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(54) Fuel sub-assembly 

(57) A fuel sub-assembly for a liquid 
metal cooled nuclear reactor has a 
central fuel section with end exten-
sions. The fuel section comprises a 
bundle of fuel pins in a hexagonal 
wrapper the pins being braced apart 
by a series of spaced grids. The 
grids at the lower end of the series 
are more yieldable than the remain-
ing grids to facilitate withdrawal of 
pins which have been swollen in 
the central region by irradiation. 
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SPECIFICATION 

Nuclear reactor fuel sub-assemblies 

5 This invention relates to nuclear reactor fuel 
sub-assemblies. 

A fuel assembly for a nuclear reactor may 
comprise a plurality of readily replaceable sub-
assemblies vertically disposed in side-by-side 

10 array. One example of nuclear fuel sub-assem-
bly for use in a liquid metal cooled fast 
breeder nuclear reactor is disclosed in GB 
2 011 150A and comprises a central fuel 
section extended at opposite ends by a locat-

15 ing section and a neutron shielding section. 
The fuel section comprises a bundle of elon-
gate fuel pins spaced apart within a tubular 
wrapper by a series of cellular bracing grids. 
Each grid comprises a plurality of strips 

20 formed to produce a complex of hexagonally 
shaped unit cells in honeycomb array and 
each cell is formed from a discrete strip of 
material. The cells are of openwork construc-
tion each of three alternate sides of the cell 

25 having a window or opening, the remaining 
sides being continuous. Each continuous side 
has an embossment to provide a guide pad 
for a fuel pin. The windows reduce the stiff-
ness of the region intermediate the ends of 

30 the cells thereby endowing the grid with com-
pliancy so that, whilst being adequate to 
brace the pins apart during operation of the 
reactor, they enable the bundle of pins to be 
withdrawn by relatively low loads thereby re-

35 ducing damage to pins which have become 
embrittled by irradiation. The disclosed fuel 
sub-assembly has advantage in that it can be 
dismantled by cutting the wrapper to separate 
the end sections from the fuel section and 

4 0 withdrawing the fuel pins collectively from the 
wrapper and grid combination thereby greatly 
facilitating reprocessing. However, it has been 
found that owing to irradiation swelling in the 
central region of the pins, the effort required 

45 to withdraw the pins collectively can be too 
great to enable withdrawal to be effected 
entirely without damage. 

An object of the present invention is to 
provide a nuclear reactor fuel sub-assembly 

50 from which the bundle of pins, some of which 
have been swollen by irradiation, can be with-
drawn with at least a reduced risk of damage. 

According to the present invention in a 
nuclear reactor fuel sub-assembly comprising 

55 a multiplicity of slender fuel pins housed in a 
tubular wrapper with a series of longitudinally 
spaced cellular grids for bracing the pins 
apart, each pin slidably engaging a discrete 
cell of each grid, the cells in a plurality of the 

60 grids disposed at one end region of the series 
are of weaker construction and therefore more 
yieldable than the cells of the remainder of 
the grids. The more yieldable cells endow 
grids at the one end region of the series with 

65 greater compliancy so that, after irradiation. 

the sub-asembly can be dismantled by with-
drawing the bundle of fuel pins from the end 
of the wrapper which contains the grids of 
greater compliancy; during withdrawal, as the 

70 swollen central regions of the pins are drawn 
into and successively through the grids of 
greater compliancy, the effort required for 
withdrawal progressively reduces. 

