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(54) Fuel assembly and associated grid for nuclear reactor

(57) An improved grid 20 for use in a fuel assembly
of a nuclear reactor includes a plurality of straps 42, 46,
50, 54 that are interconnected with one another in a lat-
tice fashion to define a plurality of cells 58, with the
straps 42, 46, 50, 54 being configured to include a plu-
rality of relatively more compliant springs 98a and a plu-
rality of relatively less compliant dimples 102a, whereby
each cell includes only one pair of springs 98a and one
pair of dimples 102a disposed therein. The springs and

dimples 98a, 102a are contoured to engage a fuel rod
or a thimble tube disposed within the cell 58. Each spring
98a directly confronts one of the dimples 102a to provide
confronting pairs of features that engage the fuel rods
or thimble tubes, with each cell including two pairs of
confronting features. The ligaments of the springs 98a
and dimples 102a extend in a direction generally per-
pendicular to the direction of coolant flow through the
reactor in order to minimize pressure drop.
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates generally to nu-
clear reactors and, more particularly, to an improved grid
and resulting fuel assembly for a pressurized water nu-
clear reactor.

Description of the Related Art

[0002] In most pressurized water nuclear reactors,
the reactor core is comprised of a large number of elon-
gated fuel assemblies. These fuel assemblies typically
include a plurality of fuel rods held in an organized array
by a plurality of grids that are spaced axially along the
fuel assembly length and are attached to a plurality of
elongated thimble tubes of the fuel assembly. The thim-
ble tubes typically receive control rods or instrumenta-
tion therein. Top and bottom nozzles on opposite ends
of the fuel assembly are secured to the ends of the thim-
ble tubes that extend slightly above and below the ends
of the fuel rods.
[0003] The grids, as is known in the relevant art, are
used to precisely maintain the spacing between the fuel
rods in the reactor core, resist rod vibration, provide lat-
eral support for the fuel rods and, to some extent, verti-
cally restrain the rods against longitudinal movement.
One type of conventional grid design includes a plurality
of interleaved straps that together form an egg-crate
configuration having a plurality of roughly square cells
which individually accept the fuel rods therein. Depend-
ing upon the configuration of the thimble tubes, the thim-
ble tubes can either be received in cells that are sized
the same as those that receive the fuel rods therein, or
can be received in relatively larger thimble cells defined
in the interleaved straps.
[0004] The straps of previously known grids have
been configured such that the cells each include a pair
of relatively compliant springs and four or more relatively
rigid dimples, with the springs and dimples being formed
into the metal of the interleaved straps and protruding
outwardly therefrom. The springs and dimples of each
cell engage the respective fuel rod or thimble tube ex-
tending through the cell. Outer straps of the grid are at-
tached together and peripherally enclose the inner
straps of the grid to impart strength and rigidity to the
grid.
[0005] Depending upon the specific configuration of
the grid and the straps, the straps may each include one
or more mixing vanes formed thereon that facilitate mix-
ing of the water within the reactor and thus promote con-
vective heat exchange between the fuel rods and the
water. Since the reactor is designed such that the water
moves generally vertically upward through each fuel as-
sembly, the mixing vanes, while promoting mixing of the

water, nevertheless impart forces and torques to the grid
as a result of the water impinging on the vanes. Such
forces and torques on the grid can result in stresses and
vibrations being applied by the grid to the fuel rods.
[0006] It is also known in the relevant art that during
operation of the reactor the elevated temperatures,
pressures, and fluid velocities within the reactor tend to
cause vibrations between the grids and the fuel rods.
Since the grids support the fuel rods within the fuel cell,
such vibrations therebetween can result in fretting of the
fuel rods. Such fretting, if sufficiently severe, can result
in corruption of the fuel rod with resultant nuclear con-
tamination of the water within the reactor. It is thus de-
sired to provide an improved grid having springs and
dimples that are designed to minimize fretting wear be-
tween the grids and the fuel rods.
[0007] As is known in the relevant art, the straps of
such grids typically are made of known materials such
as Zircaloy or other such materials which are suited to
the nuclear environment within a nuclear reactor. It is
known, however, that Zircaloy tends to grow after pro-
longed periods of exposure to a nuclear environment,
and such growth is even greater in regions of the straps
that are work hardened due to metal forming operations.
Such growth hampers the dimensional stability of the
fuel assembly, and it is thus desired that any such im-
proved grid likewise promote and maintain the dimen-
sional stability of the fuel assembly. It is further desired
that such an improved grid have enhanced thermal-hy-
draulic performance and reduced fabrication costs.

