY CONSIDERATIONS

4.1. Temperature Distribution

The temperature distribution in the assembly has been calculated for the following

cross sections:
1. over the three tubes,

2. over the packing capsule.

In both cases the maximum temperatures are based on a D>O temperature of 50° C,
being the exit temperature of the D;0, and a heat production of 1 Watt/gram material.
Although the helium, circulating through the annular space between safety and pressure
tube, can be cooled outside the reactor, only the heat transport by conduction of the
helium to the D»O has been considered from a point of view of safety. For this case, the
maximum temperature in the wall of the pressure tube is calculated to be about 120" C.
With respect to the temperature distribution in the packings and capsule wall, an equal
heat flnx has been considered at the inside surface of the packings and at the outside
surface of the capsule. For this assumption one arrives to a maximum temperature in the

packings of about 132° C.

During the experiments, the temperature of the pressure tube is measured by
means of a thermocouple. Although the helium circulating through the annular space
of the pressure and safety tubes, serves primarily to present ionization effects in connec-
tion with the strain gage measurements, it is possible to change the helium flow rate in
order to regulate the maximum temperature in the pressure tube. During irradiation
the actually measured value of the pressure tube temperature amounted to 105° C (with
no helium circulation) at 5 MW reactor power.

4.2. Structural Analysis

The operating pressure in the pressure, resp. safety tube are respectively maximum
8 atm and about 1,2 atm.

The tubes are designed for a maximum pressure of respectively 10 and 30 aum.
For the latter a safety factor of 3 has been included with regard to shock wave loading
of the safety tube, by bursting of the pressure tube.

N,

For these pressures, the maximum membrane stresses turn out to be:

pressure tube 2.3 kg/mm? (10 atm, 120° C)
safety tube 3.6 kg/mm? (30 atm, 120° C)

As Heddenal 1530 tubes were selected with a yield strength of 22 kg/mm? at
120° C, being the maximum expected temperature, the permissible stress for static loading
is 2/3 X 22 = 14,7 kg/mm?,

4.3. Reactivity Effects

The experimental facility is introduced into the reactor at position 4. An estima-
tion lias been made concerning the reactivity change caused by this introduction, based
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on “Preliminary Report on Reactivity Effeots and Neutron Flux Distribution in the Exper-
imental Channels of the Ispra I Reactor” by the CNEN.

This report presents the results of reactivity change experiments, performed by
introducing P.V.C. into the reactor core at position 8. Although position 8 is situated at
the same radius in the reactor core as position 4, these values are not completely re-
presentative for the calculation of the reactivity change in our case, due to unsymmetric
core geometry. Nevertheless, we have to accept this as a base for our estimation, since
there are no other experimental data available.

From the data given in the above mentioned report, it has been calculated that
introduction of the experimental channel will cause a reactivity change of about 480 pcm,
The reactivity change during operation, due to accidental in-leaking of D;O in the annular
space between safety tube and sensing element of the assembly, has been estimated in
the same way and amounts to 4+ 55 pem.

4.4. Estimation of activity

The experimental facility will be exposed to an average thermal flux of 3.10® neu-
trons/cm? sec. An estimation has been made concerning the induced activity of the
upper part of the assembly and of the capsule with the gaskets and packings, for an
irradiation time of maximum 1 year.

The estimation of the activity for the upper part is performed by a method given
in “Rapid Assessment of Neutron Activation” by Russel B. Mesler, and amounts to 7000 r/hr
at a distance of 1 meter in air.

For the gaskets and packings an activity of 1680 r/hr is estimated based on the
results of preliminary irradiation test performed on the same gaskets and packinugs in the
Ispra I reactor by the department of nuclear chemistry.

As described Dbefore, a special transfer flask for the gasket-capsule has been con-
structed. The thickness of the lead flask amounts to 20 em and reduces the radiation
inteusity at the outer surface of the lead flask to 2 mr/hr.

5. MEASUREMENTS

5.1. Selection and out-of-pile calibration

Making the selection of the strain gauges to be studied, two rules were followed,
ie.:

a) Organic materials should be avoided as much as possible as these are generally
very sensitive to radiation damage.

b) The samne rules for temperature compensation are valid for compensation of
radiation effects.

