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(54) IMPROVEMENTS IN OR RELATING TO NUCLEAR 
REACTORS 

(71) We, BRITISH NUCLEAR surface in the peripheral direction of the 45 
DESIGN & CONSTRUCTION LIMITED, core. 
of Cambridge Road, Whetstone, Leicester The said upwardly-facing surfaces may 
•LE8 3LH, a British Company, do hereby be arranged facing both upwardly and 

5 declare the invention, for which we pray outwardly with respect to the core, with the 
that a patent may be granted to us, and the rollers bearing both downwardly and 50 
method by which it is to be performed to inwardly upon these surfaces so as 
be particularly described in and by the advantageously also to have a horizontal 
following statement:— component of force directed towards the 

10 This invention relates to nuclear reactors vertical centre line of the core, the 
and in particular to systems for restraining horizontal component of force serving to 55 
movement of nuclear reactor cores. assist in holding the core together. 

Where the core of a nuclear reactor The system may comprise locating means 
comprises a substantially rigid assembly of for each roller, each locating means being 

15 components, for example a plurality of fixed against movement in the said 
vertically-disposed parallel columns, it is peripheral direction and having a 60 
necessary to provide a system for downwardly-facing surface arranged above 
restraining horizontal movement of the and substantially parallel to a respective 
core as a whole. However a difficulty arises one of the upwardly-facing surfaces, with 

20 in that such a system must be sufficiently the respective roller disposed between 
resilient to accommodate thermal ex- those two surfaces in rolling contact 65 
pansion of the core in both horizontal and therewith, said roller being located against 
vertical directions. movement in the said peripheral direction 

According to the invention there is by frictional contact with the said 
25 provided a system for restraining horizontal downwardly-facing surface. Each locating 

movement of a substantially rigid nuclear means may be connected to a fixed body 70 
reactor core composed of vertically- by a hinge which is parallel to the 
disposed columns supported from below, rotational axis of the associated roller, and 
the system comprising a plurality of each locating means may comprise weights 

30 essentially cylindrical rollers disposed over of which the weight urges the associated 
the periphery of the core and located roller downwardly. Conveniently the said 75 
against movement in the peripheral body is a pressure vessel surrounding the 
direction of the core, each roller having its core. The weights may be constructed to 
rotational axis extending horizontally in the act as a neutron shield. 

35 said peripheral direction and being urged Where the diameter of the rollers is such 
downwardly against a respective upwardly that during expansion and contraction of go 
facing surface associated with peripherally the core rotational movement of the rollers 
disposed ones of the said columns, whereby is small, the rollers may, in cross-section, 
each roller can accommodate movement of have two redundant segments thereof 

40 the said upwardly-facing surface in the removed. 
radial direction of the core and upwardly One embodiment of the present 55 
by rolling and by bodily upward movement invention will now be described by way of 
of the roller, but by frictional contact with example, with reference to the accompany-
said surface resists movement of said ing drawings in which:— 
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Figure 1 is a fragmentary sectional 
elevation on the line I—I of Figure 2 
showing part of a nuclear reactor core and 
part of a concrete pressure vessel which 

5 surrounds the core; 
Figure 2 is a fragmentary sectional plan 

view, the upper part A of which is taken on 
the line HA—I1A in Figure 1, the centre 
part B of which is taken on the line 

10 HB—I IB in Figure 1, and the lower part C 
of which is taken on the line IIC—IIC in 
Figure 1; and 

Figure 3 is an enlargement of a small part 
of Figure 1. 

15 Referring to the drawings, the core of a 
nuclear reactor comprises a substantially 
rigid assembly of parallel vertically-
disposed hexagonal graphite columns 10 
which are supported from below. The core 

20 is enclosed within a concrete pressure 
vessel 12, only part of which is shown in the 
drawings. The inner surface of the pressure 
vessel 12 is provided with a steel liner 14 
and those parts of the liner 14 which are 

25 exposed to the highest temperatures are 
protected by a layer of thermal insulation 
16 (shown in Figure 1 only). The lower ends 
of the columns 10 are located horizontally 
and supported relative to the floor of the 

30 pressure vessel 12 by a supporting grid (not 
shown). Near the top of each column 10 is 
formed a set of projecting surfaces 18. 
Adjacent columns are in contact via the 
surfaces 18 and thus the columns 10 are 

35 located horizontally relative to each other. 
To restrain horizontal movement of the 

top of the core as a whole a series of rollers 
20 (which are essentially cylindrical, 
though they may be modified as described 

40 below with reference to Figure 3) are 
disposed over the periphery of the core, 
each being located against movement in 
the peripheral direction of the core as 
described below. The rotational axis of 

45 each roller 20 extends horizontally in the 
said peripheral direction. In cross-section 
the rollers 20 have two redundant segments 
21 removed (see Figure 3). Each roller 20 
bears downwardly against an upwardly-

50 facing surface of a respective bedplate 22 
which is supported upon peripherally-
disposed ones of the columns 10. Each 
roller 20 is urged downwardly onto its 
bedplate 22 by locating means in the form 

55 of a hinged frame 24 and a number of 
weights 26 supported thereon. Each frame 
24 is hinged from a bracket 25 fixed to the 
adjacent wall of the pressure vessel 12, the 
hinge being horizontal and parallel to the 

60 rotational axis of the respective roller, so 
that the frame 24 is fixed against movement 
in the peripheral direction of the core; and 
each frame is provided with a downwardly-
facing surface, arranged above and 

65 substantially parallel to the upwardly-facing 

surface of a respective one of the bedplates 
22, with the respective roller 20 disposed 
between the two opposed surfaces in 
rolling contact therewith. In the illustrated 
embodiment, the surfaces of the bedplates 70 
22 which are contacted by the rollers 20 
face both upwardly and outwardly with 
respect to the reactor core, and the 
opposed surfaces of the frame 24 are 
correspondingly inclined. 75 

