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(71) We, NIKOLAI IVANOVICH SAVIN, 
ulitsa Zvezdinka, 3, kv.71; DMITRY ALEXAN-
DROVICH KHRAMOV, ulitsa Kultury, 3, kv.425; 
VLADIMIR JURIEVICH FILIPPOV, ulitsa Pisku-

5 nova, 32, kv.14; and VALERY VLADIMIROVICH 
BUGROV, ulitsa Kirova, 22, kv.57, all of 
Gorky, Union of Soviet Socialist Republics, 
and all citizens of the Union of Soviet 
Socialist Republics, do hereby declare the 

10 invention, for which we pray that a patent 
may be granted to us, and the method by 
which it is to be performed, to be particu-
larly described in and by the following state-
ment:— 

15 The present invention relates to nuclear 
reactors. 

According to one aspect of the present 
invention there is provided a nuclear reactor 
comprising a core accommodating a plural-

20 ity of fuel assemblies each with a head 
having an internal groove and shaped as 
a polygonal prism, and a refuelling device 
for replacing spent fuel assemblies, the 
refuelling device comprising a guide mem-

25 ber which at its core-ward end is shaped 
as a truncated cone, the vertex of which is 
directed towards the heads of the fuel 
assemblies, and gripping means arranged 
to hold a fuel assembly to be moved by 

30 engagement with the internal recess of the 
assembly head, the end of each fuel as-
sembly head having recesses the number 
of which is equal to the number of adjacent 
fuel assemblies, and the head and recesses 

35 being arranged symmetrically with respect 
to the corner edges of the faces making 
up the polygonal prism of the heads of the 
fuel assemblies such that for any particular 
fuel assembly which is to be removed, sides 

40 of the two head end recesses of each adja-
cent fuel rod, which two recesses are next 
to the head end recess facing the said 
particular fuel assembly, together define in 
part the surface of a truncated cone coaxial 

45 with the said particular fuel assembly to 

be removed, the diameter of the smaller 
base of the truncated cone of the guide 
member being greater than the diameter of 
the smaller base of the truncaetd cone sur-
face defined in part by the said sides of 50 
the recesses of the said adjacent fuel as-
semblies but less than the diameter of its 
larger base. 

According to another aspect of the inven-
tion, there is provided a nuclear reactor 55 
comprising a core accommodating a plural-
ity of fuel assemblies each with a multi-
sided head, the fuel assemblies being ar-
ranged in a matrix such that the sides of 
each fuel assembly head face respective ad- 60 
jacent assemblies, and a refuelling device for 
replacing spent fuel assemblies, the refuel-
ling device comprising gripping means ar-
ranged to hold a fuel assembly to be moved, 
and a guide member for accurately posi- 65 
tioning the gripping means and formed 
with a core-ward facing frusto-conical sur-
face, the end of each assembly head having 
triangular castellations defined by recesses 
formed in the end faces of respective sides 70 
of the head whereby each fuel assembly 
head is notionally surrounded by a frusto-
conical surface on which lie sides of the 
recesses formed in two head sides of each 
adjacent fuel assembly, said two head sides 75 
being the head sides adjacent the head side 
facing the fuel assembly head surrounded 
by the frusto-conical surface, said recess 
sides lying on the said notional frusto-
conical surface facilitating operation of the 80 
gripping means by engagement with the 
frusto-conical surface of the guide member 
during handling of the fuel assembly sur-
rounded by the notional frusto-conical sur-
face, and the smaller base of the guide 85 
member frusto-conical surface being of 
greater diameter than that of the said 
notional frusto-conical surface whereby said 
engagement of the guide member with the 
recess sides serves to displace the adjacent 90 
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fuel assemblies away from the assembly 
being handled. 

A nuclear reactor embodying the inven-
tion will now be particularly described, by 

5 way of example, with reference to the 
accompanying drawings, in which: 

Figure 1 is a section through the nuclear 
reactor; 

Figure 2 is a plan view of fuel assemblies 
10 accommodated in the reactor core, to an 

enlarged scale; 
Figure 3 is a side view of a fuel assembly 

of the reactor; 
Figure 4 is a section through part of the 

15 fuel assembly of Figure 3 to an enlarged 
scale; 

Figure 5 is a perspective view of the part 
of the fuel assembly shown in Figure 4; 

Figure 6 is a section through parts of 
20 several fuel assemblies and through part of 

a refuelling device engaged with the fuel 
assemblies; and 

Figure 7 is a section on line VH-VTI of 
Figure 6. 

