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(54) Refuelling nuclear reactors 

(57) An improved fast reactor fuelling 
facility which allows on-load 
refuelling. The charge chute (11) is 
carried by two lambda-shaped 
pantographs (16,17) attached to a 
central rail (5) suspended from the 

vault roof. The element gripper (10) is 
moved within the charge chute by a 
third pantograph (12). Instruments are 
carried on an arm which can pivot into 
a shroud (4) around the central rail. 
Load cells (67,68), Fig. 6 (not shown), 
are provided for giving an indication of 
the load being exerted on the gripper 
pantograph linkage. 
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SPECIFICATION 
Improvements in nuclear reactor refuelling 
machines 

This invention relates to nuclear reactor 
5 refuelling machines by which is meant a 

mechanism for loading fuel assemblies into a 
reactor core and for removing fuel assemblies 
from the core. 

A nuclear reactor refuelling machine is 
10 described in are accepted British Patent 

Specification Serial No. 1 1 1 2 3 8 4 . That 
' Specification describes a parallel motion linkage 

and rotating shield mechanism whereby a tube 
can be positioned over a selected fuel assembly 

15 and the assembly drawn up into the tube by a 
gripper. The gripper is movable in the tube by an 
inclined shaft mechanism. This refuelling machine 
has to be removed from the reactor vault when on 
load and is replaced in this situation by a charge 

2 0 hole instrumentation plug. 

An object of the present invention is to provide 
a nuclear reactor refuelling machine which can be 
left in the reactor vault to reduce the off-load 
refuelling time for the reactor. 

2 5 According to the present invention, a nuclear 
reactor refuelling machine comprises a gripper 
device rangeable within a tubular chute, the 
gripper device being movable by a pantograph. 
Preferably, the pantograph comprises two limbs 

3 0 pivotally connected in a generally lambda-like 
configuration. Advantageously, the limbs are 
carried by carriages away from the gripper 
mechanisms. Preferably, the carriages run on 
rollers provided in a central support structure. The 

3 5 rollers may be carried on a central rail. Preferably, 
the gripper mechanism comprises a generally 
annular plug. 

Advantageously, the tubular chute is supported 
by two further pantographs from the central 

4 0 support structure. Preferably, the further 
pantographs are linked in operations. 
Advantageously, load sensing cells are provided in 
the control linkage for the pantographs said load 
sensing cells being disposed out of the reactor 

4 5 vault. 
An embodiment of the present invention will 

now be described by way of example only with 
. reference to the accompanying drawings, in 

which: 
5 0 Figure 1 is an incomplete elevation of a nuclear 

reactor refuelling machine in a first position, 
Figure 2 is a similar view, but showing a 

different position, 
Figure 3 is a perspective view of part of the 

55 refuelling machine, 
Figure 4 is a plan view in section, the upper half 

being take along I V — 4 of Figure 2 , the lower half 
being taken along V — 5 of Figure 2 , 

Figure 5 is a series of diagrams showing 
6 0 operation of the refuelling machine, and 

Figure 6 is an incomplete elevation of a control 
part of the refuelling machine. 

Reference is made firstly to Figure 1, in which a 
rotating shield for supporting the refuelling 

6 5 machine is indicated by 2. The refuelling machine 
comprises a central shroud 4 which carries a 
central rail 5. Rail 5 carries internal rollers 6 upon 
which carriages 7 and 8 can run, as will be 
described further below. 

7 0 A gripper device 10 for gripping fuel assemblies 
(not shown) is shown within a slotted tubular 
charge chute 11. The gripper device 1 0 is 
supported by a generally lambda shaped 
pantograph 12, comprising a long limb 13 and a 

7 5 short limb 14. The long limb is pivotally connected 
to a slider attached to the gripper 10 at one end 
and to the carriage 7 at the other. The long limb 
passes into the chute through a longitudinal slot 
15. The short limb is pivotally connected at one 

8 0 end to the middle of the long limb and at the other 
end to the carriage 8. 

