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(54) Reactor Fuel Assembly 
Fastening 

(57) A nuclear fuel assembly adapted 
to be locked into first mating surfaces 
36 on a core support stand, 
comprising a lower end fitting having 
a plurality of posts 24 for resting on 
the stand; elongated hook members 
44 pivotally connected at one end 46 
to the lower end fitting and having a 
second mating surface 48 at the other 
end adapted to engage the first 
mating surfaces 36; actuating means 
30 located between the posts on the 

lower end fitting and being vertically 
movable relative to the end fitting; and 
rigid links 34 pivotally attached at one 
end to the hook members 44 
intermediate the connection of the 
hook members to the end fitting and 
the second mating surface and 
pivotally attached at the other end 52 
to the actuating means, the link 
having a length between the pivoted 
connections such that the second 
mating 48 surface on the hook 
members locks into engagement with 
the first mating surfaces 36 on the 
stand as the links 34 approach the 
horizontal. 
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SPECIFICATION 
Nuclear Reactor Fuel Assembly 

This invention relates to nuclear reactor fuel 
assemblies and in particular to such assemblies 

5 incorporating hold-down devices. 
In conventional pressurized water nuclear 

reactors, each nuclear fuel assembly rests on a 
core support stand and is properly positioned 
thereon when the fuel assembly alignment posts 

10 are firmly in place against the fuel assembly 
alignment pins in the core support stand. During 
core operation coolant is pumped into the region 
below the core support stand, continues upward 
through the fuel assembly lower end fitting, then 

15 flows into the active fuel region of the core. The 
rapid upward f low of the coolant exerts large 
forces over the entire length of the fuel assembly, 
tending to lift the assembly from the support 
stand. The assembly must be held firmly against 

20 these forces, but cannot be permanently attached 
to the support stand because periodic refueling of 
the reactor requires emoval or relocation of each 
assembly. 

Known methods of holding down the fuel 
25 assembly include spring devices at the top or 

bottom of the assembly which operate to bias the 
assembly against a fixed structure in the reactor 
vessel such as the fuel alignment plate at the 
upper end of the core or the core support stand at 

30 the bottom. Other devices have been proposed 
which lock the end fitting against the adjacent 
alignment pins as the fuel assembly is inserted 
into place. These kinds of devices have several 
disadvantages. Some, such as the vertical spring 

35 bias, exert compressive loads on structural 
members of the fuel assembly and contribute to 
bowing of the assembly after extended use. In 
others the hold-down force is not strong enough 
to prevent fuel assembly vibration. Yet another 

4 0 problem, particularly with the devices having 
springs on the lower end fitting for engagement 
wi th the alignment pins, is that the force required 
to disengage the assembly is very high and 
produces undesirable wear on the alignment pins. 

45 Also, bottom mounted hold-down devices are 
often relatively large and result in an undesirably 
high pressure drop between the core inlet and the 
fuel region of the reactor. Finally, most of these 
prior art devices are expensive to manufacture. 

50 According to the invention, there is provided a 
nuclear fuel assembly adapted to be locked into 
first mating surfaces on a core support stand, 
comprising a lower end fitting having post means 
for resting on the stand; elongate latch means 

55 pivotally connected at one end to the lower end 
fitting and having a second mating surface at the 
other end adapted to engage the first mating 
surface; actuating means located between the 
post means on the lower end fitting and being 

60 vertically movable relative to the end fitting; and 
rigid link means pivotally attached at one end to 
the latch means intermediate the connection of 
the latch means to the end fitting and the second 
mating surface and pivotally attached at the other 

65 end to the actuating means, the link means 
having a length between the pivoted connections 
such that the second mating surface on the latch 
means locks into engagement with the first 
mating surface on the stand as the link pivots 

70 approach the horizontal. 
There is also provided a nuclear fuel assembly 

adapted to be located on a core support stand 
having shouldered alignment pins, comprising a 
lower end fitt ing including a plurality of vertical 

75 alignment posts, each adapted to be located in 
close proximity to an alignment pin when the 
assembly is in the desired position on the stand; 
latch means pivotally connected at one end to the 
upper portion of at least one of the posts and 

80 having a cammed portion at the other end facing 
the shoulder on the pin when the assembly is in 
the desired position on the stand; a vertically 
movable actuating rod extending through the 
lower end fitting opposite and centrally located 

85 relative to the posts; and link means pivotally 
attached at one end to the latch means 
intermediate the latch pivot and cam and at the 
other end to the actuating rod, said link means 
having a fixed length between the pivot 

90 connections such that the cam firmly engages the 
shoulder as the link means approaches the 
horizontal. 