25 The nuclear reactor now to be described 
is a fast neutron reactor comprising a vessel 
1 (Fig. 1) with plugs 2 and 3 eccentrically 
arranged in the top portion of the vessel 
1. The plugs 2 and 3 are rotatable about 

30 their respective axes, being mounted on 
bearings 4 and 5, and provide biological 
shielding. The vessel 1 accommodates a re-
actor core A and a storage device 7 sur-
rounded by a coolant 6. The core A and 

35 storage device 7 accommodate fuel assem-
blies 8 (Fig. 2 and 3). Each fuel assembly 
8 (Fig. 3) comprises a casing having a 
central portion 9, a head 10 and a tail 11. 
The central portion 9 and head 10 of the 

40 casing are shaped as a polygonal prism 
which is hexahedral in the illustrated em-
bodiment. 

The casing head 10 of each fuel assembly 
is provided with an internal groove 12 (Fig. 

45 4) around its inner surface. The end face 
13 (Fig. 5) of each of the six faces 14 of 
the casing head 10 has a V-shaped recess 
15. As can be seen from Figure 2, the fuel 
assemblies 8 are arranged in a matrix such 

50 that each face 14 of each assembly 8 (except 
for the outside assemblies 8) is adjacent a 
respective further assembly 8 and thus the 
number of the recesses 15 of each assembly 
8 is equal to the number of adjacent fuel 

55 assemblies 8. In the illustrated embodiment, 
there are six recesses 15. The recesses 15 
give a triangularly castellated form to the 
end of the casing head 10. Sides 16 and 17 
(Fig. 5) of the recesses 15 are symmetrical 

uO with respect to the comer edges 18 of the 
faces 14 of the head 10 of the fuel as-
sembly 8. A line 19 of intersection of the 
sides 16 and 17 extends radially relative to 
the longitudinal axis of the fuel assembly 

65 8. 

Built inito the rotating plug 3 (Fig. 1) is a 
refuelling device 20 for removing spent fuel 
assemblies from the reactor core A and 
replacing them with fresh fuel assemblies. 
By moving the plug 3 relative to the plug 70 
2, the device 20 can be used to handle all 
the fuel assemblies 8 (Fig. 2) which are 
arranged in the core A under the plug 3. 
By rotating the plug 2 within the top por-
tion of the vessel 1 the device 20 has 75 
access to the remaining fuel assemblies 8 
(Fig. 2) located under the plug 2 (Fig. 1). 

The refuelling device 20 comprises a 
housing 21 secured on the rotating plug 3, 
a guide member 22 and gripping means 23 80 
(Fig. 6) accommodated in the guide member 
22. The lower end portion 24 of the guide 
member 22 is shaped as a truncated cone 
whose vertex is directed towards the head 
10 of the fuel assembly 8' being handled. 85 
The guide member 22 is reciprocally mov-
able by any suitable drive means 25 (Fig. 
1) mounted on the housing 21. 

The gripping means 23 (Fig. 6) comprises 
two bars, an outer hollow rod 26 and an 90 
inner rod 27. The outer rod 26 carries a 
working member, mounted thereon with the 
aid of joints 28. The working member com-
prises three jaws 29 (Fig. 7) arranged 
around the rod 27 at an angle of 120° to 95 
each other. When gripping a fuel assembly 
8', protrusions 30 of the jaws 29 (Fig. 6) 
engage in a groove 31 provided in the inner 
rod 27 and further protrusions 32 of the 
jaws 29 engage in the internal groove 12 ioo 
of the head 10 of the fuel assembly 8'. 

In the reactor core A (Fig. 2), the fuel 
assemblies 8 adjacent to the fuel assembly 
8' being handled, are so arranged that for 
each of these adjacent assemblies 8 the 105 
sides 16 (hatched) of the recess 15 next 
to the recess 15' facing the recess 15" of 
the particular fuel assembly 8', form parts 
of the surface of a truncated cone 33 whose 
axis is the same as the longitudinal axis l i o 
of the fuel assembly 8' being handled. 

