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(71) We, THE BABCOCK & WILCOX 
COMPANY, a corporation organized and existing 
under the laws ofthe State of Delaware, United 
States of America, of 161 East 42nd Street, New 

5 York, New York 10017, United States of 
America, do hereby declare the invention for 
which we pray that a patent may be granted to 
us, and the method by which it is to be perform-
ed, to be particularly described in and by the 

10 following statement:— 
This invention relates to nuclear reactor fuel 

assemblies and to end fitting grid structures 
therefor. 

To produce useful power from a nuclear 
15 reactor, it is customary to load a suitable concen-

tration of fissionable uranium in a group of 
hollow rods. This group of loaded rods, 
frequently referred to as the reactor core, trans-
fers the heat that is generated through the 

20 fission processes in the uranium to water that is 
flowing through the core. 

The group of rods that form the reactor core 
ordinarily are arranged in units that are called 
fuel elements or fuel assemblies. This sub-
grouping of the fuel rods into fuel elements 
tends to enhance the structural integrity of the 
reactor core and simplify the tasks of initially 
loading the reactor core with fissionable fuel, 
rearranging partially used fuel within the core 

™ to obtain maximum fuel utilization, and 
removal of the fuel for inspection, repair and 
replacement, as necessary. 

In the reactor core, the fuel rods are exposed 
to a hostile environment that not only includes 
intense radiation, high temperature and fission 
product generation, but also includes the mech-
anical stresses and potential vibrations that are 
imposed by the water flowing through the core. 

... To stabilize the individual fuel rods within the 
respective fuel elements, expensive and elaborate 
end grid and end fitting structures have been 
devised to enable the fuel rods to be essentially 
clamped between the end fittings. The end 
grids are not entirely satisfactory because the 
contact between the fuel rod and the grid tends 

to produce a type of erosion in the fuel rod 
surface that is known as "fretting". Further in 
this respect, the end grid and end fitting struct-
ures that have characterized the prior art also 
tend to decrease the water pressure as it flows 50 
through the reactor core. 

To control the power generated within the 
reactor core, control rods are inserted into the 
core to regulate the intensity of the fission 
processes. Frequently, the control rods are 55 
received in tubes that guide the rods as they 
are moved into or out of the reactor core. In 
addition to guiding the motion of the control 
rods in the reactor core, these guide tubes often 
serve the additional function of joining the 60 
opposite end fittings together in order to clamp 
the fuel rods between the end fittings. To 
enable the guide tubes to carry out this function 
of clamping the fuel rods in their proper 
spatial relation, the ends of the guide tubes are 65 
fitted with special sleeves and nuts. This arrange-
ment not only is expensive, requiring a large 
number of specially produced and carefully 
machined parts, but also increases the time 
required for fabrication and assembly . 70 

According to a first aspect of the invention 
there is provided an end fitting grid structure 
for a nuclear reactor fuel assembly, the 
structure comprising a first plurality of generally 
parallel plates having transverse edges.and having 75 
slots formed therein that are generally perpen-
dicular to said respective transverse edges, 
recesses formed in said plates and communicat-
ing with said slots, said recesses being formed 
between said transverse edges and said slots, a 80 
second plurality of generally parallel plates 
perpendicular to and having slots formed therein 
to mesh with said first plurality of plates along 
lines of mutual intersection in order to form a 
generally cellular structure, said second plurality 
of plates having recesses formed therein and 
spaced from and in general alignment with the 
slots formed therein to combine with said 
recesses in the first plurality of plates to form Q n 
wells in the cellular array of plates at said 
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mutual intersection lines, a plurality of hollow 
sockets each received in a respective one of said 
wells, and detent means formed in each socket to 
protrude inwardly of the respective socket.-

According to the second aspect of the inven-
tion there is provided a nuclear reactor fuel 
assembly comprising a first cellular end fitting 
having recesses formed therein, a second cellular 
end fitting spaced from said first end fitting and 
also having recesses formed therein, the recesses 
of said first and second end fittings being orient-
ed toward each other, hollow sockets mounted 
in said recesses, a plurality of detents formed in 
each of said hollow sockets to protrude inwardly 
of the respective hollow socket, and at least one 
fuel rod interposed between said spaced end 
fittings with the ends of the fuel rod each being 
received in a respective one of said sockets, said 
fuel rod having an annular groove formed in each 
end thereof, each groove engaging one of said 
detents in the socket in which the associated end 
of the fuel rod is received in order to provide 
structural integrity for the fuel assembly. 

In a fuel assembly embodying the invention 
and described hereinbelow, the usual two end 
spacer grids that heretofore have characterised 
fuel assembly or element design are eliminated^ 
and, with the elimination of these grids, the 
cause of fretting erosion in the end portions of 
the fuel rods also is removed. Through the 
further elimination of elaborate cast end fittings, 
a source of hydraulic pressure loss is avoided and 
fuel element costs are reduced. 