SUMMARY OF THE INVENTION

[0008] In view of the foregoing, an improved grid for
use in a fuel assembly of a nuclear reactor includes a
plurality of straps that are interconnected with one an-
other in a lattice fashion to define a plurality of cells, with
the straps being configured to include a plurality of rel-
atively more compliant springs and a plurality of relative-
ly less compliant dimples, whereby each cell includes
only one pair of springs and one pair of dimples dis-
posed therein. The springs and dimples are contoured
to engage a fuel rod or a thimble tube disposed within
the cell. Each spring directly confronts one of the dim-
ples to provide confronting pairs of features that engage
the fuel rods or thimble tubes, with each cell including
two pairs of confronting features. The ligaments of the
springs and dimples extend in a direction generally per-
pendicular to the direction of coolant flow through the
reactor in order to minimize pressure drop.
[0009] Accordingly, an aspect of the present invention
is to provide an improved grid for a fuel assembly of a
nuclear reactor in which the grid is configured to reduce
fretting wear between the grid and the fuel rods.
[0010] Another aspect of the present invention is to
provide such a grid having springs and dimples that are
formed to include a contour that corresponds with the
fuel rods.
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[0011] Another aspect of the present invention is to
provide such a grid having springs and dimples that are
configured to reduce the pressure drop of coolant pass-
ing through the nuclear reactor.
[0012] Another aspect of the present invention is to
provide such a grid having straps that are formed to in-
clude a plurality of springs and dimples, with the springs
and dimples each being of substantially the same height
and width, whereby each spring directly confronts only
a single dimple to provide pairs of directly confronting
support features for supporting fuel rods within cells of
the grid.
[0013] Another aspect of the present invention is to
provide such a grid that provides improved thermal-hy-
draulic performance.
[0014] Another aspect of the present invention is to
provide such a grid that can be fabricated at a reduced
cost.
[0015] Another aspect of the present invention is to
provide such a grid that promotes dimensional stability
of a fuel assembly into which the grid is incorporated.
[0016] Another aspect of the present invention is to
provide an improved fuel assembly that incorporates an
improved grid incorporating one or more of the features
set forth above.
[0017] Accordingly, an aspect of the present invention
is to provide a grid for use in a fuel assembly of a nuclear
reactor, the grid being structured to carry a plurality of
cylindrical members including at least one of a fuel rod
and a thimble tube, each of the cylindrical members in-
cluding an outer surface, in which the general nature of
the grid can be stated as including a plurality of straps,
the straps being interconnected with one another in a
lattice fashion to define a plurality of cells, each strap
including a plurality of strap members, each strap mem-
ber defining a wall of at least one of the cells, each strap
member including a protruding spring and a protruding
dimple, the spring including a spring plate formed to in-
clude a spring contour, and the dimple including a dim-
ple plate formed to include a dimple contour, the spring
contour and the dimple contour each being structured
to substantially correspond with and engage at least a
portion of the outer surface of an associated cylindrical
member, and a pair of the springs and a pair of the dim-
ples extending into each of the cells, one of the pair of
the springs and one of the pair of the dimples directly
confronting one another, the other of the pair of the
springs and the other of the pair of the dimples directly
confronting one another.
[0018] Another aspect of the present invention is to
provide a grid for use in a fuel assembly of a nuclear
reactor, the grid being structured to carry a plurality of
cylindrical members including at least one of a fuel rod
and a thimble tube, each of the cylindrical members in-
cluding an outer surface, in which the general nature of
the grid can be stated as including a plurality of straps,
the straps being interconnected with one another in a
lattice fashion to define a plurality of cells, each strap