The invention thus provides an increasing 
locking force between the latch and the pin as the 

95 f low force against the rod increases. The latch is 
disengaged by merely pushing down on the 
actuating rod, which has the effect of pulfing the 
latch away from the pin. 

The assembly according to the invention is 
100 thus positively locked onto the core support stand 

and is also forced down against the stand during 
reactor operation when the coolant is f lowing 
upward through the reactor. During the removal 
of the fuel assemblies when there is no coolant 

105 f low, the grappling tool wil l automatically unlatch 
the fuel assembly hold-down device thus 
permitting its removal from the core support 
stand. Although the assembly comprises several 
moving parts, its ability to provide positive 

H O latching during reactor operation is a great 
advantage that overcomes this possible 
disadvantage. The prior art upper and lower end 
fitting designs which provided fuel assembly hold-
down can be greatly simplified by the reduction in 

115 spring rates or even elimination of the springs 
with a resulting decrease in the cost of fuel 
assembly fabrication. The fuel assembly 
according to the invention is relatively easy to 
fabricate and presents a small surface area to the 

120 upward f low of coolant whereby the pressure 
drop prior to entry into the fuel region is small 
compared with prior art bottom mounted devices. 

In the accompanying drawings: 
Fig. 1 is an elevation view of an embodiment of 

125 a nuclear reactor fuel assembly according to the 
invention; 

Fig. 2 is a section along the line 2 — 2 of Fig. 1; 
Fig. 3 is a section along the line 3 — 3 of Fig. 2; 

and 
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Fig. 4 is a section along the line 4 — 4 of Fig. 3. 
Fig. 1 shows a fuel assembly 10 located on a 

core support stand 12, The fuel assembly 
skeleton consists of upper and lower end plates 

5 14,16 to which are fixedly connected a plurality 
of hollow outer and centre guide tubes 18,20. 
The lower end plate 16 forms the upper portion of 
the lower end fitting 22. The alignment posts 24 
form the lower portion of the lower end fitting 22 

10 and are adapted to rest on the base 26 of the core 
support stand alignment pins 28, and to abut the 
pins when the assembly is properly placed on the 
core support stand 12. Fuel rods 30 are supported 
between the upper and lower end plates 14,16 

15 by means of spacer grids 32 which are rigidly 
connected to the guide tubes 18,20 and which 
form a matrix for spacing and supporting the 
individual fuel rods. 

The lower end fitting 22 provides a positive 
20 locking force to hold the fuel assembly 10 down 

on the base 266 of the core support stand 12. 
The locking assembly includes an actuating rod 
30 movable vertically with respect to the lower 
end plate 16 and extending through an extension 

25 32 of the lower end fitting 22. Link arms 34 
connect the actuating rod 30 to latches (not 
shown) which are adapted to engage shoulders 
36 on the pins 28. The latch is hidden from view 
in Fig. 1 but will be shown in more detail below. 

30 The locking action is provided by the upward 
force of the coolant against the lower end of the 
actuating rod 30 as described below. 

Fig. 2 shows that the lower end plate 16 has a 
plurality of openings 38 through which the 

35 coolant may flow upwardly into the fuel-bearing 
region of the core. 

Four outer guide tubes 18 are equally spaced 
about a centre guide tube 20 which in the 
preferred embodiment of the invention serves as a 

40 guide means for actuating the locking assembly, 
shown schematically in phantom below the lower 
end plate 16. It may be seen that the locking 
assembly is orientated along a diagonal of the 
lower end fitting 16 and interacts between 

45 opposite alignment pins 28. 
Referring now to Figs. 3 and 4 there are shown 

two views of the locking assembly along the 
diagonal of the end fitting. Only one side of the 
symmetrical assembly is illustrated. The 

50 alignment posts 24 depend from the lower end 
plate 16 and in the preferred embodiment have a 
concave outer surface 40 adapted to partially 
surround the vertical cylindrical surface 42 of the 
pin 28. The post 24 has an extended vertical slot 

55 26 in its intermediate portion in which a latch 44 
and link 34 are free to move. The latch 44 is 
pivotally connected to the post at 46 and extends 
downward forming a cam 48 adapted to mate 
with the shoulder 36 of the pin 28. Intermediate 

60 the connection 46 and the cam 48 a pivoted 
connection 50 to the actuating link 34 enables 
the latch 44 to co-operate with the actuating rod 
30. Each link 34 is pivotally connected at 52 to 
the collar 54 formed at the lower end of the 

65 actuating rod 30. The link 34 has a length which 

requires the cam 48 to firmly engage the shoulder 
36 when the pivot connections 50, 52 at both 
sides of each link 34 are nearly horizontal. 