If the fuel assembly embodying the invention 
must be removed from a reactor core, each 
individual fuel rod and socket detent combina-
tion need only support the weight of the respec-
tive fuel rod and the proportionate share of the 
weight of the opposite end fitting grid structure. 

An end fitting grid structure embodying the 
invention and described hereinbelow overcomes 
the need for load-bearing control rod guide tubes 
and the expensive special fittings that these tubes 
required in order to clamp the fuel rods between 
the opposing end fittings. 

The invention will now be further described, 
by way of example, with reference to the 
accompanying drawings in which: 

Figure 1 is a front elevation in full section of a 
portion of a fuel element end fitting grid struct-
ure that embodies the invention; and 

Figure 2 is a plan view of an end fitting grid 
structure that embodies the invention. 

As shown in Figure 1, an end fitting grid plate 
10 meshes with a parallel pair of end fitting grid 
plates 11,12, the grid plate 10 having a pair of 
parallel slots 13,14 that extend from a trans-
verse edge 15 of the plate 10 through about half 
the width of the plate. The slots 13,14, more-
over, are just slightly wider than the thicknesses 
of the respective grid plates 11,12 that are nest-
ed within these slots. Thus, as shown in Figure 1, 
the grid plates 11,12 are perpendicular to and 
mesh with the plate 10. 

The grid plates 11,12 have widths that are 

70 

essentially equal to the width of the plate 10. 
The plates 11,12 are also provided with mating 
slots, as shown by means of broken lines 16,17 
which illustrate the continuation of these plates 
in a direction that is perpendicular to the plate 
10 beyond the plane of Figure 1. 

Further in this respect, the meshed grid 
plates 10,11 and 10,12 each form mutual inter-
section lines 20,21 respectively. Further, recess-
es 22,23 are formed at the intersections of the 75 
grid plates 10,11 and 10,12, respectively, to 
extend below the transverse edge 15 of the 
grid plate 10. The widthwise edges of the recess-
es 22,23 are equidistantly spaced from the res-
pective mutual intersection lines 20,21 as 80 
indicated in the drawing. In this way, the recess-
es 22, 23 that are formed in the grid plates 10, 
11,12 all combine to form wells 28,29. 
• Hollow, generally cylindrical sockets 24,25 

are received in the respective recesses 22,23. The85-
outside diameters of the sockets 24,25 are 
sufficient to provide a snug fit in the respective 
recesses 22,23. With respect to the length of the 
sockets 24,25 however, in the illustrative embo-
diment of the invention shown in the drawing, 90 
the sockets protrude well above the transverse 
edge 15 of the grid plate 10, in the direction of 
the intersection lines 20,21, the extent of pro-
trusion above the edge 15 being slightly greater 
than the depths of the recesses 22,23 that 
receive the respective sockets 24,25. 

Two separate sets 26,27 of three detents 30, 
31, respectively, are pressed into the surface of 
the socket 24. As illustrated, the detents 30,31 
in the sets 26,27, respectively, are arranged in 
general parallel alignment with the mutual inter-
section line 20. The detents 30,31 moreover, 
protrude inwardly into the hollow centre of the 
socket 24. Similar sets of detents, of which only 
a detent set 32 is shown in Figure 1 of the 
drawing, also are formed in the socket 25. 

For illustrative purposes, an end portion of 
a long, slender and generally cylindrical fuel 
rod 33 is shown in its engaged position within 
the socket 25. The terminal portion of the fuel 
rod 33 has a substantially cylindrical plug 34 
with an outside diameter that is appreciably 
smaller than the general outside diameter of the 
main portion of the fuel rod 33. As shown, the 
plug 34 has a length that is slightly greater than 
the length of the cylindrical axis of the socket 
25. 

The extreme end portion of the plug 34 that 
is received within the socket 25 is provided 
with an annular groove 35 that matches in 
depth the radially inward extension of the indi-
vidual detents in the detent set 32. Thus, a 
detent 36 in the detent set 32, and a detent in 
a set in the socket 25 that is out of the plane 
of the drawing and that corresponds to the 
detent set 27 in the socket 24, each engage the 
groove 35. 

The combination of detents and the groove 
35 in the end portion of the fuel rod 33 is 
sufficient to keep the rod mounted in its res-
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pective socket 25. 
Although it is not shown in the drawing, an 

equivalent end fitting grid structure engages the 
opposite end of the fuel rod 33. 