including a strap axis and a plurality of strap members,
the strap axes together lying generally within an imagi-
nary grid plane, each strap member including a frame,
a spring, and a dimple, the spring and the dimple pro-
truding from the frame, the spring including a spring
plate and a pair of spring ligaments, and the dimple in-
cluding a dimple plate and a pair of dimple ligaments,
the spring being structured to engage at least a portion
of the outer surface of an associated cylindrical member,
the dimple being structured to engage at least a portion
of the outer surface of an associated cylindrical member,
each spring ligament including a spring ligament axis
extending between the frame and the spring plate, and
each dimple ligament including a dimple ligament axis
extending between the frame and the dimple plate, the
spring ligament axes and the dimple ligament axes all
being oriented generally parallel with the grid plane, and
a pair of the springs and a pair of the dimples extending
into each of the cells, one of the pair of the springs and
one of the pair of the dimples directly confronting one
another, the other of the pair of the springs and the other
of the pair of the dimples directly confronting one anoth-
er.
[0019] Another aspect of the present invention is to
provide a fuel assembly for use in a nuclear reactor, the
general nature of which can be stated as including a plu-
rality of cylindrical members including at least one of a
fuel rod and a thimble tube, and at least a first grid, the
at least first grid including a plurality of straps intercon-
nected with one another in a lattice fashion to define a
plurality of cells, the cylindrical members being disposed
in the cells, each strap including a plurality of strap mem-
bers, each strap member including a protruding spring
and a protruding dimple, the spring including a spring
plate and a pair of spring ligaments, and the dimple in-
cluding a dimple plate and a pair of dimple ligaments,
the spring ligaments and the dimple ligaments all ex-
tending in a direction generally transverse to the longi-
tudinal extent of the cylindrical members, and wherein
a pair of the springs and a pair of the dimples extend
into each of the cells, one of the pair of the springs and
one of the pair of the dimples directly confronting one
another, the other of the pair of the springs and the other
of the pair of the dimples directly confronting one anoth-
er.
[0020] Another aspect of the present invention is to
provide a grid for use in a fuel assembly of a nuclear
reactor, the grid being structured to carry a plurality of
cylindrical members including at least one of a fuel rod
and a thimble tube, in which the general nature of the
grid can be stated as including a plurality of straps, the
straps being interconnected with one another in a lattice
fashion to define a plurality of cells, each strap including
an upstream edge, each strap including a downstream
edge, the upstream edge and the downstream edge be-
ing disposed generally opposite one another, each strap
including a plurality of strap members, each strap mem-
ber defining a wall of at least one of the cells, each strap
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member including a protruding spring, each strap mem-
ber including a protruding dimple, the spring and the
dimple being disposed at alternate sides of at least a
portion of a single groove formed in the associated strap
member, the groove being disposed generally midway
between the upstream and downstream edges.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] A further understanding of the invention can be
gained from the following description of the preferred
embodiments when read in conjunction with the accom-
panying drawings in which:

Fig. 1 is a schematic elevational view of a nuclear
reactor including a schematically depicted and fore-
shortened fuel assembly, partially in section, in ac-
cordance with the present invention;
Fig. 2 is a top plan view of a grid in accordance with
the present invention;
Fig. 3 is a front elevational view of a portion of the
grid;
Fig. 4 is a front elevational view of another portion
of the grid;
Fig. 5 is a front elevational view of another portion
of the grid;
Fig. 6 is a front elevational view of another portion
of the grid;
Fig. 7 is an enlarged view of a portion of Fig. 2;
Fig. 8 is an enlarged view of a portion of Fig. 7 and
additionally depicts a cylindrical member in phan-
tom lines;
Fig. 9 is a sectional view as taken along line 9-9 of
Fig. 8; and
Fig. 10 is a sectional view as taken along line 10-10
of Fig. 8.

[0022] Similar numerals refer to similar parts through-
out the specification.

DESCRIPTION OF THE PREFERRED EMBODIMENT

[0023] An exemplary fuel assembly 10 mounted in a
schematically depicted nuclear reactor 4 is depicted
generally in Fig. 1. The fuel assembly 10 includes a bot-
tom nozzle 12 that supports the fuel assembly 10 on a
lower core support plate 14 in the core region of the nu-
clear reactor 4. The nuclear reactor 4 is a pressurized
water reactor that includes a plurality of the fuel assem-
blies 10 disposed on the core support plate 14. In addi-
tion to the bottom nozzle 12, the structural skeleton of
the fuel assembly 10 also includes a top nozzle 16 at its
upper end and a number of elongated guide tubes or
thimble tubes 18 which extend longitudinally between
the bottom and top nozzles 12 and 16 and at opposite
ends are connected therewith.
[0024] The fuel assembly 10 further includes a plural-
ity of transverse grids 20 axially spaced along and