In Fig. 4 it can be seen that the cam 48 has a 
70 curvature similar to that of the arc of the shoulder 

36 and extends for approximately 45 degrees 
along the circumference thereof. Since the outer 
surface of the post 24 spans approximately 90 
degrees of the pin circumference, the cam portion 

75 of the latch is hidden from view when the 
assembly is positioned on the support stand as 
shown in Fig. I .The 45 degree arc of the cam and 
the double arm structure of the link member 34 
between each latch 44 and the actuating rod 30 

80 help distribute the extremely high forces that can 
be generated when the links 34 approach the 
horizontal. 

In the preferred embodiment the actuating rod 
30 extends upwardly through the centre guide 

85 tube 20 and defines a space 56 through which in-
core nuclear instrumentation 58 may be moved 
during core operation to measure the 
performance of the fuel assembly. The centre 
guide tube 20 is conventionally welded to the 

90 lower end plate 16 and in the preferred 
embodiment is dimpled as shown at 60 in order 
to centre the actuating rod 30 therewithin. At a 
convenient axial location, the actuating rod 30 
has actuating flanges 62 formed to provide a 

95 surface on which an unlocking tool can be 
mounted to depress the rod 30 and unlock the 
latch 44 as described below. 

In the preferred embodiment the lower end 
plate 16 has a tubular extension housing 32 

100 welded thereto, the lower annulus of the 
extension providing a stop means 64 for a spring 
66 surrounding the portion of the actuating rod 
30 immediately above the collar 54. An annular 
washer 68 is fixedly attached to the actuating rod 

105 30 to hold the spring 66 in compression whereby 
an upward bias is maintained on the actuating rod 
30. This feature in the preferred embodiment of 
the invention provides a redundant actuation 
force and is not essential for operation of the 

110 invention. For example, eliminating the spring 66 
might require more careful design of the link 34 
and collar 54 to ensure that adequate surface 
area is presented to the flowing coolant to provide 
sufficient upward lift on the link connection at 52. 

115 In the embodiment including the spring 66, a 
relatively small spring force is required since the 
flow action assists the upward movement of the 
collar 54, and in addition the upward flow against 
the lower end plate 16 tends to lift the annular 

120 flange 64 on the lower end plate extension 32 
resulting in an upward bias the spring 66 on the 
washers 68. The lower end of the end plate 64 
extension 32 also provides a stop for the 
actuation collar 54 to prevent the link 34 from 

125 reaching the horizontal position or to rise still 
farther and disengage the cam 48. 

To insert or remove the assembly 10 from the 
reactor, a conventional refueling machine 
grappling tool (not shown) can be modified to 

130 include an elongate member for insertion into the 
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centre guide tube 20 to depress the actuator 
' stops 62. This depresses the collar 54 and draws 

the cam 48 within the post 24. In the event that 
some unforeseen problem should develop so that 

; 5 the spring 66 would hold the pivot 52 in the up 
position during refueling thus locking the 
assembly into place and preventing removal of 
the assembly, it would be quite simple to load the 
actuating rod 30 with enough force to shear the 

1 o end plate extension 32, thus destroying the 
annular stop 64 and neutralizing the spring so 
that the collar 54 can easily be pushed downward 
releasing the cam 48. It may be appreciated that 
locking and unlocking of the assembly is made 

15 without applying bending loads to the fuel 
support structure of the assembly. 