Item a) limits our choice to the so-called high-temperature strain gauges only, as
all other types of gauges have an organic support (paper or epoxy-resin). Only high-
temperature gauges are applied without support by means of a ceramic cement. Concern-
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ing the leading wires, the only wires to be considered are those with a glass-fiber or

a ceramic insulation.

Item b) indicates that one should operate the active strain gauge with a so-called
“hot” dummy gauge, in order to cancel out as much as possible the parasitic radiation
effects. This can be realised in two ways, i.e. by constructing a half-bridge or a full bridge
arrangement of the strain gauges. The first solution has the advantage that only two strain
gauges are necessary for one measuring point. However, as the leading wires of the strain
gauges form part of the bridge circuit, eventual radiation damage to these wires influences
the balance of the bridge, developing apparent strain signals. A full bridge arrangement
excludes completely the effects of radiation damage to the leading wires as these form
only part of respectively supply and measuring circuit of the bridge.

The above mentioned considerations led to the selection of a number of high
temperature strain gauges, all of them being operated in half or full-bridge arrangements
with active dummy gauges.

The distribution of these arrangements over the sensing element henceforth called
measuring points is given on Fig. 6. Each measuring point on this figure is identified by
a description indicating resp.: type of strain gauge, resistance of active and dummy
gauge, isolation resistance, type of leading wire and bridge arrangement.

Due to space limitations for the leading wires a maximum number of 7 measuring
points could be applied to the sensing element. In determining the position of these
measuring points a distance of 50 mm from the end-closures of the tube was taken into
account in order to be sure to have a membrane state of stress at all the measuring
points. The dimensions of the sensing tube being @& 58/56 the e-foldinglength of the discon-
tinuity stresses due to the end. closures is:

1=0778v r.t =415 mm.

Consequently, a decrease of

' 50

e——> 999
4.15 %

is obtained of the discontinuity stresses at that location. Picture No. 7 gives a close-up
of the sensing-element, just before mounting of the safety tube.

During irradiation, the pressure in the sensing element was varied step-wise from
zero to 8 atm gage pressure.

The membrane stresses in the sensing tube at the maximum pressure are:

. 0.08 . 28.5
o = P-T_ 1 = 2.28 kg/mm?*

gy = = 1.14 kg/mm?

Substituting these values in the equations for tangential and axial strain, one ob-

tains:
e,=%~v.%=293ﬂ/m
s,l=%—v.%= 58 u/m

for E = 6500 kg/mm? at ambient temperature.
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v =033
(1p/m =1.10%m/m = 1 n inch/inch).

As for a half bridge arrangement with an active tangential strain gauge and an
active axial dummy gauge the total unbalance of the bridge is determined by the differ-
ence between tangential and axial strain, the effective strain signal to be measured would
amount to:

Eeff = € — £, = 293 — 58 = 235 /J_/ln

This strain value should be found from the actual measurements when correction
for leading wire resistance and actual gauge factor value has been made. It will be clear
that the strain signal of a full-bridge arrangement should be twice as big compared to a
half-bridge arrangement, i.e. 470 p/m.

In order to check the behaviour of the installed measuring points before submit-
ting them to radiation, the completely assembled rig was mounted out of pile on a
support containing a furnace for simulated gamma-heating (see picture No. 8). The photo-
graph was taken during conditioning of the rig. To this extend the rig was flushed
with preheated helium in order to evacuate the humid air, remained after assembling.
When the isolation resistance of the measuring points reached a value of 500 MQ the
heliumm circulation was stopped and the circuit closed. At the expected in-pile tempera-
ture calibration measurements were performed. Not all the measuring points indicated
the calculated strain values. This must be attributed to various factors as imperfect mount-
ing, relatively weak bonding strengths between elements and Al-base material, tempera-
ture effects on welding strength etc. Nevertheless, apart measuring point 3 which gave
no strain signal at all, all measuring points showed good reproducibility in their strain
signal and gave satisfactory isolation resistance and circuit resistance.

5.2. In-pile measurements

The rig was mounted June 18th, 1964, and measurements started the next day.