The charge chute 11 is supported by an upper 
pantograph 16 and a lower pantograph 17. The 
pantographs 16 and 17 are supported on slide 

8 5 arrangements associated with the central rail 5 as 
will be described below with reference to Figures 
3 and 4. The pantographs 16 and 17 are generally 
similar to the panto graph 12, each having a long 
and a short limb 1 9 , 2 0 and 2 1 , 2 2 respectively. 

9 0 The limbs are pivotally connected to the above-
mentioned slider. Further upper and lower 
pantographs 16 ' , 17 ' (see Figure 4) are arranged 
behind the pantographs 16 and 17 for supporting 
the other side of the charge chute, but these 

9 5 cannot be seen in the elevation of Figure 1. The 
pantographs are ranged by means of control 
shafts which cause movement of the carriages 7 
and 8 or the sliders. Control shafts for the 
pantograph 12 are indicated by 2 4 and for the 

1 0 0 pantographs 1 6 , 1 7 by 25 . 

An instrument arm 2 6 is situated at the lower 
end of the rail 5. The instrument arm 2 6 is 

• required because the refuelling machine stays in 
the reactor on-load and, therefore, no charge hole 

105 instrument plug is used. The instruments carried 
on the arm are, for example thermocouples. The 
arm 2 6 is pivotly connected to the rail and 
controlled by a shaft 27 . Another shaft 2 8 is also 
shown in the shroud 4. 

1 1 0 Reference is now directed to Figure 2 , wherein 
like reference numerals are used for like parts and 
which shows the charge chute 11 retracted within 
the shroud 4 and the instrument arm extended in 
the reactor on-load position. Points to be noted in 

115 Figure 2 are that the pantograph attachment 
points to the charge chute 11 are off axis away 
from the rail 5. This gives a wider angle between 
the pantograph limbs in the part in shroud position 
and therefore better control. 

1 2 0 The gripper mechanism is of generally annular 
shape and contacts the charge chute along most 
of its (the gripper's) length, so that there is little 
danger of the gripper pivoting in use and thereby 
causing only a component of fuel assembly 

125 withdrawal force to be applied. Thermal expansion 
is allowed for because of the pivotal/slider 
attachment between the gripper 10 and its 
pantographs. Similarly the use of two pantographs 
1 6 , 1 7 for supporting the charge chute 11 



2 GB 2 066 773 A 2 

prevents the charge chute from pivoting away 
from the vertical. 

Reference is now made to Figure 3 , wherein 
like reference numerals to Figures 1 and 2 are 

5 used for like parts and wherein the attachment of 7 0 
the pantograph 1 6 , 1 7 to the previously 
mentioned slider can be seen. The slider 
comprises a generally square slotted tubular 
sleeve part 3 0 and a rectangular central rod 31 . 

10 The long limbs 1 9 , 2 1 of the pantographs 1 6 , 1 7 7 5 
respectively are pivotally attached to the sleeve 
3 0 by means of lugs 3 2 through which a stud 3 3 
is passed. The short limbs 2 0 , 2 2 of the 
pantographs are pivotally attached to the central 

15 rod 31 in a similar manner, except that the male- 8 0 
female part of the attachment is reversed. It is to 
be noted that the limb 2 2 is attached to the rod 3 1 
via a slider 3 4 of similar outer section to the 
sleeve 30 . Attachment to the limb 2 0 is through a 

2 0 slot 4 5 in sleeve 30 . The control shafts 2 5 can 8 5 
control the relative positions of sleeve 3 0 and rod 
31 and thus the angle between limbs 1 9 and 2 0 , 
2 1 and 2 2 , thereby controlling the displacement 
of the charge chute from the central rail 5. The 

2 5 sleeve 3 0 and slider 3 4 have guide fins 3 6 which 9 0 
engage within the rail 5. A similar arrangement 
supports pantographs 16 ' and 1 7 \ 

Reference is now made to Figure 4 , which 
shows the inter-relation between the components 

3 0 thus far described and wherein like reference 9 5 
numerals are used for like parts. In Figure 4 , it can 
be seen that the shroud 4 is attached to the rail 5 
by spacers 40 . The rail 5 is generally pi shaped 
having a back-bone 4 1 and central plates 4 2 , 4 3 

3 5 and end plates 4 4 and 4 5 . The rollers 6 are carried 1 0 0 
on the inner faces of the plates 4 2 and 4 3 via 
bushes 46 . A third set of rollers is carried on the 
inner face of the back-bone 4 1 . The carriages 7 
and 8 are provided with peripheral flanges 4 7 

4 0 which co-operate with the rollers 6. In use, if a 105 
carriage passes a roller, the latter makes only one 
revolution, since the circumference of the roller is 
chosen to be the same magnitude as the length of 
the carriage. 

