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[571 ABSTRACT 
For use in forming the core of a pressurized-water 
reactor, a fuel assembly supporting structure for hold-
ing a bundle of interspaced fuel rods, is formed by 
interspaced end pieces having holes in which the end 
portions of control rod guide tubes are inserted, fuel 
rod spacer grids being positioned by these guide tubes 
between the end pieces. The end pieces are fastened to 
the end portions of the guide tubes, to integrate the 
supporting structure, and in the case of at least one of 
the end pieces, this is done by means which releases 
that end piece from the guide tubes when the end 
pieces receive an abnormal thrust force directed 
towards each other and which would otherwise place 
the guide tubes under a compressive stress that would 
cause them to buckle. The spacer grids normally hold 
the fuel rods interspaced by distances determined by 
nuclear physics, and buckling of the control rod guide 
tubes can distort the fuel rod spacer grids with conse-
quent dearrangement of the fuel rod interspacing. A 
sudden loss of pressure in a pressurized-water reactor 
pressure vessel, can result in the pressurized coolant in 
the vessel, discharging from the vessel at such high 
velocity as to result in the abnormal thrust force on the 
end pieces of each fuel, assembly, which could cause 
buckling of the control rod guide tubes when the end 
pieces are fixed to them in the normal rigid and un-
yielding manner. 

6 Claims, 9 Drawing Figures 
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FUEL ASSEMBLY SUPPORTING STRUCTURE 

BACKGROUND OF THE INVENTION 
The core in the pressure vessel of a pressurized-water 

reactor, for example, is formed by a large number of 
fuel assemblies. Each assembly comprises a fuel assem-
bly supporting structure holding a bundle of fuel rods 
laterally interspaced by distances determined by the 
nuclear physics involved. 

Pressurized water circulates through the vessel and a 
reactor coolant system comprising one or more pipe 
loops each including a steam generator and coolant 
pump for maintaining the circulation. A loss-of-coolant 
accident, such as a serious break in any of the loops, 
results in a pressure drop in the pressure vessel, the 
coolant then discharging from the vessel at high veloc-
ity. In the event of such an accident, the reactor protec-
tive system causes control rods to drop into the core to 
effect a scram, while activating an emergency core 
cooling system which injects emergency water into the 
pressure vessel to flood the core and thereafter circu-
late the water enough to control the after-heating of the 
core. The emergency core cooling system is designed to 
function adequately if the interspacing between the 
fuel rods of each assembly, remains undisturbed, but 
difficulties occur if this interspacing is dearranged. 

Each fuel assembly is formed by a fuel assembly 
supporting structure comprising vertically interspaced 
top and bottom end pieces which each comprise a flat 
horizontal plate which is perforated to pass the coolant 
and having a plurality of holes through which the end 
portions of vertical control rod guide tubes are inserted 
and fastened to the end pieces. Between the end pieces 
the guide tubes support fuel rod spacer grids, and the 
bundle of fuel rods is positioned with their designed 
interspacing by these grids. The guide tubes also func-
tion to receive and guide the control rods which can be 
inserted or raised as required, while guided by the 
guide tubes within the fuel bundle. 

Normally the end portions of the control rod guide 
tubes are rigidly and unyieldingly fastened to the end 
pieces. These guide tubes are designed to safely resist 
buckling under the thrust force applied to them by the 
end pieces when the latter receive the force of the 
normal coolant flow which is upwardly against the 
bottom end piece and through its perforations, at least 
during normal reactor operations. 

The pressure vessel contains a lower support struc-
ture and an upper support structure between which the 
fuel assemblies are held. In the event of a loss-of-coo-
lant accident on the part of the reactor's coolant sys-
tem, the coolant escaping from the reactor's pressure 
vessel can flow with high velocity upwardly or down-
wardly depending on the location of the break in the 
syste. In either event the coolant exerts a thrust force 
by way of the end pieces placing the control rod guide 
tubes under much greater compression than they are 
normally required to withstand. This thrust force may 
be only momentary, because the emergency core cool-
ing system is activated promptly in the event of such an 
accident, but it can exert sufficient compressive stress 
on the control rod guide tubes to cause one or more of 
them to buckle, this distorting the fuel rod spacer grids 
held by the control rod guide tubes and, consequently, 
dearranging the interspacing between the fuel rods 
themselves. This makes it difficult to control the after-
cooling by the emergency water. 