The invention will also reside in a nuclear 
75 fuel sub-assembly comprising a central fuel 

section extended at opposite ends by a locat-
ing section and a neutron shielding section 
and wherein the central fuel section comprises 
a multiplicity of elongate fuel pins spaced 

80 apart within a tubular wrapper by a series of 
longitudinally spaced bracing grids, each grid 
comprising a plurality of strips formed to 
produce a complex of hexagonally shaped unit 
cells in honeycomb array each cell being 

85 formed from a discrete strip of material and 
having three equally spaced windows or open-
ings formed therein and three embossments 
disposed one between each pair of adjacent 
windows to provide guide pads for a fuel pin, 

90 and wherein a plurality of the grids at the end 
region of the series which is adjacent the 
locating section has cells more yieldable than 
the cells of the remainder of the grids. In a 
preferred construction of nuclear fuel sub-

95 assembly according to the invention, the less 
yieldable cells have a pair of second emboss-
ments, the second embossments of each pair 
being disposed on each side of the first em-
bossments to form a linear group extending 

100 parallel to the longitudinal axis of the cells, 
the second embossments being of lesser ra-
dial height than the first embossments. 

The invention will also reside in a liquid 
metal cooled nuclear reactor of the kind 

105 wherein a nuclear fuel assembly is submerged 
in a pool of coolant, the fuel assembly com-
prising a plurality of fuel sub-assemblies up-
standing in side-by-side array, each sub-as-
sembly comprising a multiplicity of elongate 

110 fuel pins spaced apart within the tubular 
wrapper by a series of bracing grids, each grid 
comprising a plurality of strips formed to 
produce a complex of hexagonally shaped unit 
cells in honeycomb array each cell being 

115 formed from discrete strip of material and 
having three equally spaced windows or open-
ings formed therein and three embossments 
disposed one between each pair of adjacent 
windows to provide guide pads for a fuel pin, 

120 a plurality of grids disposed at the lower end 
region of each sub-assembly having cells 
more yieldable than the cells of the remaining 
grids. 

Constructions of nuclear reactor fuel sub-
125 assembly and a liquid metal cooled fast 

breeder nuclear reactor all embodying the 
invention are described, by way of example, 
with reference to the accompanying drawings 
wherein: 

130 Figure 1 is a fragmentary side view, partly 
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in section of a typical fuel sub-assembly of 
hexagonal cross-section, the section on the 
left-hand side being an across flats view whilst 
the section on the right-hand side is an across 

5 corners view, 
Figure 2 is a plan view of a bracing grid, 
Figure 3 is an isometric view of a unit cell 

for a bracing grid generally as shown in Fig. 
2, 

10 Figure 4 is an isometric view of a unit cell 
for a second bracing grid generally as shown 
in Fig. 2, and 

Figure 5 is a sectional view of a typical 
liquid metal cooled fast breeder nuclear reac-

15 tor. 
The fuel sub-assembly shown in Fig. 1 

comprises a central fuel section 1, a lower 
end locating section 2 and an upper end 
neutron shielding section 3. The fuel section 

20 1 comprises a bundle of spaced elongate fuel 
pins 4 enclosed within a tubular wrapper 5. 
The pins are supported at their lower ends by 
a grid 6 and are braced intermediate their 
ends by a series of cellular grids 7 of honey-

25 comb array. The grids 7 are disposed at 
intervals along the wrapper being secured 
thereto by engagement of the corner cells 
with notched posts secured in the corners of 
the wrapper. The lower end locating section 

30 comprises a spike 8 for engaging a socket in 
a fuel assembly support structure 27 and has 
apertures 9 through which coolant can flow 
from within the structure of conical mesh filter 
10 and gag means 11 are provided for cool-

35 a n t f low between the spike 8 and the bundle 
of fuel pins 4. The gag means 11 comprises a 
plurality of apertured plates 12 spaced apart 
by woven wire mesh discs 13. The upper 
section 3 is of massive steel and comprises a 

4 0 tubular member 14 which has an internal lip 
15 for engagement by lifting means. 