During the first fortnight measurements were performed two times each day. Later
this was reduced to once a day. As no data logger was available at that time, the measure-
ments were performed manually and tabellized on tables. Fig. 9 gives an example
of such a data sheet which is actually a reproduction of data sheet 4 of measuring
point 6. From this data sheet it can be seen that the following parameters have been
measured:

1. Reactor Power,

2. Temperature of sensing element,

3. Isolation resistance,

4. Gauge resistances,

5. Strain signal at 2.5, 5 and 8 atin gauge pressure,

6. Drift.

— Measurement of the reactor power served principally as a flux indication. As
no flux wires were encapsulated in the first irradiation rig, the integrated flux had to be
determined from continuous reactor power measurements.

— The temperature measurement of the sensing element gave an additional indica-
tion of the flux level. Actually it turned out that the temperature increase due to gamma
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heating was very stable and reproducible. The main purpose of the temperature measure-
ment was, however, to correct for gauge resistance variations due to temperature varia-
tions and for correction of Young’s modulus and gauge factor variations with tempera-
ture.

~— Measurement of isolation resistance and individual gauge resistance were per-
formed in order to enable interpretation of the total unstability of the measuring points
in terms of variations of these parameters with integrated flux.

Concerning radiation induced resistance variations of the grids of the strain gauges
it will be clear that such resistance variations will give rise to apparent strains as their
direct consequence.

Regarding variations in isolation resistance the situation is slightly more compli-
cated. Considering the isolation resistance as a shunt-resistance over the strain gauge grid
resistance, the following relation can easily be derived:

R1 (R2_R3)

“" ~ K Rz (R,+Ry)
in which:
£app — apparent strain due to variation of isolation resistance from R to R,
R, = resistance strain gauge (Q)
R, = initial isolation resistance (Q)
R; = final isoltion resistance (Q)
K = gauge factor of strain gauge.

Figure 10 represents the apparent strain signal obtained as a result of a variation
of the isolation resistance from infinity to the values on the R;,,-axis. From this curve it
follows that variations of the isolation resistance between infinity and 108 @ (100 MQ) result
in apparent strain smaller than 1.10° (1x/m) and can thus be considered of no importance.
A decrease of the isolation resistance from infinity to 107 Q (10 MQ) results in an -apparent
signal of about 7.10°6 (7 x/m) which starts to affect the accuracy of the measurement.
Under normal circumstances an isolation resistance of about 100 MQ is thus considered as
a minimum acceptable value and is easily obtained. One of the effects of irradiation
damage, however is to reduce the value of the isolation resistance far below the treshold
value of 100 MQ. In the next chapter this will be discussed in detail. For the moment it is
sufficient to know that saturation values of the isolation resistance in-pile are of the
order of 0,5 MQ. For illustration purposes it folltzws from Fig. 10, that a decrease of the
isolation resistance from infinity to 0,5 MQ results in an apparent strain signal of 1,05.10-
(105 /m). Consequently, the magnitude of apparent strain signals due to irradiation dam-
age of the gauge isolation is such that correction for isolation resistance variation becomes
indispensable. As infinite isolation resistance is not a realistic value, an attempt has
been made to develop a means for such correction for isolation resistance variations be-
tween 10° Q and 10° Q. A nomogram has been constructed on the basis of the above
mentioned formula for &,, and is represented in Fig, 11.

As an example it is illustrated how to arrive to the value of apparent strain result-
ing from a decrease in isolation resistance from 10° o (1000 MQ) to 5.10° (0.5 MQ).
A value of 1.2.104 (120 u/m) is found. Comparing this value with the forementioned
value of 105 p/m, the difference between a hypothetical value of the initial isolation
resistance equal to infinity and the (realistic) value of 1000 MQ initial isolation resist-
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ance is illustrated. Resuming: when strain measurements have to be performed over a
period in which the isolation resistance varies in the range below 100 MQ (in-pile
measurements!) a relatively easy correction can be obtained for this effect when isolation
resistance measurements are performed at the beginning and at the end of this period.

