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(71) We, BRITISH NUCLEAR FUELS 
LIMITED, a British Company, of Risley, 
Warrington, Cheshire, do hereby declare the 
invention, for which we pray that a patent 

5 may be granted to us, and the method by 
which it is to be performed, to be par-
ticularly described in and by the following 
statement:— 

This invention relates to nuclear fuel 
10 elements for gas cooled nuclear reactors in 

which a cluster of nuclear fuel pins are 
supported in spaced apart relationship, axes 
parallel, by a support structure which allows 
the cluster to be handled as a unit and main-

15 tained as a unit during irradiation. In one 
form such a fuel element has each of its 
fuel pins supported at one end by a grid 
carried in an outer sleeve which shrouds 
the cluster and the correct spacing of the 

20 pins preserved along their length by one 
or more transverse braces of cellular form 
which brace the fuel pins at one or more 
positions along their length. These braces 
have been supported peripherally on an 

25 inner sleeve co-axial with said outer sleeve 
and through which the reaction of forces, 
applied to the braces (either by pin dis-
tortion or by vibration), is transmitted to the 
outer sleeve. 

30 To accommodate differential dimensional 
changes especially axial changes it has been 
the practice to divide the inner sleeve trans-
versely and leave axial clearance between 
the divided parts but it has been found that 

35 the braces can then easily distort under 
dishing stresses which fuel pins, subjected 
to bowing and vibration—induced forces 
during irradiation, impose on the braces. 
Distortion of the braces renders them func-

40 tionally defective. It is also known to use 
structure for such a fuel element in the form 
of a central guide tube which passes through 
the centre of the cluster and is secured to 
the grid at the lower end of the cluster. 

45 According to the present invention there 
is provided a nuclear fuel element having a 
cluster of nuclear fuel pins supported in 
parallel, spaced apart relationship by trans-

verse cellular braces within coaxial, inner 
and outer sleeves, the inner sleeve being in 50 
at least two separate axial lengths, each of 
the transverse braces having a peripheral 
portion which is clamped peripherally be-
tween the ends of the axial lengths of the 
inner sleeve. Each length of the inner sleeve 55 
is preferably attached, as by interengaging 
screw threaded formations at one of its 
ends, to the bore wall of the outer sleeve. 
The other of its ends is preferably left free 
so that differential axial growth between 60 
the inner and outer sleeves cannot put the 
inner sleeve in tension. The substantiaEy 
continuous support for the brace inhibits 
vibration of the brace and imparts high 
rigidity to its structure without calling for 65 
added material which could impede coolant 
flow or add to parasitic neutron absorption. 

One example of a cluster type fuel 
element embodying the invention will now 
be described by way of example with refer- 70 
ence to the drawings accompanying the 
Provisional Specification in which: 

Figure 1 is an axial cross-section through 
a cluster type nuclear fuel element, 

Figure 2 is a quadrant of the cluster 75 
shown in Figure 1 in cross-section on the 
line II—II, and 

Figure 3 is a scrap view of part of Figure 
1 in the direction of arrow III. 

In the drawings at Figure 1 nuclear fuel 80 
pins 1 are supported axes parallel in spaced 
apart relation as a unitary assembly by 
support structure to form the fuel element. 
The support structure includes an outer 
graphite sleeve 2, a composite inner graphite 85 
sleeve including lengths 3a, 3b, 3c, 3d, a 
number of transverse supports and a tube 
36. The transverse supports comprise an 
upper brace 4, a lower guide grid 5 and 
transverse braces 6, 7 and 8 distributed along 90 
the cluster, one between each adjacent pair 
of sleeve lengths 3a, 3b, 3c, 3d, in a manner 
such that these sleeve lengths peripherally 
on to all the braces giving the braces sup-
port against dishing stresses. This results 9i 
in the braces being more able to resist not 
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only intense dishing but also radial stresses 
imposed on them by any distorting fuel pins 
so avoiding the onset of destructive vibra-
tions and effecting the preservation of cor-

5 rect fuel pin spacing. 
The fuel pins are supported at their lower 

ends by the lower grid 5 whose ferrules are 
secured to fuel pin extensions whilst the 
braces maintain the pins in their correct 

10 relative positions. The periphery of the grid 
5 sits on an internal shoulder 9 in the bore 
of the outer sleeve 2 and is held in position 
by the adjacent end of the inner sleeve 
length 3d by means of the screw threaded 

15 engagement at 40 of the lower end of this 
sleeve and with the bore of the outer sleeve. 
Locking of the engaged parts is achieved by 
lugs at 120° spacing on the periphery of 
the grid 5. Those lugs shown are the axially 

20 projecting lug 12 engaging slot 13 in 
shoulder 9 and the axially projecting lug 14 
engaging slot 15 in the end face of the sleeve 
length 3d. The upper end face of sleeve 
length 3d gives peripheral support to the 

25 brace 8 and the brace is clamped against 
said end face by the adjacent end face of 
the sleeve length 3c. All three co-operating 
parts are locked against relative rotation by 
axially projecting lugs on the brace 8. As 

30 shown lugs 16 at 120° spacing enter slots 
17 in sleeve 3d whilst lugs 18 also at 120° 
spacing enter slots 19 in the sleeve 3c so 
that once the sleeve length 3c is screwed 
down in position by interengaging threads 