5 The fuel rod 33 is one of a plurality of rods 
forming a fuel assembly. Each fuel rod in the 
fuel assembly is engaged at its extremities by 
means of individual sets of sockets in the manner 
described with respect to the socket 25 and the 

10 fuel rod 33. Consequently, each fuel rod (in a 
fuel assembly that might accommodate two 
hundred or more of these rods) need sustain 
only its own weight and the proportionate share 
of the weight of the associated grid structures 

15 that are used to enhance the structural integrity 
of the fuel assembly. Thus, the individual detent 
and groove construction described herein is 
sufficiently strong to permit the fuel assembly 
to be handled as a single unit during reactor 

20 core loading, spent fuel removal, and the like. 
In operation, an array of grid plates 37,40, 

41,42 as shown in Figure 2 are meshed together 
to form the rectangular end fitting cell structure 
that is shown in Figure 2. Through welding, 

25 brazing or other suitable means the meshed grid 
plates are secured together to form a cellular 
structure. Hollow annular sockets 43 ,44 ,45 ,46 
are seated in respective recesses formed at the 
mutual intersections of the grid plates 37,40,41. 

30 42 as illustrated in Figure 2, and are welded, 
brazed or otherwise secured to the grid structure. 

Fuel rod ends of the type shown in Figure 1 
are aligned each with one of the respective 
sockets 43 ,44 ,45 ,46 and pressed into the 

35 sockets with sufficient force and to a sufficient 
depth within the individual sockets to establish 
engagement between detents and grooves in 
the manner that is shown in Figure 1 with respect 
to the detent 36 and the groove 35. 

40 Grid structures that sustain the mid-portion 
of the fuel rods in the assembly are positioned on 
these rods. A typical structure of this character 
is described in more complete detail in 
F. S. Jabsen's United States Patent No. 

45 3,665,586 granted May 30,1972 for "Nuclear 
fuel rod supporting arrangements". 

The remaining unsecured ends of the array of 
fuel rods in the fuel assembly are pressed into 
another end fitting grid structure (not shown in 

50 the drawing). This final end fitting grid structure 
is, in its essential parts that relate to engaging 
the fuel rod ends, essentially as shown in 
Figures 1 and 2. Because the detent-groove 
combination in each fuel rod and associated 

55 pair of sockets need sustain only a small portion 
of the overall weight of the fuel assembly, this 
connection provides adequate strength for 
raising a complete fuel assembly from a trans-
portation container and positioning the 
assembly within a reactor core. The strength 
provided by these connections, moreover, is 
sufficient to preserve the structural integrity 
of the fuel assembly against earth tremors, 
hydraulic forces and the like, while permitting 
a used or partially used fuel assembly to be 
lifted out of the reactor core for inspection or 
replacement. 

Naturally, the detent and groove structure 
described herein also is suitable for application 
to control rod guide tubes and other fuel 
assembly structures with equal advantage. 

WHAT WE CLAIM IS:- 70 
1. An end fitting grid structure for a 

nuclear reactor fuel assembly, the structure com-
prising a first plurality of generally parallel 
plates having transverse edges and having slots 
formed therein that are generally perpendicular 75 
to said respective transverse edges, recesses 
formed in said plates and communicating with 
said slots, said recesses being formed between 
said transverse edges and said slots, a second 
plurality of generally parallel plates perpendicu- 80 
lar to and having slots formed therein to mesh 
with said first plurality of plates along lines of 
mutual intersection in order to form a generally 
cellular structure, said second plurality of 
plates having recesses formed therein and 85 
spaced from and in general alignment with the 
slots formed therein to combine with said 
recesses in the first plurality of plates to form 
wells in the cellular array of plates at said mutual 
intersection lines, a plurality of hollow sockets 90 
each received in a respective one of said wells, 
and detent means formed in each socket to pro-
trude inwardly of the respective socket. 

2. An end fitting grid structure according 
to claim 1, wherein said sockets protrude above 95 
said transverse edges. 

3. An end fitting grid structure according 
to claim 1 or claim 2, wherein said detent means 
comprises at least two sets each of three detents, 
said detents in each said set being aligned in a 100 
row that is generally parallel with the associated 
one of said mutual intersection lines. 

4. An end fitting grid structure for a 
nuclear reactor fuel assembly, the structure 
being substantially as herein described with 105 
reference to the accompanying drawing. 

5. A nuclear reactor fuel assembly includ-
ing an end fitting grid structure according to 
any one of the preceding claims. 

6. A nuclear reactor fuel assembly compris-10 
ing a first cellular end fitting having recesses 
formed therein, a second cellular end fitting 
spaced from said first end fitting and also having 
recesses formed therein, the recesses of said 
first and second end fittings being oriented „ 115 
toward each other, hollow sockets mounted in 
said recesses, a plurality of detents formed in 
each of said hollow sockets to protrude inwardly 
of the respective hollow socket, and at least one 
fuel rod interposed between said spaced end 120 
fittings with the ends of the fuel rod each being 
received in a respective one of said sockets, 
said fuel rod having an annular groove formed 
in each end thereof, each groove engaging one 
of said detents in the socket in which the 125 
associated end of the fuel rod is received in order 
to provide structural integrity for the fuel 
assembly. 
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