— The measurement of strain at the strain levels corresponding to 2.5, 5 and
8 atm gauge pressure inside the pressure tube should primarily give indication on the
mechanical behaviour of the strain transferring structure between base material and the
strain sensitive wire or grid. In the case of normal grid gauges this structure consists
merely of a thin layer of ceramic cement, transferring the strain by shear forces. Reduc-
tion of shear strength by irradiation damage results thus in mechanical break down of
this layerwhich in turn results in an uncomplete transfer of the strain of the base mate-
rial to the strain gauge. Weldable strain gauges of the type used in this experiment are
expected to be less affected by mechanical break down of the isolating cement as this
cement is closely packed in a small diameter minitube, coaxial with the strain sensitive
wire.

— Measuring the drift of a measuring point gives an idea of its overall stability.
The drift value however is affected by a number of parameters as there are: drift of
electronic measuring equipment, stability of temperature, stability of strain, temperature
effect on leading wires, etc., all of these in addition to radiation induced drift values.
Consequently, drift measurements never give a characteristic drift value for a certain
measuring point. Nevertheless, these measurements were performed from time to time,
mainly to see whether the average in-pile drift values showed large differences with
respect to out-of—pile measurements.

6. RESULTS

As the purpose of this irradiation experiment was to perform a screening, we will
not present all the data of each individual measuring point.

Concerning the measuring points which showed weak irradiation resistance, we
shall merely indicate the lifetime and the nature of their break down. On the other
hand, concerning the measuring points showing good irradiation resistance, we shall go
into detail with respect to the parameters mentioned in item 5.2.

Actually we are able to make such a clear-cut division on the basis of the results.
Le. one may divide the 7 measuring points into two groups:

a) Foil-type strain gauges, applied by means of cement layers (1neasuring points 1-4)

b) Weldable strain gauges (measuring points 5-7).

The first group showed generally weak irradiation resistance. The second group,
although not giving entirely satisfactory results, is most promising for in-pile application.
Foil type strain gauges

The strain gauges used for measuring points 1 to 4 were high temperature strain
gauges, Manufacturer Budd, type C12-620. In the first two measuring points they were
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mounted by means of Budd-H cement, in measuring points 3 and 4 by means of ALP-1
cement of Baldwin. In all cases a half bridge arrangement was used with thermocoax three-
core-coaxial cable resp. three individual glasfibre isolated wires as leading wires (see

Fig. 6).

Measuring points 3 and 4 (ALP-1 cemenvt) showed very poor behaviour. MP-3 (MP
== Measuring Point) died during out-of-pile calibration tests after being submitted to
thermal cycling.

MP-4 died two days after mounting of the irradiation rig, corresponding to an
integrated fast flux of 2.10'¢ nvt. As during the first days of in-pile operation some
connection troubles occurred in the measuring equipment, it is difficult to guess the
reasons for the break-down.

Generally speaking it is thought that the ALP-1 cement was not adequate for
application to the Al-alloy of the pressure tube, even apart from irradiation damage. This
is confirmed by the fact that subsequent testing of this cement on the same base material
out-of-pile showed equally poor behaviour.

MP-1 actually behaved satisfactorily up to an integrated fast flux of 3. 10" nvt.
This integrated flux was reached when the summer shut-down started. Upon start-up of
the reactor in September 1964, an increase of about 15 % in resistance was observed of the
compensating axial strain gauge. Readjustment of the bridge equilibrium by out-of-pile
resistances gave very irregular sensitivity signals indicating some sort of mechanical failure
in the bridge circuit, probably introduced by rupture of the cement.

MP-2 reproducible strain signals up to an integrated fast flux of 1.5.10!7 nvt.
For higher integrated flux values it was still possible to balance the half bridge, however
the sensitivity became erratic. After the summer shut-down it appeared that one arm
of the half-bridge gave infinite grid resistance, indicating once more a grid rupture pro-
bably introduced by rupture of the cement. Although after the summer shut-down both
measuring points had zero-sensitivity the measurement of isolation resistance and grid resist-
ances were continued. In both cases, it was noted that the moment in which the sensiti-
vity signals became erratic corresponded to an increase in isolation resistance by a factor
of 10. This phenomena might support the hypothesis that the break-down of the measur-
ing points is caused by shear rupture of the cements.