The bracing grids 7, as shown generally in 
Fig. 2, each have a right hexagonal boundary 
and comprise 325 unit cells 16 arranged in 

45 honeycomb pattern. The cells are of generally 
hexagonal shape all except the outer row of 
cells being right hexagonal. The cell at each 
corner of the complex is adapted to receive a 
corner post 17. Each unit cell is formed from 

5 0 strip material, the edge-to-edge ends being 
spaced apart. Each cell has three equally 
spaced windows 18 as shown in Figs. 3 and 
4 and between adjacent windows there is an 
elongate embossment 19 forming a guide pad 

55 for a fuel pin. The upper grids designated 7a 
of the series have cells 16 as shown in Fig. 3, 
the windows being generally rectilinear and of 
width equal to the side of the hexagonal 
section. The lower three grids designated 7b 

6 0 o f the series have cells 16 as shown in Fig. 4, 
each window being wider than a hexagonal 
side of the cell to define narrow strips be-
tween the windows, the strips carrying the 
embossments 19 which are of reduced 

65 length. The effect of the narrow strip and 

embossments of reduced length is to render 
the cells more yieldable and therefore endow 
the grids 7b with greater compliancy than the 
grids 7a. The cells of the upper grids 7a hav^ 

70 on each continuous side a pair of smaller 
embossments 20 disposed one beyond each 
end of each of the elongate embossments 19 -
to form linear groups extending parallel to the 
longitudinal axis of the cells. The smaller 

75 embossments provide additional bracing pads 
or backstops for a fuel pin in the event that 
bowing of the pin occurs during irradiation of 
the fuel sub-assembly. Each pair of abutting 
sides of the cells are secured together by a 

8 0 pair of spot welds disposed in opposite end 
regions of the sides. The grid has across flats 
dimension 134.6 mm, the cells 16 being 
formed from stainless steel strip 25.5 mm 
wide by 0 .20 mm thick with windows 12.5 

85 mm long. The embossments 19 of grids 7b 
define a cell diameter nominally of 6.5 mm 
whilst the cell diameter bounded by the em-
bossments or pads 19 of grids 7a define a 
cell diameter of 5.8 mm. The small emboss-

90 ments 20 of grids 7a define a cell diameter of 
6.1 mm. 

On assembly the bundle of fuel pins is 
threaded through successive grids 7, the grids 
being sufficiently compliant to enable the pins 

95 to deflect the unit cell structure to allow the 
pins to penetrate successive unit cells without 
causing scoring of the pins. During irradiation, 
swelling occurs particularly in the central re-
gions of the pins, but the fuel sub-assembly 

100 may be readily dismantled by removing the 
shielding and locating sections followed by 
cutting the wrapper immediately above the 
grid 6 and withdrawing the bundle of fuel 
pins through the lower end of the cut wrap-

105 per, the lower grids being sufficiently compli-
ant to enable the swollen regions of the pins 
to pass through readily. 

The smaller embossments in the grids 7a 
provide additional bracing pads or backstops 

110 for the fuel pins in the central region to resist 
bowing during irradiation which thereby facili-
tates withdrawal of the bundle of fuel pins 
from the wrapper whilst omission of the sec-
ond embossments from the grids of greater 

115 compliancy avoids further restriction to the 
swollen central regions of the pins in passage 
through the grids of greater compliancy. The 
end regions of the pins braced by the grids of 
greater compliancy are, in operation of the 

120 nuclear reactor, subjected to less irradiation 
than the central regions of the pins and there-
fore are not as susceptible to bowing. 

A plurality of sub-assemblies is used to form 
a fuel assembly 21 shown in the reactor 

125 construction of Fig. 5. The fuel assembly 21 
forming the reactor core is submerged in a 
pool 22 of liquid sodium coolant in a primary 
vessel 23. The primary vessel is suspended 
from the roof of a containment vault 24 and 

130 there is provided a plurality of coolant pumps 
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25 and heat exchangers 26 only one each of 
the pumps and heat exchangers being shown, 

i The fuel assembly 21 mounted on a structure 
27 is housed with the heat exchangers in a 

* 5 core tank 28 whilst the pumps 25, which 
deliver coolant to the structure 27, are dis-
posed outside of the core tank. The core or 
fuel assembly 21 comprises a plurality of the 
described fuel sub-assemblies which upstand 

10 from the structure 27 in closely spaced side-
by-side array. Control rods 29 and instrumen-
tation 30 penetrate the roof of the vault of the 
core tank. 