4 5 Owing to the structure of the sliders, the 1 1 0 
pantographs 1 6 , 1 6 ' , 17 and 17 ' are carried 
outwardly of the plates 4 1 and 4 2 . Channels are 
provided in the plates 4 2 , 4 3 and in the end plates 
4 4 , 4 5 wherein the guide fins of the sleeves 3 0 

5 0 can engage. 115 
Reference is now made to Figure 5, which 

shows a succession of simplified diagrams 
referenced a, b, c , . . . t which show operational 
positions of the refuelling machine. Each diagram 

55 shows the shroud 4 , the gripper mechanism 10, 1 2 0 
the charge chute 11 and the pantographs 1 2 , 1 6 
and 17. The level of the reactor core is indicated 
by a horizontal line below the refuelling machine. 

Operation of the refuelling machine is now 
6 0 described with reference to all of the figures and in 125 

particular Figure 5. In Figure 5a, the refuelling 
machine is shown in collapsed position with the 
charge chute within the shroud 4 as shown also in 
Figures 2 and 4. In this position, the charge 

6 5 machine is rotated until it is lined up radially with 1 3 0 

a fuel assembly to be removed. The chute is then 
extended so as to be above the sub-assembly 
position in the core as shown in Figure 5b. The 
gripper is then lowered followed by lowering of 
the chute to just above the core as shown in 
Figures 5c and 5d. This two stage movement is 
effected to ensure that the gripper does not come 
out of the chute. However, the gripper is fully 
lowered within the chute so that it engages within 
the fuel assembly to be picked up. The gripper is • 
de-latched as shown in Figure 5e at this stage. 
The chute is then lowered fully as shown in 
Figure 5f. Such lowering of the chute causes the ' 
gripper fingers (not shown) to expand and latch on , 
to the fuel assembly. The gripper is then raised by 
actuation of the control shafts so that the fuel 
assembly is pulled within the charge chute, as 
shown in Figure 5g, the charge chute holding 
adjacent sub assemblies in position. The chute is 
then raised, followed by the gripper as shown in 
Figures 5h and 5i, again to prevent the gripper 
from rising above the chute. 

The chute is then moved to its orientation 
position whereat an orientation mechanism 51 
can be inserted within the chute and through the 
generally annular gripper to orientate a fuel 
assembly as shown in Figures 5j and 5k. Such 
orientation is necessary because the fuel 
assemblies are hexagonal and, if wrongly oriented 
would not fit into vacated locations in the core. 
The chute containing the sub-assembly is then 
withdrawn into the shroud, as shown in Figure 51. 
The fuel assembly is transferred to intermediate 
storage and a new fuel assembly picked up. In 
Figure 5m, the chute is shown extended from the 
shroud 4 ready for insertion of the new fuel 
assembly, the gripper is lowered followed by the 
chute, as shown in Figure 5n, to prevent the 
gripper from emerging from the top of the chute, 
the chute finishing just above core level. The 
gripper is then lowered to the point just before it 
becomes de-latched, followed by lowering the 
chute to contact the core as shown in Figures 5o 
and 5p. The gripper is then lowered towards the ? 

core, whereat the sub-assembly is in position, 
followed by the chute being raised to de-latch the 
fuel assembly, as shown in Figures 5q and 5r 
respectively. The gripper is then raised so that the 
sub-assembly is deposited, followed by the raising 
of the chute as shown in Figures 5s and 5t. The 
chute and gripper are then withdrawn into the 
shroud 4 so that the Figure 5a configuration is re-
adopted. While operating with the refuelling 
machine, the instrument arm 2 6 is withdrawn 
within the shroud 4 as shown in Figure 1. 

