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(54) Nuclear reactor fuel e l e m e n t s 

(57) A nuclear reactor fuel element 
comprising a column of vibration 
compacted fuel which is retained in 
consolidated condition by a thimble 
shaped plug 5. The plug is wedged 

into gripping engagement with the 
wall of the sheath by a wedge 6. The 
wedge material has a lower coefficient 
of expansion than the sheath material 
so that at reactor operating 
temperature the retainer can relax 
sufficient to accommodate thermal 
expansion of the column of fuel. 

Fig.1. 
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SPECIFICATION 
Nuclear reactor fuel elements 

This invention relates to nuclear reactor fuel 
elements. 

5 One kind of nuclear reactor fuel element 
comprises a stack of ceramic (mixed plutonium 
and uranium oxides) pellets within a closed 
tubular sheath whilst a second kind comprises a 
mass of large and small granules of oxides 

10 compacted by vibration within a closed tubular 
sheath. To prevent the stack of pellets of the first 
kind of fuel element from falling out ofthe sheath 
during manufacturing operations, a thimble-
shaped retainer is inserted the skirt of the retainer 

<15 frictionally engaging the wall ofthe sheath but 
such an expedient is not feasible for retaining the 
compacted mass of granules of the second kind of 
fuel element. Frictional engagement of the thimble 
skirt with the wall ofthe tube is inadequate 

20 because merely a slight displacement of the 
thimble would enable the fine granules to drain 
out of the mass and the skirt cannot be fixedly 
engaged with the tube because thermal expansion 
and swelling of the mass when the fuel element is 

25 irradiated must be accommodated. 
An object of the invention is to provide a 

retainer for the compacted mass of granules of a 
fuel element which will make firm engagement 
with the tubular sheath during manufacture and 

30 transportation of the fuel element but which will 
displace sufficiently to accommodate thermal 
expansion and swelling when the fuel element is 
irradiated in a nuclear reactor. 

According to the invention in a nuclear reactor 
35 fuel element comprising a vibration compacted 

mass of granules contained within a tubular 
sheath there is a retainer assembly for preventing 
displacement ofthe mass during manufacture and 
transportation of the fuel element, the assembly 

40 comprising a thimble-shaped member and a 
wedge member for urging the skirt ofthe thimble 
member radially into engaging contact with the 
wall ofthe sheath, the wedge member being of 
material having a lower coefficient of thermal 

45 expansion than that of the sheath material. 
Preferably the skirt of the thimble member is 

slitted longitudinally to define four segments 
whereby deflection of the segments by the 
wedging member causes the segments to 

50 conform locally to the inner wall surface of the 
tubular sheath with an adequate surface area of 
contact. 

Wedging the skirt of the thimble member into 
contact with the wall ofthe tubular sheath is 

55 sufficient to prevent displacement of the thimble 
during manufacture and transportation of the fuel 
element, but when the fuel element is brought up 
to nuclear reactor operating temperature whereby 
the mass of granules sinters into a homogeneous 

60 mass, the differential thermal expansion ofthe 
thimble member and sheath releases the thimble 
member to enable it to be displaced to 
accommodate thermal expansion. 

A nuclearfuel element embodying the 

65 invention is described, by way of example, with 
reference to the accompanying drawings wherein: 

Figure 1 is a fragmentary sectional view, 
Figure 2 is a cross-sectional view on line 2—2 

of Figure 1 during one stage of manufacture of the 
70 fuel element, and 

Figure 3 is a cross-sectional view ofthe 
completed fuel element. 

The nuclearfuel element shown in the drawing 
comprises a slender tubular sheath containing 

75 pellets of breeder material (which may be uranium 
238 dioxide) in the upper and lower end regions, 
the intermediate region containing a vibration-
compacted mass of granules of mixed oxides of 
plutonium and natural uranium. 

80 Figure 1 illustrates an upper region of the fuel 
element, the region containing the upper part of 
the compacted mass designated 1, and the lower 
part of the upper stack 2 of breeder pellets all 
contained within a tubular sheath 3. A retainer 

85 assembly 4 is provided atop the fuel the assembly 
4 comprising an inverted thimble-shaped member 
5 and a wedge member 6 for urging the skirt of 
the thimble member radially into engaging contact 
with the wall of the sheath. The skirt of the 

90 thimble is slitted to define four segments 7 
whereby radial deflection ofthe segments by the 
wedging member causes the corners designated 8 
in Figure 2 of the segments to react against the 
wall surface ofthe tubular sheath 1. As can be 

95 seen from Figure 2 the cross-sectional shape of 
the skirt ofthe thimble member is of cuspidate 
form to provide the corners 8 and clearances 
designated 9 to enable radial displacement ofthe 
segments and engagement ofthe corners with the 

100 wall surface of the sheath. 
The sheath 3 is of austenitic steel whilst the 

wedge member is of ferritic steel which has a 
lower coefficient of thermal expansion than 
austenitic steel but, alternatively, the sheath could 

105 be of steel known as PE16 whilst the wedge 
member is of ferritic steel. In each case the 
thimble member is of ferritic steel. 

In manufacture of the fuel element the tubular 
sheath having a closed end is loaded with the 

110 pellets forming the lower breeder section and, 
disposed vertically, charged with a mass 
designated 3a in Figure 1 of coarse gransules of 
mixed oxide produced by a gel precipitation 
process. A layer 3b of fine granules of mixed 

115 oxides is deposited on the mass of coarse granules 
and vibrated to cause the fine granules to 
percolate through the mass and occupy the 
interstices ofthe coarse granules, thereby 
achieving a compaction density in excess of 80%. 

120 A barrier layer 3c of coarse granules is deposited 
on the top of the compacted mass and then the 
tubular sheath is charged with the upper breeder 
pellets 2 before fitting the retainer assembly 4 and 
finally closing the upper end. 

125 The retainer assembly prevents displacement of 
the fuel column in the tubular sheath during 
handling and transportation whereby sufficient 
space could be created to allow the fine granules 
to drain out of the mass and thereby impair the 
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compaction density of the mass. When the fuel 
element is installed in a nuclear reactor and 
brought up to operating temperature of 
approximately 8 0 0 ° C , the differential thermal 

5 expansion of the retainer and tubular sheath 
releases the retainer so that it can be displaced by 
the sintering and swelling column of fuel. 

CLAIMS 
1. A nuclear reactor fuel element comprising a 

10 vibration compacted mass of granules contained 
within a tubular sheath and a retainer assembly for 
preventing displacement of the mass during 
manufacture and transportation of the element, 
wherein the assembly comprises a thimble shaped 

15 member and a wedge member for urging the skirt 
of the thimble member radially into engaging 

contact with the wall of the sheath, the wedge 
member being of material having a lower 
coefficient of thermal expansion than that of the 

2 0 sheath material. 
2. A fuel element according to claim 1 wherein 

the skirt of the thimble member is slitted 
longitudinally to define four segments. 

3 . A fuel element according to either of claims 
2 5 1 and 2 wherein the sheath is of austinitic steel 

and the thimble and wedge members are of ferritic 
steel. 

4. A fuel element according to either of claims 
1 and 2 wherein the sheath is of steel designated 

3 0 PE16 and the thimble and wedge members are of 
ferritic steel. 

5. A nuclear reactor fuel element substantially 
as hereinbefore described with reference to the 
accompanying drawings. 
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