Referring especially to Figure 1 it will be 
seen that, when thermal expansion of the 
core occurs, in operation of the reactor, 
horizontal and vertical expansion of the 
core at the level of the projecting surfaces 80 
18, and corresponding movement of the 
bedplates 22, in the radial direction of the 
core and upwardly are readily accommo-
dated by rolling and by bodily upward 
movement of the rollers 20, accompanied 85 
by small pivotal movements of the frames 
24 about the hinges 25. However, 
movement of the core as a whole in the 
direction normal to the plane of Figure 1 
will be prevented by the frictional 90 
engagement of the roller 20 shown in that 
Figure with its bedplate 22 and frame 24. 
Similarly others of the rollers 20 disposed a 
quarter of the core's circumference away 
from the roller shown in Figure 1, whilst 95 
permitting horizontal thermal expansion of 
the core as before, will prevent movement 
of the core as a whole in the direction 
parallel to the plane of Figure 1. Thus it 
will be seen that the combined effect of the 100 
series of rollers 20 is to permit thermal 
expansion of the core whilst preventing 
horizontal movement of the core as a whole. 

It will be seen in Figure 1 that in the 
illustrated embodiment of the invention the 105 
direction in which each roller 20 is urged 
by the frames 24 and weights 26 means that 
it has a horizontal component of force 
directed towards the centre of the core. 
This horizontal component is transmitted HO 
to the columns 10 via the projecting 
surfaces 18 and serves to assist in holding 
the core together. The outermost of the 
columns 10, which lie below the bedplates 
22, are held by tongues 28 which extend 115 
downwardly from the bedplates 22. It will 
also be seen that the outermost columns 10 
are divided into sections which at three 
points 30, 32, 34 are pivotally connected 
together. The effect of these pivots, when a 120 
downward force is applied via the rollers 20 
to each of the outermost columns 10, is to 
create a horizontal force directed toward 
the centre of the core which is transferred 
to adjacent ones of the columns 10 via a 125 
further set of projecting surfaces 36 
disposed near the bottom of the core. By 
this arrangement the bottom of the core is 
resiliently held together. 

The weights 26 are constructed to act as 130 
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a neutron shield to reduce upward 
streaming of neutrons between the pressure 
vessel wall and the periphery of the core. 
To further reduce neutron streaming the 

5 gap between the weights 26 and the wall of 
the pressure vessel 12 is covered by a shelf 
38 which is supported by the pressure 
vessel. 

It will be appreciated that the direction 
10 in which each roller 20 is urged by the 

frame 24 and weights 26 need have no 
horizontal component if a separate system, 
for example one or more circumferentially 
extending tie bands, is provided for holding 

15 the top of the core together. In such a case 
a roller system in accordance with the 
present invention would be concerned 
solely with restraining movement of the 
core as a whole and need play no part in 

20 holding the core together. 
WHAT WE CLAIMIST— 
1. A system for restraining horizontal 

movement of a substantially rigid nuclear 
reactor core composed of vertically-

25 disposed columns supported from below, 
the system comprising a plurality of 
essentially cylindrical rollers disposed over 
the periphery of the core and located 
against movement in the peripheral 

30 direction of the core, each roller having its 
rotational axis extending horizontally in the 
said peripheral direction and being urged 
downwardly against a respective upwardly 
facing surface associated with peripherally 

35 disposed ones of the said columns, whereby 
each roller can accommodate movement of 
the said upwardly-facing surface in the 
radial direction of the core and upwardly, 
by rolling and by bodily upward movement 

40 of the roller, but by frictional contact with 
said surface resists movement of said 
surface in the peripheral direction of the 
core. 

2. A system as claimed in Claim 1 and 
45 comprising locating means for each roller, 

each locating means being fixed against 
movement in the said peripheral direction 
and having a downwardly-facing surface 
arranged above and substantially parallel to 

50 a respective one of the upwardly-facing 
surfaces, with the respective roller disposed 

between those two surfaces in roiling 
contact therewith, said roller being located 
against movement in the said peripheral 
direction by frictional contact with the said 55 
downwardly-facing surface. 

3. A system as claimed in Claim 2, 
wherein each locating means is connected 
to a fixed body by a lunge which is parallel 
to the rotational axis of the associated 60 
roller. 

4. A system as claimed in Claim 2 or 
Claim 3, wherein each locating means 
comprises weights and the associated roller 
is urged downwardly by the weight thereof. 65 

5. A system as claimed in any of the 
preceding Claims, wherein each said 
upwardly-facing surface faces upwardly and 
outwardly with respect to the core, and the 
rollers downwardly and inwardly upon 70 
those surfaces. 

6. A system as claimed in any of Claims 3 
to 5, wherein the said fixed body is a 
pressure vessel surrounding the core. 

7. A system as claimed in any preceding 75 
Claim, wherein the rollers, in cross-section, 
have two redundant segments thereof 
removed. 

8. A nuclear reactor having a core 
comprising a substantially rigid assembly 80 
of components arranged in vertically-
disposed columns supported from below, 
incorporating a system, as claimed in any 
preceding Claim, for restraining horizontal 
movement of the core as a whole. 85 

9. A system for restraining horizontal 
movement of a substantially rigid nuclear 
reactor core composed of vertically-
disposed columns supported from below, 
constructed and adapted to operate 90 
substantially as shown in, and as 
hereinbefore described with reference to, 
the accompanying drawings. 

10. A nuclear reactor incorporating a 
system according to Claim 9, substantially 95 
as shown in, and as hereinbefore described 
with reference to, the accompanying 
drawings. 

For the Applicants, 
J. S. GASKIN, 

Chartered Patent Agent. 
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