SUMMARY OF THE INVENTION 
To reduce the risk of such guide tube buckling, the 

present invention provides a fuel assembly supporting 
structure wherein at least at one of the end pieces, the 
guide tube end portions in the holes of that end piece, 
are fastened to that end piece by means for releasing it 
from the control rod guide tubes when the end pieces 
receive abnormal thrust forces directed towards each 
other. When a fuel assembly has this new supporting 
structure, the guide tubes are rigidly fastened to the 
end pieces under all normal service operating condi-
tions. In the event of a loss-of-coolant accident, it pro-
duces the abnormal thrust driving the end pieces 
towards each other, resulting from a thrust force ap-
plied to either of the end pieces with the other end 
piece positioned by the fuel assembly supporting struc-
ture of the reactor pressure vessel, the end piece having 
the releasable interfastening means, releases from the 
guide tubes and moves at least slightly towards the 
other end piece. Both end pieces, of course, may be 
provided with such releasable means. Because a sub-
stantial thrust force is required to effect the release, a 
substantial amount of the thrust force of the coolant is 
initially dissipated, the release occurring just safely 
before the guide tubes receive compression in excess of 
their ability to carry the stress without buckling. 

After the initial release, the released end piece or 
pieces may be driven into contact with the ends of the 
fuel rods held by the supporting structure, but when 
this occurs, much of the force applied to the end piece 
or pieces has been dissipated. It follows that with the 
guide tubes remaining straight and unbuckled, the 
tubes continue to hold the spacer grids without distor-
tion of these grids and with the latter holding the fuel 
rods with their designed interspacing. 

The releasable means may be formed by one or more 
metal elements positioned to be placed in shear when 
the end pieces receive the thrust force, this applying to 
the releasable means for any one control rod end por-
tion in the hole of any one of the end pieces. Such a 
metal element may be formed by a bendable piece of 
metal or by a breakable shear pin or the like. 

Conventionally, each control rod end portion has a 
shoulder or collar which engages the inside surface of 
that end portion's end piece, the other end of the con-
trol rod end portion projecting on the outside of the 
end piece with the latter clamped against the guide 
tube's collar or shoulder by a nut screwed on the pro-
jecting end of the guide tube portion. 

To execute the present invention, the inner collar 
may be positioned by one or more bendable metal tags, 
or locked to the guide tube by one or more breakable 
shear pins. Control rod guide tubes are normally thin-
walled, and according to this invention, a metal rein-
forcing sleeve is superimposed on each control rod 
guide tube end portion and inserted in the hole of the 
end piece involved. This sleeve is welded to the control 
rod guide tube and it is the sleeve that is provided with 
the collar, the outer end of the sleeve being threaded 
and provided with the usual nut. Such a sleeve can be 
rigidly and unyieldingly fastened to the end piece in the 
prior art manner and the welding between the sleeve 
and the control rod then designed to let go under the 
abnormal thrust force, but this involves the necessity 
for precision-welding techniques providing adequate 
holding under normal service conditions but released 
under the abnormal conditions. 
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The use of the sleeve does permit a simplified ar- necting rods between the end pieces and also, as re-
rangement wherein the sleeve itself carries the shear quired, to receive the control rods which can be in-
elements with the end piece designed to cooperate with scrted or removed via the guide tubes, as required. The 
the elements. interspaced fuel rod spacer grids are shown at 8 be-

tween the end pieces and supported by the guide tubes 
7 which extend through appropriate mesh openings of 

The presently preferred modes for carrying out this the spacer grids. As shown in the case of the bottom 
invention are illustrated somewhat schematically by the end piece 4, it can be seen that these end pieces are 
accompanying drawings, in which: formed by flat horizontal plates, suitably perforated for 

FIG. 1 is a vertical section showing the main compo- 10 the passage of the coolant upwardly through the fuel 
nents of a pressurized-water reactor; rods whose interspacing should be accurately deter-

FIG. 2 is a perspective view showing a typical fuel mined by the mesh patterns of the spacer grids 8, the 
assembly supporting structure to which the prinicples fuel rods themselves not being shown in FIG. 2. 
of this invention can be applied; Now it can be seen that a high velocity flow, much 

FIG. 3 is a longitudinal section showing details of one 15 greater than normal, through the core formed by the 
form of the present invention taken on the line A—A in assemblies 12, can thrust the bottom end pieces la 
FIG. 3a; upwardly with the top end pieces 4 ' held by the struc-