mounted to the thimble tubes 18 and an organized array
of elongated fuel rods 22 transversely spaced and sup-
ported by the grids 20. Also, the exemplary fuel assem-
bly 10 depicted in Fig. 1 includes an instrumentation
tube 24 located in the center thereof that extends be-
tween the bottom and top nozzles 12 and 16. With such
an arrangement of parts, the fuel assembly 10 forms an
integral unit capable of being conveniently handled with-
out damaging the assembly parts.
[0025] As mentioned above, the fuel rods 22 in the
array thereof in the fuel assembly 10 are held in spaced
relationship with one another by the grids 20 spaced
along the length of the fuel assembly 10. Each fuel rod
22 includes a plurality of nuclear fuel pellets and is
closed at its opposite ends by upper and lower end plugs
28 and 30. The fuel pellets are composed of fissile ma-
terial and are responsible for creating the reactive power
of the nuclear reactor 4.
[0026] A liquid moderator/coolant such as water, or
water containing boron, is pumped upwardly through a
plurality of flow openings in the lower core plate 14 to
the fuel assembly 10. The bottom nozzle 12 of the fuel
assembly 10 passes the coolant flow upwardly through
the thimble tubes 18 and along the fuel rods 22 of the
assembly in order to extract heat generated therein for
the production of useful work.
[0027] To control the fission process, a number of con-
trol rods 34 are reciprocally movable in the thimble tubes
18 located at predetermined positions in the fuel assem-
bly 10. Specifically, a rod cluster control mechanism 36
positioned above the top nozzle 16 supports the control
rods 34. The control mechanism 36 has an internally
threaded cylindrical member 37 with a plurality of radi-
ally extending arms 38. Each arm 38 is interconnected
to a control rod 34 such that the control mechanism 36
is operable to move the control rods 34 vertically in the
thimble tubes 18 to thereby control the fission process
in the fuel assembly 10, all in a well-known manner.
[0028] One of the improved grids 20 of the present
invention is more particularly depicted in Fig. 2. The grid
20 includes a plurality of first straps 42 (Fig. 3), a plurality
of second straps 46 (Fig. 4), a plurality of third straps 50
(Fig. 5), and a plurality of fourth straps 54 (Fig. 6). The
first, second, third, and fourth straps 42, 46, 50, and 54
are interleaved with one another in a lattice configura-
tion to define a plurality of roughly square cells 58. Each
of the cells 58 is configured to receive therein one of the
fuel rods 22 or one of the thimble tubes 18, it being un-
derstood that the fuel rods 22 and the thimble tubes 18
are elongated cylindrical members of a generally known
configuration.
[0029] As is best shown in Fig. 3, the first straps 42
are each elongated sheets of a material such as Zircaloy
or other appropriate material that is suited to a nuclear
environment. The first straps 42 each include an up-
stream edge 62a and a downstream edge 66a opposite
one another. The upstream edge 62a is depicted in Fig.
3 as being at the bottom of the first strap 42, and the
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downstream edge 66a is depicted as being at the top of
the first strap 42. Since the nuclear reactor 4 is a pres-
surized water reactor, and the coolant in such a reactor
4 flows vertically upward, it can be seen that any coolant
flowing vertically upward past the first straps 42 first
passes the upstream edge 62a before passing the
downstream edge 66a. Accordingly, Fig. 3 generally de-
picts in an elevational view the first strap 42 as it will
appear when employed in the grid 20 installed in the fuel
assembly 10 of the reactor 4.
[0030] Although they will be described in greater de-
tail below, it can be seen from Figs. 3 and 6 that the first
straps 42 are depicted as being substantially identical
to the fourth straps 54, except being vertical mirror im-
ages of one another. The same can be said of the sec-
ond and third straps 46 and 50 (Figs. 4 and 5.) It is un-
derstood, however, that the first, second, third, and
fourth straps 42, 46, 50, and 54 likely will be configured
to include mixing vanes or other such structures (not
shown) extending from the downstream edges 66 there-
of. As such, the first, second, third, and fourth straps 42,
46, 50 and 54 likely will be of four different designs al-
though this is not specifically depicted in Figs. 3-6.
[0031] It can be seen from Fig. 3 that the first straps
42 include a plurality of welding tabs 70a spaced from
one another and extending along both of the upstream
and downstream edges 62a and 66a. Moreover, the first
straps 42 are formed with a plurality of parallel and
spaced apart slots 74a that are oriented transverse to
the longitudinal extent of the first straps 42. It can be
seen that the slots 74a extend through the welding tabs
70a at the upstream edge 62a and extend thereafter
through the first strap 42 to a point between the up-
stream and downstream edges 62a and 66a. Fig. 3 ad-
ditionally depicts an imaginary line 82a extending be-
tween the terminus of each slot 72a and the downstream
edge 66a.
[0032] The slots 74a, along with their associated lines
82a, define a plurality of strap members 78a on the first
straps 42. Each strap member 78a is defined as the ma-
terial disposed between a pair of adjacent slots 74a and
their associated lines 82a and extend between the up-
stream and downstream edges 62a and 66a.
[0033] It can be seen that each strap member 78a is
formed with a first spring groove 86a, a second spring
groove 90a, and a dimple groove 94a. It can be seen
that the first and second spring grooves 86a and 90a
are generally U-shaped in configuration, while the dim-
ple groove 94a is substantially straight. It can further be
seen that the first and second spring grooves 86a and
90a and the dimple groove 94a are all disposed in their
entireties between a pair of the slots 74a.
[0034] It thus can be understood that each strap mem-
ber 78a includes a spring 98a, a dimple 102a, and a
frame 106a. The spring 98a is defined between the first
and second spring grooves 86a and 90a, and the dimple
102a is defined between the second spring groove 90a
and the dimple groove 94a. It can be seen that the spring