Reference is directed to Figure 6, in which a 
part of the nuclear reactor refuelling machine 
control above the reactor vault can be seen. A 
control shaft for the gripper is indicated by 60 , 
control shafts for raising and lowering the gripper 
by 61 , a control shaft for raising and lowering the 
chute by 62 , a control shaft for extending and 
retracting the chute by 63 , and drive means for 
the shaft by 64. The drive means 6 4 comprises a 
braked motor and gearbox 6 5 together with a 
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clutch and brake unit 66 . The shafts 61 are 
provided with load sensing cells 67 and 6 8 
respectively. The cells 6 7 and 6 8 are able to 
generate or modify an electrical signal such that 

5 the signal magnitude gives an indication of the 
load which is being experienced by the shafts 61 , 
i.e. the load which is being exerted by the 
pantograph arrangements. 

Reference is now directed again to Figure 1, 
10 from which it can be seen that a load cell 

arrangement may be provided between the limb 
13 of the pantograph 12 and the gripper device 

"10. The load cell 7 0 can give an indication of the 
load which is being placed upon the gripper device 

15 10. The indication is given by an electrical signal 
which may be modified or generated in a similar 
way to that which occurs with the signals 
generated by sensors 6 7 and 68 . In use, the 
comparison of signals from the devices 6 7 , 6 8 and 

2 0 7 0 can give a useful indication of whereabouts 
loads are occurring in the refuelling machine 
mechanism. This is because an indication of the 
overall load is given by the sensors 67 and 6 8 and 
the load at the actual gripping point by the sensor 

2 5 70. Therefore, the distribution of load as between 
the gripper device itself and the control 
arrangements can be worked out. Once some sort 
of correlation has been made, then the 
relationship between the signals being derived 

3 0 from the sensors 6 7 and 6 8 and 7 0 is known. 
Therefore, if in use, the sensor 7 0 should break 
down owing to radiation effects, then a substitute 
signal can be derived from the signals being 
derived by sensors 6 7 and 68. This is very useful 

3 5 because the signal generated by the gripper 
device can be used to indicate what sort of object 
is being gripped by the gripper, i.e. whether a fuel 
assembly or an absorber or control rod assembly is 
being gripped. 

4 0 From the above description it can be seen that 
an improved nuclear reactor refuelling machine is 

provided. 

CLAIMS 

1. A nuclear reactor refuelling machine 
4 5 comprising a gripper device rangeable within a 

tubular chute, the gripper device being movable by 
a pantograph. 

2. A nuclear reactor refuelling machine as 
claimed in Claim 1, in which the pantograph 

5 0 comprises two limbs pivotally connected in a 
generally lambda-like configuration. 

3. A nuclear reactor refuelling machine as 
claimed in Claim 2, in which the limbs are carried 
by carriages away from the gripper mechanism. 

55 4. A nuclear reactor refuelling machine as 
claimed in Claim 3, in which the carriages run on 
rollers provided in a central support structure. 

5. A nuclear reactor refuelling machine as 
claimed in Claim 4, in which the rollers are carried 

6 0 on a central rail. 
6. A nuclear reactor refuelling machine as 

claimed in Claim 5, in which the gripper 
mechanism comprises a generally annular plug. 

7. A nuclear reactor refuelling machine as 
6 5 claimed in any one of the previous claims, in 

which the tubular chute is supported by two 
further pantographs from the central support 
structure. 

8. A nuclear reaction refuelling machine as 
7 0 claimed in Claim 7, in which the further 

pantographs are linked in operation. 
9. A nuclear reactor refuelling machine as 

claimed in any one of the preceding claims, in 
which the pantograph for moving the gripper 

7 5 device is provided with load sensing cells in its 
control linkage, said load sensing cells being 
disposed outside of the reactor vault. 

10. A nuclear reactor refuelling machine 
substantially as herein before described and as 

8 0 shown in the accompanying drawings. 
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