Weldable strain gauges

hY

The arrangement of the weldable strain gauges of Microdot used for MP 5, 6 and
7 is indicated in Figure 6.

MP 5 and MP 7 were built up from 60 Q nominal resistance gauges. MP 6 con-
sists of two 120 Q@ nominal resistance gauges. The 60 and 120 Q gauges are identical except
for their length which is twice as big for the 120Q gauge with respect to the 60 Q
gauge. This is important to note as it might give an explanation for the small sensitivity

of the 60 Q measuring points (MP 5 and MP 7).

Actually, the average strain signal from MP 5 and MP 7 for 8 atm gauge pressure
amounted to resp. 65 p/m and 130 p/m. That MP 7 should be twice as sensitive as MP 5 is
readily explained by the fact that MP 7 is a full-bridge arrangement. However, both
strain signals correspond to the expected axial strain signal only (see item 5.1., page 8,
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£4 = 58 u/m at ambient temperature, corresponding to about 65 p/m at 100° C for a half
bridge arrangement).

It is thus thought that the tangential strain gauges are not submitted to strain
when the tube is pressurized. This can only be explained by the fact that the relatively
small 60 Q strain gauges (length 12.5 mm), when applied to the pressure tube surface
with a radius of curvature of 25 mm, have developed reaction forces on the point weld-
ings and have practically complete detached themselves from the curved surface. Actual-
ly during preirradiation tests a rather irregular decrease of the sensitivity was noted upon
thermal cycling of the irradiation rig, supporting this hypothesis.

‘MP 6 showed a sensitivity approximately equal to the estimated one. Although
MP 5 and MP 7 were identical to MP 6 in their in-pile behaviour we selected MP 6 for de-
tailed data recording in this paper for the forementioned reason of incoherent sensitivity
of the other measuring points.

MP 6

All the data collected on MP 6 are graphically summarized in Figure 12. The
various curves are identified and self-explaining. In the following these curves will be
discussed and interpreted.

1. Reactor Power

The reactor power has been constantly held at 5 MW apart from minor variations
and various shut downs. During the summer shut-down between July 30th and Sep-
tember 14th, the composition of the core was changed. This affected the local flux distri-
bution -in the vicinity of the irradiation rig (see 2).

2. Temperature of sensing element

The average temperature during the first 6 weeks of irradiation amounted to 85° C
with variations of the same order of magnitude as the reactor power. Due to a changement
in core composition during the summer-shut down, the average irradiation temperature
was increased to 106° C for the second irradiation period. This temperature increase was
due to a higher gamma flux.

3. Isolation resistance

The isolation resistance showed an exponential decrease from the initial value
during the first fortnight of irradiation. At an integrated fast flux of 1.5.10!7 nvt
the isolation resistance stabilized at an average value of 0.2 MQ, increasing by a factor
of 10 upon shut-down of the reactor.

It should be mentioned at this point that this behaviour of the isolation resistance
was characteristic for all measuring points. Actually, for the three measuring points with
weldable strain gauges this behaviour was absolutely identical.

The second irradiation period (after the summer shut down) gives an average value
of 0.6 MQ as stable isolation resistance in-pile. This might probably bhe due to the
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change in composition of the core. The recovery of the isolation resistance upon shut
down of the reactor did not change appreciably. A value of 2 to 3MQ is a realistic
value for postirradiation measurements.

During a recent discussion with the manufacturer of the weldable gage it was com-
municated that the manufacturer is engaged in a classified project in which a.o. the
effect of purity of the isolating material on isolation resistance is being investigated.
Preliminary results indicate the possibility of a hundred-fold increase in isolation resist-
ance during irradiation for highly purified isolation material.

4. Gauge resistances.

The resistances of both gauges decrease with integrated flux. At an integrated fast
flux of 7.4.10'7 n.v.t. (corresponding to an integrated thermal flux of 2.2.10%n.v.t.)
the decrease amounts to about 1,5 % of the initial value (see dotted line). Under the
flux conditions in the Ispra-I reactor a single strain gauge with out-of-pile bridge compen-
sation would consequently exhibit a drift, due to radiation induced gauge resistance varia-
tion only, of 18.5 u/m/hr. Such a high drift value has never been measured during the
experiment (see 6), indicating a rather high degree of compensation efficiency of the half
bridge arrangement. In effect, the curves illustrate clearly that the radiation induced
resistance variation of both active and dummy strain gauge is practically identical. The
minor variations in the gauge resistances must be attributed to small temperature varia-
tions between subsequent measurements, either at the location of the measuring point,
along the leading wires, or both. It should be noted however, that also during such
nfinor deviations, the resistances of both gauges vary in the samme way, indicating once
more an efficient compensation.