The diameter of the smaller base of the 
truncated cone of the end portion 24 of the 
guide member 22 (Fig. 6) is greater than 
the diameter of the smaller base of the l i s 
truncated cone 33. 

In the course of the reactor's operation 
nuclear fuel is used up and it is necessary 
to replace spent fuel assemblies 8 by fresh 
ones. A refuelling operation is carried out 120 
as follows. 

First, the reactor must be shut down so 
that the spent fuel aissemblies can be re-
moved from the reactor core A (Fig. 1) to 
the storage device 7 and new fuel assemblies 125 
installed in their place. 

To remove spent fuel assemblies, the 
refuelling device 20 is appropriately oriented 
relative to a specific fuel assembly 8' (Fig. 
2) which is to be handled by rotation of 130 
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the plugs 2 and 3. 
The drive means 25 lowers the guide 

member 22 (Fig. 1) until it is above the end 
faces of the head 10 (Fig. 3) of the fuel 

5 assemblies 8 adjacent to the specific fuel 
assembly 8'. The gripping means 23 (Fig. 
6) and the rods 26 and 27 are also moved 
down so that the inner rod 27 enters the 
head 10 of the particular fuel assembly 8' 

10 to be removed. 
As the guide member 22 and the outer 

rod 26 simultaneously assume their lower-
most positions, the protrusions 30 of the 
jaws 29 engage in the groove 31 of the 

15 inner rod 26 and the protrusion 32 engages 
in the internal recess 12 of the fuel assembly 
8' whereby the jaws 29 grip the fuel as-
sembly 8'. The guide member 22 in its 
lowermost position is seated in the recesses 

20 15 of the fuel assemblies adjacent to the 
fuel assembly 8' being handled. Since the 
diameter of the smaller base of the trun-
cated cone of the end portion of the guide 
member 22 is greater than the diameter of 

25 the smaller base of the truncated cone 33 
defined by the sides 16 of' the recesses 15, 
the fuel assemblies 8 adjacent to the one 
being handled are moved aside, which facili-
tates the removal of this fuel assembly 8'. 

30 Hie adjacent fuel assemblies 8 are firmly 
held in place and therefore prevented from 
being withdrawn with the fuel assembly 8'. 

To remove the fuel assembly 8', the 
gripping means 23 still holding the fuel 

35 assembly 8' (Fig. 6) is raised by the drive 
means 25 (Fig. 1). The upward movement 
of the gripping means 23 stops when the 
tail 11 (Fig. 3) of the fuel assembly 8' (Fig. 
6) being removed rises above the level of 

40 the heads 10 of the adjacent fuel assem-
blies 8. The drive 25 (Fig. 1) then raises the 
guide member 22. The plugs 2 and 3 are 
then rotated to transfer the fuel assembly 
8' to the storage device 7 from where it is 

45 subsequently removed by the unloading 
mechanism (not shown). 

To charge the reactor with a fresh fuel 
assembly, the fresh fuel assembly 8' is first 
gripped in the gripping means 23 and 

50 retracted into the guide member 22. The 
drive means 25 then lowers the guide mem-
ber 22 down until the end portion 24 (Fig. 
6) is positioned in the recesses 15 of the 
fuel assemblies 8 adjacent the vacant soc-

55 ket intended for the fresh fuel assemblies 
8'. This process centres the refuelling device 
20 (Fig. 1) with respect to the socket where 
the fuel assembly 8' (Fig. 6) is to be in-
stalled and also moves the adjacent fuel 

60 assemblies slightly aside. The drive means 
25 then lowers the gripping means 23 with 
the fresh fuel assembly 8'. When the fuel 
assembly 8" is installed in place, the descent 
of the gripping means 23 is halted. The 

65 guide member 22 is then moved up and the 

jaws 29 of the gripping means loosen their 
grip. Meanwhile, the outer rod 26 is raised 
up, and so the jaws 29 leave the groove 
12 of the head 10 of the freshly installed 
fuel assembly 8'. The drive means 25 finally 70 
raises the inner rod 27 and the refuelling 
device 20 returns to its initial state. 