In operation of a nuclear reactor, coolant is 
15 flowed from the pumps 25 to the fuel assem-

bly by way of the structure 27 which distrib-
utes the coolant flow throughout the fuel 
assembly. Flow is upwardly through the fuel 
sub-assemblies by way of the tubular wrap-

20 pers 5 and in heat exchange with the fuel 
pins. Flow is thence from the upper region of 
the core tank 28 back to the outer region of 
the pool by way of the heat exchangers 26. 

25 CLAIMS 
1. A nuclear reactor fuel sub-assembly 

comprising a multiplicity of slender fuel pins 
housed in a tubular wrapper with a series of 
longitudinally spaced cellular grids for bracing 

30 the pins apart, each pin slidably engaging a 
discrete cell of each grid, the cells in a 
plurality of the grids disposed at one end 
region of the series being of weaker construc-
tion and therefore more yieldable than the 

35 cells of the remainder of the grids. 
2. A fuel sub-assembly according to claim 

1 and comprising a central fuel section ex-
tended at opposite ends by a locating section 
and a neutron shielding section and wherein 

40 the central fuel section comprises a multiplic-
ity of elongate fuel pins spaced apart within a 
tubular wrapper by a series of longitudinally 
spaced bracing grids, each grid comprising a 
plurality of strips formed to produce a com-

45 plex of hexagonally shaped unit cells in hon-
eycomb array, each cell being formed from a 
discrete strip of material and having three 
equally spaced windows or openings formed 
therein and three embossments disposed one 

50 between each pair of adjacent windows to 
provide guide pads for a fuel pin, and wherein 
a plurality of the grids at the end region of the 
series which is adjacent the locating section 
has cells more yieldable than the cells of the 

55 remainder of the grids. 
3. A fuel sub-assembly according to claim 

2 wherein the lesser yieldable cells have a 
pair of second embossments, the second em-
bossments of each pair being disposed on 

60 each side of the first embossments to form a 
linear group extending parallel to the longitu-
dinal axis of the cells, the second emboss-
ments being of a lesser radial height than the 
first embossments. 

65 4. A liquid metal cooled nuclear reactor of 

the kind where a nuclear fuel assembly is 
submerged in a pool of coolant, the fuel 
assembly comprising a plurality of fuel sub-
assemblies upstanding in side-by-side array, 

70 each sub-aesembly comprising a multiplicity 
of elongate fuel pins spaced apart within a 
tubular wrapper by a series of bracing grids, 
each grid comprising a plurality of strips 
formed to produce a complex of hexagonally 

75 shaped unit cells in honeycomb array, each 
cell being formed from a discrete strip of 
material and having three equally spaced win-
dows or openings formed therein and three 
embossments disposed one between each pair 

80 of adjacent windows to provide guide pads for 
a fuel pin, the cells in a plurality of grids 
disposed at the lower end region of each sub-
assembly having cells more yieldable than the 
cells of the remaining grids. 

85 5. A nuclear reactor according to claim 4 
wherein each of the lesser yieldable cells has 
a pair of second embossments disposed one 
on each side of the first embossments to form 
linear groups of embossments extending par-

90 allel to the longitudinal axis of the cell, the 
second embossments being of lesser radial 
height than the first embossments. 

6. A nuclear reactor fuel sub-assembly 
substantially as hereinbefore dscribed with ref-

95 erence to Figs. 1, 2, 3 and 4 of the accompa-
nying drawings. 

7. A liquid metal cooled nuclear reactor 
substantially as hereinbefore described with 
reference to Figs. 1, 2, 3, 4 and 5 of the 

100 accompanying drawings. 
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