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AtMtnct 

The aim of "CANSAR" analytical irradiation is to evaluate the various 
mechanisms expected to be active during PCI failures (local concentration of 
fission products, fuel expansion, stress concentration induced by fuel frag
ment relocation, etc.). 

Two identical test pins, similar to classical PWR pins, but shorter, 
will be power-ramped in parallel. They will be filled with fuel pellets 
machined in various ways in order to simulate pellet fracture, relocation and 
preferential fission product migration path. 

One pin is highly instrumented with fission gas analysis, centre
line temperature and strain gauges on the cladding. The other can be unloaded 
between the pile cycles to perform other measurements such as diameter change, 
eddy currents, hot cell y scanning. 

The gauges are necessary to obtain valuable information on claddin.. 
stresses. However, they induce significant modification of the thermal and 
mechanical behaviour of the cladding. Extensive finite element computation 
has been undertaken to estimate the temperature shift and the cladding rein
forcement due to the gauges. 

Details of this work performed to design and implement the experiment 
will be presented. This included, in particular, high precision machining of 
U0_ sectors to obtain "precracked" pellets and computation of the thermo-
mechanical behaviour of the cladding with the gauges. 

1 - INTRODUCTION 

Due to its impact on PWR performance Pellet Cladding Interaction (PCI) 
is a widely studied phenomenon. It is generally agreed that PCI failure is 
due to the combined effect of corrosive environment induced by fission product 
release, and local stresses induced by thermal expansion of the fuel, friction 
in front of the cracks and relocation of pellet fragments. 

For a better understanding and hence modelling of PCI, fine measure
ment of stresses and fission product behaviour is necessary. Therefore, in 
connection with the extensive ramp test described in another paper [1], 
Fragema and CCA decided to set up an analytical irradiation experiment for 
fine analysis of the various parameters involved in PCI. 

2 - DESCRIPTION OF THE EXPERIMENT 

Two identical fuel pins, one standard and the other highly instrumen
ted will be power-ramped in parallel in two Griffon loops in the Siloe pool 
reactor in Grenoble [2 J. 

In both pins, the fuel stack will consist of standard dished pellets 
plus several pellets having fabricated defects in order to simulate fracture 
and relocation of fuel fragments (Fig. 1). 

Fuel swelling and cladding creep are taken into account by reduction 
of the fabrication gap to the minimum acceptable for final assembly (30 u). 

One pin is removable and will be sent to hot cells for NDE between 
cycles. The other is highly instrumented with centre-line temperature and 
cladding temperature thermo-couples, fission gas collection tube, strain 
gauges and the cladding and pressure transducers. 

The irradiation history is described in figure 2: at the beginning 
of the first cycle, the gauges under irradiation will be calibrated by pres-
surisation of the fuel pin: then, a slow power ramp will be used to measure 
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the contact point. Base irradiation will follow and, at the end of the cycle, 
the same power ramp will be repeated. 

At the end of the second cycle, which will serve as base irradiation, 
a standard ramp will be performed at 50 W cm min" . The removable pin will 
then be transferred to the hot cells for NDE : fine Y scanning for analysis 
of fission product migration along the machined defects, detailed metrology, 
eddy current scan. 

Depending on the results obtained, further irradiation may be 
dec ided. 

3 - PREPARATION OF THE EXPERIMENT 

3.1. The use of gauges on cladding 

Several experiments have been undertaken in the past with strain 
gauges welded on Candu type cladding [3] . However, the constraints of small 
claddings used in 17 x 17 PWR arrays enhance certain artefacts of this type 
of experiment. Therefore, considerable preparatory work was performed, inclu
ding computation of the thermo-mechanical behaviour of a fuel pin with welded 
gauges and tests of gauges welded on claddings. Finite element computations 
were made using the TITUS code [4]. 

Thermal behaviour 

The gauges are spot welded on the cladding. However, using this pro
cedure, a fabrication gap exists between the gauge and the cladding. This will 
act as a heat transfer barrier. Computations were performed with the geometry 
of the welded gauge, assuming a residual gap of 1 u. Results, presented in 
Fig. 3, show that for a local linear heat rating of 40 kW m~ , the mean clad
ding temperature is increased by more than 20°C. Confirmation of this effect 
will be given by a thermocouple placed in a gauge box on the cladding. 

Thermo-mechanical behaviour 

The strengthening effect due to the gauge results from its geometry 
and its constituent material. Differences in elastic moduli and thermal 
expansion coefficients induce internal thermal stresses under irradiation 
conditions. This effect was computed for various loading schemes. For ins
tance, Fig. 4 shows the variation of the cladding hoop strain that the gauge 
is assumed to measure for different internal pressures and test temperatures. 

Compared with simple elastic computations on pressurised cladding 
tubes without gauges, it should be noted that the gauges reduce the measured 
strains by a factor of two for this loading scheme. 

Irradiation stress level forecast 

After comparison with experimental measurements for pressiurisation, 
preliminary computations were performed to determine the cladding stress level 
during irradiation due to fuel expansion. The most conservative geometry 
(smallest fuel-cladding gap) was chosen. 

As a typical example, Fig. b gives the influence of the gauge on the 
cladding stress level, when computed with the following assumptions: 

- two-dimensional computation in plain strain state; 
- solid fuel pellet; 
- no friction between UO™ and clad; 
- LHCR : 34 kW m" 1. 

Experimental analysis 

In connection with the computation described above, gauge strengthe
ning and thermally induced stresses were measured using 1/4 bridge gauges 
welded on cladding and pressurised at different temperatures. The results 
(Fig. 6) show slight differences compared to the computations. These diffe
rences can be explained by a certain scatter in the geometrical definition 



of the gauge boxes, by errors induced by variations in gauge factor with 
curvature and deformation gradient at the ends of the gauges. A slight depar
ture from linearity exists at low stresses and high temperature. This problem 
will be overcome by pressurisation calibration runs carried out before the 
different power changes. 

3.2. Fabrication of pellets 

In order to simulate fuel fracture, relocation and other preferential 
paths for fission product migration, some fuel pellets that are already "pre-
cracked" or "pre-relocated" will be loaded. These pellets are obtained by 
precision machining and rectification of 60° sectors from classical pellets. 

In order to reach a precision in gap size of 30 y _• 5 y needed for 
assembly of the fuel pin, each sector has to be machined with a precision of 
less than 2 u (Fig. 7). 

Using a special handling tool and a precision cutting and rectifica
tion procedure, a scatter of 5 u was obtained on the diameter of these 
reconstructed pins. 

The other components of the pins are classical, but the gauges are 
made on special order by Aeton Corp. Final assembly of the pins is under way 
and they are expected to be in pile before the end of the year. 

4 - CONCLUSIONS 

The CANSAR experiment was set up in order to analyse the phenomena 
involved during PCI: 

- fission product release and migration during power ramping, 

- cladding stresses induced by fuel cracking and relocation. 

In this type of experiment, the disturbances induced by the sensor 
are so high that they need to be finely analysed in order to determine the 
exact behaviour of the cladding. 

Computations and calibration tests were performed for various 
loadings, and after irradiation, expected to start at the end of 198}, these 
should enable basic results to be obtained leading to • better understanding 
of the various parameters involved in PCI. 
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Fig. 1: FUEL PINS USED FOR THE CANSAR EXPERIMENT 
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F ig . 2: IRRADIATION HISTORY FOR THE CANSAR EXPERIMENT AND CORRELATIVE 
STRESS LEVEL UNDER THE GAUGES 
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FIG. 3: THERflAL DISTURBANCE INDUCED BY A GAUGE 
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