35 20 the brace 8 cannot become undamped. 
The upper end face of sleeve length 3c 

engages the brace 7 in a similar manner, 
the brace 7 being clamped down and fixed 
by the next upper sleeve length 3b by means 

40 of interengaging screw threads at 21. Lock-
ing against relative rotation is effected by 
three pairs of axially projecting lugs on the 
brace 7, lugs 22 engaging slots 23 in the 
sleeve length 3c, lugs 24 engaging slots 25 

45 in length 3b. The brace 6 is in a similar 
manner clamped between the end faces of 
lengths 3b and 3a, the clamping force being 
applied via screw threaded interengagement 
of the sleeve length 3a and outer sleeve 2 

50 at 26. Lugs 27, 28 on the brace 6 engage 
slots 29, 30 in the sleeve lengths 3b, 3a 
respectively. The brace 4 is pressed against 
the end face of sleeve 3a by a retainer ring 
31 screwed into the upper end of the outer 

55 sleeve 2. Lugs 32, 33 on the brace 4 enter 
slots 34, 35 in the sleeve length 3a and the 
rign 31 respectively to prevent unscrewing. 
A tube 36 extends through the centre posi-
tion of the cluster and is fastened at its lower 

60 end to the lower grid 5. 

The assembly procedure for the fuel 
element is as follows:— 

The outer graphite sleeve 2 is placed on 
an assembly bench and the lower grid 5 

65 with the guide tube 36 already attached is 

inserted until it engages the shoulder 9 with 
the lower set of three lugs 12 extended 
axially to enter slots 13, whilst the three lugs 
14 are folded radially inwards towards the 
axis of the sleeve 2. The inner sleeve length 70 
3d is now introduced into the outer sleeve 
2 and is rotated when necessary to pass the 
several internal screw threads into the bore 
of the sleeve 2 until it engages screw thread-
ing 40. The sleeve length 3d is screwed 75 
down on to the grid 5 and rotation stopped 
when the lugs 14 are in visual alignment 
with the slots 15 in the end face of the 
sleeve. A long tool is then used to bend the 
lugs 14 from their folded position into the 80 
slots 15. The brace 8 is then inserted, with 
its cells aligned with those in the bottom of 
the grid and with its axially extended lugs 
16 entering slots 17 in the adjacent face of 
sleeve length 3d; the other lugs 18 being 85 
folded back. Sleeve length 3c is next intro-
duced and when its external screw threads 
engage those on the bore of the sleeve 2 
adjacent brace 8, the sleeve length 3c is 
screwed down to clamp the brace against the 90 
sleeve length 3d, rotation ceasing when slots 
19 align with lugs 18 on the brace. The lugs 
18 are then bent to project axially into slots 
19. The brace 7 follows the sleeve length 
3c into the outer sleeve 2 and its periphery 95 
sits on the end face of the sleeve in an 
orientation such that its axially projecting 
lugs 22 enter slots as at 23 in the sleeve 
length 3c but with lugs 24 folded back. 
The sleeve 36 is inserted and is screwed 100 
down on to the periphery of the brace 7 by 
interengaging screw threads 21. Once the 
brace 7 is firmly clamped and the slots in 
the sleeve length 3b register with lug posi-
tions on the brace, the lugs 24 are folded 105 
out so as to enter the slots 25 in the end 
face of sleeve length 3b. The brace 6 is next 
inserted so that its axially extended lugs 27 
enter slots 29 in the end face of sleeve 3b 
but with its complementary lugs 28 folded 110 
back. The top sleeve length 3a is screwed 
into threaded engagement with internal 
screw thread 26 on the bore of the sleeve 
2 and clamps down on to the periphery of 
the brace. 115 

The lugs 28 are folded radially outwards 
when the top sleeve length 3a has been 
screwed into position, the lugs entering slots 
30 in the sleeve length 3a. 

The top brace 4 is then placed on top of 120 
the sleeve 3a with its axially projecting lugs 
32 in slots 34 in the sleeve while folded 
back lugs 33 allow the retainer ring 31 to be 
screwed home and to abut the periphery of 
the brace 4. Each of the three lugs 33 are 125 
then bent into the axial groove 35 in the 
retainer ring 31. 

Finally the fuel pins 1 are threaded 
through the aligned cells of the braces. Ex-
tensions of the fuel pins at their lower ends 130 
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are secured in the ferrules in the bottom 
grid 5 to fix the pins axially. 

WHAT WE CLAIM IS:— 
5 l . A nuclear fuel element having a 

cluster of nuclear fuel pins supported in 
parallel, spaced apart relationship by trans-
verse cellular braces within coaxial, inner 
and outer sleeves, the inner sleeve being in 

10 at least two separate axial lengths, each of 
the transverse braces having a peripheral 
portion which is clamped peripherally be-
tween the ends of the axial lengths of the 
inner sleeve. 

2. A nuclear fuel element as claimed in 15 
claim 1 in which one end of each length of 
inner sleeve is secured to the bore wall of 
the outer sleeve and the other end of each 
length being unrestrained in an axial direc-
tion relative to the bore wall of the outer 20 
sleeve. 

3. A nuclear fuel element substantially 
as described with reference to the drawings 
accompanying the Provisional Specification. 

M. T. HUNT, 
Chartered Patent Agent, 

Agent for the Applicants. 
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