It may be seen that, although a very large hold-
down force can be generated in use of the 
assembly of the present invention, the use of 

20 oppositely disposed link members 34 along the 
assembly diagonal produces opposed loads on 
the collar 54 and thus minimizes the bending 
loads on the actuator rod 30 and guide tube 20. 
Also, the inclined surfaces on the fuel alignment 

25 pin 36 and the cam 48 allow for large tolerances 
to be accommodated since movement of the latch 
44 in the horizontal direction will in effect vary the 
engagement length required for the latch. 
Likewise, the components can be manufactured 

30 with rather loose tolerances since the unit is 
essentially self-adjusting, the assembly 10 tends 
to become centred with respect to the alignment 
pins 28 thus improving overall alignment of all 
assemblies in the reactor. The positive locking 

35 action will ratchet to the tightest position and 
allow no movement of the lower end fitting 22 
against the support stand 12 during core 
operation. 

Claims 
40 1. A nuclear fuel assembly adapted to be ocked 

into first mating surfaces on a core support stand, 
comprising a lower end fitting having post means 
for resting on the stand; elongate latch means 
pivotally connected at one end o the lower end 

45 fitting and having a second mating surface at the 
other end adapted to engage the first mating 
surface; actuating means located between the 
post means on the lower end fitting and being 
vertically movable relative to the end fitting; and 

50 rigid link means pivotally attached at one end to 
; the latch means intermediate the connection of 

the latch means to the end fitting and the second 
mating surface and pivotally attached at the other 

. end to the actuating means, the link means 
55 having a length between the pivoted connections 

such that the second mating surface on the latch 
means locks into engagement with the first 
mating surface on the stand as the link pivots 
approach the horizontal. 

60 2. A nuclear fuel assembly adapted to be 
located on a core support stand having 
shouldered alignment pins, comprising a lower 
end fitting including a plurality of vertical 
alignment posts, each adapted to be located in 

65 close proximity to an alignment pin when the 
assembly is in the desired position on the stand; 
latch means pivotally connected at one end to the 
upper portion of at least one of the posts and 
having a cammed portion at the other end facing 

70 the shoulder on the pin when the assembly is in 
the desired position on the stand; a vertically 
movable actuating rod extending through the 
lower end fitting opposite and centrally located 
relative to the posts; and link means pivotally 

'75 attached at one end to the latch means 
intermediate the latch pivot and cam and at the 
other end to the actuating rod, said link means 
having a fixed length between the pivot 
connections such that the cam firmly engages the 

80 shoulder as the link means approaches the 
horizontal. 

3. An assembly as claimed in claim 2, wherein 
said end fitting is square and has a post at each 
corner and wherein two of the diagonally opposite 

85 posts have latch means connected thereto and to 
said actuating rod. 

4. An assembly as claimed in claim 3, wherein 
said end fitting has a vertical housing on its 
underside in which the actuating rod may be 

90 reciprocated. 
5. An assembly as claimed in claim 4, wherein 

said post means having a latch connected thereto 
has a hollow intermediate portion through which 
said latch can move. 

95 6. An assembly as claimed in claim 4 or 5, 
further comprising a centre guide tube extending 
from said end fitting to the upper end of the 
assembly, and wherein said actuating rod is 
located partly within said centre guide tube. 

100 7. An assembly as claimed in any of claims 4 to 
6, wherein the lower end of said housing forms a 
stop surface for limiting the upward movement of 
the actuating rod whereby the link pivot to the rod 
is prevented from rising higher than the link pivot 

105 to the latch. 
8. An assembly as claimed in any of claims 4 to 

7, further including means associated with said 
housing and said actuating rod for upwardly 
biasing said actuating rod. 

110 9. An assembly as claimed in any of claims 4 to 
8, wherein said actuating rod includes a collar 
formed at its lower end, said collar providing the 
pivotal connection between said links and said 
rod. 

115 10. An assembly as claimed in any of claims 4 
to 9, wherein said housing includes an internal 
flange surrounding said actuating rod; said 
actuating rod includes a washer affixed thereto 
above said housing flange; and wherein spring 

120 means are interposed between said housing 
flange and said rod washer for upwardly biasing 
said rod relative to said housing. 

11. An assembly as claimed in any of claims 4 
to 10, wherein said actuating rod is hollow 

125 throughout its length. 
12. An assembly as claimed in claim 10, 

wherein the flange in said housing is weaker than 
the washer on said rod whereby the housing 
flange will preferentially break if excessive 
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downward force is applied to said actuating rod. 
13. An assembly as claimed in claim 11, 

wherein said actuating rod includes flanges 
thereon by which the rod may be depressed from 

5 above the fuel assembly through the guide tube. 
14. A nuclear fuel assembly substantially as 

herein described with reference to the 
accompanying drawings. 
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