FIG. 3a is a cross section taken on the line 3a—3a in ture 9, or downwardly with the bottom end pieces la 
FIG. 3; then held by the structure 10. In either case, the effect 

FIG. 3b completely in longitudinal section shows a 20 is that the end pieces are thrust towards each other, this 
modification of FIG. 3; placing the guide tubes 7 in compression. These guide 

FIG. 4 shows a second form of the invention, this tubes 7 are, of course, designed to resist the compres-
being a longitudinal section taken on the line B—B in sion they operate under when the reactor is functioning 
FIG. 4a; normally; the guide tubes 7 are not designed to remain 

FIG. 4a is a cross section taken on the line 4a—4a in 25 rigid against buckling in the event of a loss-of-coolant 
FIG. 4; accident resulting in abnormal thrust forces on the end 

FIG. 4b in longitudinal section shows a modification pieces and consequently abnormal compression stress 
of FIG. 4; and on the guide tubes. Under such abnormal conditions, it 

FIG. 5 is a view similar to FIGS. 3 and 4 but showing is possible for one or more of the guide tubes 7 to 
another example of the invention. 30 buckle, consequently dearranging one or more of the 

spacer grids 8 and consequently, destroying the de-
signed interspacing between any fuel rods positioned in 

As schematically shown by FIG. 1, a pressurized- the meshes of the spacer grids, 
water reactor includes a pressure vessel 101 enclosing As previously described, the present invention pro-
a core made up of a plurality of vertical fuel assemblies 35 vides fastenings between the ends of the control rod 
12. Upper and lower support structures 9 and 10 sup- guide tubes and one or both of the end pieces, which 
port the top and bottom of each assembly, the support release when the end pieces are subjected to abnormal 
structures being positioned inside of a core barrel 102 thrust forces directed from one end piece towards the 
which is suspended within the vessel. In .operation, the other so as to place the guide tubes under compression, 
coolant system loop delivers the pressurized-water 40 One specific example of the invention is illustrated by 
coolant to the nozzle 103, the coolant going down- FIGS. 3 and 3a. The guide tube 7, only partially shown, 
wardly between the outside of the core barrel 102 and is illustrated as having its end inserted through one of 
the inside of the vessel 101, turning at the bottom and the holes 4 " , in this case formed through the bottom 
traveling upwardly through the core formed by the end piece 4. The guide tube 7 is illustrated as being 
assemblies 12 and through the upper support structure 45 provided with an extension 9, the two parts being inte-
9 to exit by way of an opening in the core barrel, grated by spot-welding 71. The end of the guide tube 
through the nozzle 104. The coolant circulating track is has the superimposed sleeve 1 which extends through 
shown by the arrows in FIG. 1. the hole 4 " and is fixed to the guide tube by spot-welds 

As previously described, a break in the coolant sys- 91. On the outside or bottom side of the end piece 4, a 
tem drops the pressure on the coolant in the vessel with 50 washer 3 and the usual nut 2 is provided, this nut being 
the coolant discharging at high velocity through either screwed onto threads formed on the sleeve 1. 
or both of the nozzles 103 and 104, going in the direc- However, on the inside or top side of the end piece 4 
tion of the break where the pressure loss is occurring. a washer 6 is positioned in a recess formed in that side 
The coolant flow through the core barrel 102 occurs at of the end piece, and this inner end of the sleeve 1 has 
very high velocity, at least initially in the case of a 55 outwardly bent tabs 11 engaging the washer 6. Tighten-
Ioss-of-coolant accident on the part of the reactor cool- ing of the nut 2, firmly clamps the end piece 4 against 
ant system. the tabs 11. 

In FIG. 2 a conventional fuel assembly supporting Incidentally, the washer 6 is provided because the 
structure 12 is shown, and it may be any of those shown hole 4 " has portions interrupted by holes 41 formed 
at 12 in FIG. 1. The bottom end piece is shown at 4 and 60 through the end piece 4 to provide coolant flow pas-
the top end piece at 4 ' , these being vertically inter- sages, this leaving only four cylindrical segments engag-
spaced by the interconnecting control rod guide tubes ing the sleeve 1, the washer 6 providing a bearing en-
7 normally having the rigid unyielding connections with gaging these portions. 
the end pieces by way of fixed inner collars (not The tabs 11 are designed to hold the end piece 4 
shown), the ends extending outwardly to the outsides 65 against upward displacement under normal coolant 
of the end pieces and as shown in the case of the bot- flow conditions in the reactor pressure vessel 101. Of 
torn end piece 4 being provided with nuts la screwed necessity, all of the parts described are made of metal, 
on their ends. The guide tubes serve as structural con- and knowing the wall thickness of the tabs 11 and the 