The described fuel assembly handling 
arrangement is particularly applicable to 
fast neutron reactors with a liquid-metal 7 5 

coolant. 
The interaction between, the guide mem-

ber 22 and the recesses 15 of the heads 10 
of the fuel assemblies 8 adjacent to the 
fuel assembly 8' being moved, improve 8 0 

the operating reliability of the refuelling 
device 20 and the nuclear reactor as a whole 
as it prevents any vertical movement of the 
adjacent fuel rods 8 during refuelling with 
the particular fuel rod 8'. Also the des- 8 5 

cribed nuclear reactor has the advantage 
that cooling is very efficient as the area of 
the heads 10 of the fuel assemblies 8 over 
which coolant flows is very high and so 
the hydraulic resistance of the fuel assembly 90 
is low. Also it is possible to use a strong 
working member for the gripping means 23. 

WHAT WE CLAIM IS: 
1. A nuclear reactor comprising a core 

accommodating a plurality of fuel assem- 95 
blies each with a head having an internal 
groove and shaped as a polygonal prism, 
and a refuelling device for replacing 
spent fuel assemblies, the refuelling 
device comprising a guide member 101 
which at its coreward end is shaped 
as a truncated cone, the vertex of 
which is directed towards the heads of 
the fuel assemblies, and gripping means 
arranged to hold a fuel assembly to be 10 
moved by engagement with the internal 
recess of the asssembly head, the end of 
each fuel assembly head having recesses 
the number of which is equal to the num-
ber of adjacent fuel assemblies, and the 11 
head and recesses being aranged symmetric-
ally with respect to the corner edges .of the 
faces making up the polygonal prism of the 
heads of the fuel assemblies such that for 
any particular fuel assembly which is to 11 
be removed, sides of the two head end 
recesses of each adjacent fuel rod, which 
two recesses are next to the head end re-
cess facing the said particular fuel assem-
bly, together define in part the surface of a 11 
truncated cone coaxial with the said parti-
cular fuel assembly to be removed, the 
diameter of the smaller base of the trun-
cated cone of the guide member being 
greater than the diameter of the smaller 12 
base of the truncated cone surface defined 
in part by the said sides of the recesses 
of the said adjacent fuel assemblies but 
less than the diameter of its larger base. 

2. A nuclear reactor comprising a core 1 
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accommodating a plurality of fuel assem-
blies each with a multi-sided head, the 
fuel assemblies being arranged in a matrix 
such that the sides of each fuel assembly 

5 head face respective adjacent assemblies, 
and a refuelling device for replacing spent 
fuel assemblies, the refuelling device com-
prising gripping means arranged to hold a 
fuel assembly to be moved, and a guide 

10 member for accurately positioning the 
gripping means and formed with a core-
ward facing frusto-conical surface, the end 
of each assembly head having triangular 
castellations defined by recesses formed in 

15 the end faces of respective sides of the head 
whereby each fuel assembly head is notion-
ally surrounded by a frusto-conical surface 
on which lie sides of the recesses formed 
in two head sides of each adjacent fuel 

20 assembly, said two head sides being the 
head sides adjacent the head side facing the 
fuel assembly head surrounded by the 

frusto-conical surface, said recess sides ly-
ing on the said notional frusto-conical sur-
face facilitating operation of the gripping 25 
means by engagement with the frusto-coni-
cal surface of the guide member during 
handling of the fuel assembly surrounded 
by the notional frusto-conical surface, and 
the smaller base of the guide member frusto- 30 
conical surface being of greater diameter 
than that of the said notional frusto-coni-
cal surface whereby said engagement of the 
guide member with the recess sides serves 
to displace the adjacent fuel assemblies 35 
away from the assembly being handled. 

3. A nuclear reactor, substantially as 
hereinbefore described with reference to the 
accompanying drawings. 

MATHISEN, MACARA & CO. 
Chartered Patent Agents, 
Lyon House, Lyon Road, 

Harrow, Middlesex. HA1 2ET. 
Agents for the Applicants 
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