5. Sensitivity
From the curves it follows that the average strain signals are:

at 2.5 atm: 85 u/m
at 5.0 atm: 160 p/m
at 8.0 atm: 250 p/m

The average strain signal is consequently proportional to the applied pressure with-
in the limits of the experimental error. It is important to note that this proportionality
was not disturbed with increasing integrated flux. Actually, up to October 15, 1964
(integrated fast flux of 5.8.10'" nvt) no major deviations were observed. Unfortunately,
at that point the pressurizing system was contaminated, making further sensitivity measure-

ments impossible.

N

Apart from the observed proportionality it should be mentioned that the measured
strain signals correspond to the estimated values. Actually, the estimated value of 235 ./m
(see 5.1.) at 8 atm pressure becomes 260 u/m after correction for decreased Young’s mo-

dulus at 100° C.
6. Drift

As mentioned before (5.2.), systematic drift measurements have not been made
during this test series. Nevertheless, a few dozen drift measurements were performed,
most of these on MP 5, 6 and 7. The average value of these measurements amounts to
2 u/m/hr, maximum and minimum values being respectively 5 and 0.75 y/m/hr. As above
mentioned (item 4 of this chapter), these values indicate a rather high degree of com-
pensation efficiency, and are comparable with out-of-pile drift values. It is intended to
give much importance to drift measurement during the next test series.



At this point it should be mentioned that in the course of the measurements no
detectable influence was observed of the helium flow rate. All measurements were thus
performed in a stagnant helium atmosphere. The absence of such influence can be ex-
plained by the fact that each individual measuring point was completely protected from
the atmosphere by means of high temperature strain gauge cement, a protection which
apparently turned out to he efficient.

7. CONCLUSIONS

Reviewing briefly the results of the first stage of the experimental program on
in-pile application of resistance strain gauges, the following conclusions can be made:

1. Resistance strain gauges are a possible means for in-pile strain measurements.

2. Weldable strain gauges of the coaxial type are very promising for such appli-
cation.

3. Normal compensation techniques are also efficient for radiation induced para-
sitic effects.

4. The in-pile isolation resistance stabilizes at a relatively low value at an integrated
fast flux of about 1.5.10'7 nvt. For accurate measurements it will thus be necessary
to realise efficient electrical screening of the bridge circuit.

5. During the initial period of sharply decreasing isolation resistance, correction
for the effect of varying isolation resistance is possible.

6. The overall stability (drift) can be made of the order of magnitude of out-of-pile
measurements by appropriate compensating techniques.

8. FUTURE EXPERIMENTS

The integrated flux obtained in the first tests series is:

Fast Flux: 9.7.10" nvt
Thermal Flux: 3.102° nvt

These values are relatively low, especially for the fast flux, as the main irradiation
damage is thought to originate from fast neutron bombardment. Experiments are thus in
preparation for strain gauge irradiation in the High Flux Reactor at Petten (Holland),
in a fast flux position of 2.10'® nvt. One irradiation cycle of three weeks would
thus correspond to an integrated fast flux of about 4.10' nvt. These experiments are
planned to be performed in spring 1966. Meanwhile, a second irradiation rig is prepared
with weldable strain gauges, ready to be introduced in the Ispra-I reactor at Ispra. This
rig should give additional information on the in-pile behaviour of this type of strain

gauges, mainly with respect to the possible type of in-pile measurements (dynamic or
static measurements, creep measnrements).
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In addition, it is planned to perform post-irradiation tests with the various irra-
diation rigs upon cooling down. For the first irradiation rig it is hoped that post irradia-
tion testing will supply information to support the various hypotheses mentioned in this
paper concerning the cause of break-down of the measuring points.
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