bendability of the metal involved, and knowing the 
maximum compression the control rod guide tube can 
carry without buckling, it is possible to design the tabs 
11 to bend in the axial direction of the guide tubes 7 
only when the thrust force on the end piece 4, indicated 
by the arrow F, approaches a value that would cause 
buckling of the guide tube. The deformation of the 
metal tabs 11 that then occurs absorbs a great deal of 
the energy of the thrust force and should the end piece 
engage the ends of the fuel rods (not shown), the end 
piece has little energy left in it to cause appreciable 
damage to the fuel rods. As previously indicated, in the 
case of a loss-of-coolant accident, the high veloticy 
flow of coolant in the pressure vessel, occurs only mo-
mentarily. 

FIG. 3b serves to show a simplification wherein the 
washers 3 and 6 are eliminated, the tabs 11 bearing 
directly against the inside of the end piece 4 by way of 
a reccss surface 42 formed in the inside of the end 
piece. 

In FIGS. 4 and 4a essentially the same parts are 
shown excepting that in this instance the sleeve 1 and 
the washer 6 have radial holes in which shear pins 5 are 
positioned to releasably lock the parts together. In this 
case abnormal force results in shearing of the shear 
pins 5. 

Again, as in the case of FIG. 3b, FIG. 4b shows that 
the washers 3 and 6 can be eliminated, the inside of the 
end piece 4 being flanged and formed with radial holes 
44 in which the shear pins 5 are positioned and locked 
in position by welds 44 ' . The flange is shown at 43. 

In FIG. 5 the sleeve 1 is formed with detents engaged 
by balls 51, the washer 6, in this instance, having an 
inwardly extending lip 61 which is elastically deform-
able and resiliently holds the balls 51 in the detents in 
the sleeve 1. 

In all cases, the tabs 11, the shear pins 5, and the 
resiliently held balls 51, are designed so that the fuel 
assembly supporting structure involved is held inte-
grated together as firmly as usual when operating under 
a normal coolant flow force in the pressure vessel of the 
reactor. However, if the coolant flow force increases to 
a degree introducing tube buckling compressive force 
to the control rod guide tubes, the design of each of the 
releasable means would be such as to then let go and 
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permit the end piece to move axially with respect to the 
guide tubes during the momentary period involved. 
Since the control rod guide tubes, which function as 
connecting rods between the two end pieces, do not 

5 buckle, the spacer grids 8 remain undisturbed without 
relative movement between them, the control rod 
guide tubes, and the fuel rods held by the spacer grid. 
With the fuel rod interspacing undisturbed, the intro-
duction of emergency core cooling water to the core, 

10 can effectively control after-cooling of the core follow-
ing a core scram or shutdown. 

What is claimed is: 
1. A fuel assembly supporting structure comprising 

interspaced end pieces having holes formed there-
15 through, rods having ends positioned in said holes, fuel 

rod spacer grids positioned between said end pieces by 
said rods, and releaseable means for fastening the rods 
to said end pieces and which means at least at one of 
the end pieces releases that end piece, enabling said 

20 end piece to slide axially with respect to said rods when 
the end pieces receive abnormal thrust forces directed 
towards each other. 

2. The structure of claim 1 in which the releasable 
means includes one or more elements positioned to be 

25 placed in shear when said end pieces receive said thrust 
force. 

3. The structure of claim 2 in which said rods are in 
the form of control-rod guide tubes and the releasable 
means includes sleeves Superimposed over the ends of 

30 the guide tubes in the end piece holes, said elements 
connecting said sleeves with the inside of said one of 
the end pieces and the sleeves on the outside of that 
end piece having means for engaging said outside. 

4. The structure of claim 3 in which said sleeves have 
35 outwardly bent tabs formed said elements. 

5. The structure of claim 3 in which said sleeves have 
radial holes and shear pins in these radial holes, the 
shear pins connecting with said inside and forming said 
elements. 

40 6. The structure of claim 3 in which said sleeves have 
detents, balls are positioned in said detents and said 
balls have means for holding them resiliently in the 
detents and for connecting the balls with said inside to 
thereby form said elements. 
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