98a and the dimple 102a both extend from the frame
106a. The frame 106a is defined as including a slotted
portion 110a and an unslotted portion 114a, with the slot-
ted portion 110a extending between the dimple groove
94a and the upstream edge 62a between the slots 74a,
and the unslotted portion 114a being disposed adjacent
the downstream edge 66a and opposite the slotted por-
tion 110a. The frame 106a additionally includes the por-
tions of the strap member 78a extending between each
slot 74a and the ends of the first and second spring
grooves 86a and 90a and the dimple groove 94a on op-
posites sides of the strap member 78a.
[0035] Each first strap 42 additionally includes a strap
axis 118a extending longitudinally thereon and being
disposed generally along the portion of the second
spring groove 90a that is parallel with the dimple groove
94a. It thus can be seen that the spring 98a and the dim-
ple 102a are disposed on opposite sides of the strap
axis 118a. Accordingly, when the first straps 42 are in-
corporated into the grid 20, and the grid 20 is incorpo-
rated into the fuel assembly 10 which is installed in the
nuclear reactor 4, the springs 98a will be disposed ver-
tically above the dimples 102a. As will be set forth more
fully below, the spring 98a and the dimple 102a are
formed to protrude outwardly in opposite directions from
the frame 106a.
[0036] The spring 98a and the dimple 102a are dis-
posed on alternate sides of the second spring groove
90a. It can also be seen that the second spring groove
90a is disposed generally midway between the up-
stream and downstream edges 62a and 66a. Since the
spring 98a and the dimple 102a can be said to share the
second spring groove 90a, the first strap 42 can be
formed to have a relatively small height, i.e., transverse
distance with respect to the strap axis 118a, which re-
sults in a savings of material and reduced pressure drop
during operation of the reactor 4.
[0037] As can be seen from Fig. 4, the second straps
46 share many similarities with the first straps 42, but
nevertheless include some differences. It can be seen
that the second straps 46 include a pair of opposite up-
stream and downstream edges 62b and 66b, as well as
a plurality of welding tabs 70b extending from both the
upstream and downstream edges 62b and 66b. The
slots 74b extend from the upstream edge 62b to define
a plurality of strap members 78b. It can be seen that the
slots 74b terminate approximately adjacent the dimple
grooves 94b, with the first and second spring grooves
86b and 90b being disposed between the dimple groove
94b and the upstream edge 62b. The spring 98b is de-
fined between the first and second spring grooves 86b
and 90b, and the dimple 102b is defined between the
second spring groove 90b and the dimple groove 94b,
it being understood that the spring and dimple 98b and
102b extend from the frame 106b.
[0038] The second straps 46 additionally each include
a strap axis 118b extending through the portion of the
second spring groove 90b that is parallel with the dimple
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groove 94b. In the case of the second straps 46, how-
ever, the dimples 102b are disposed vertically above the
springs 98b, and the dimples 102b and the springs 98b
will share such relative orientation when the second
straps 46 are installed into the grid 20 which is disposed
within the reactor 4.
[0039] As can be seen from Fig. 5, the third straps 50
share many similarities with the first straps 42, but nev-
ertheless include some differences. It can be seen that
the third straps 50 include a pair of opposite upstream
and downstream edges 62c and 66c, as well as a plu-
rality of welding tabs 70c extending from both the up-
stream and downstream edges 62c and 66c. The slots
74c extend from the downstream edge 66c to define a
plurality of strap members 78c. It can be seen that the
slots 74c terminate approximately adjacent the dimple
grooves 94c, with the first and second spring grooves
86c and 90c being disposed between the dimple groove
94c and the downstream edge 66c. The spring 98c is
defined between the first and second spring grooves
86c and 90c, and the dimple 102c is defined between
the second spring groove 90c and the dimple groove
94c, it being understood that the spring and dimple 98c
and 102c extend from the frame 106c.
[0040] The third straps 50 additionally each include a
strap axis 118c extending through the portion of the sec-
ond spring groove 90c that is parallel with the dimple
groove 94c. In the case of the third straps 50, the dim-
ples 102c are disposed vertically below the springs 98c.
[0041] As can be seen from Fig. 6, the fourth straps
54 share many similarities with the first straps 42, but
nevertheless include some differences. It can be seen
that the fourth straps 54 include a pair of opposite up-
stream and downstream edges 62d and 66d, as well as
a plurality of welding tabs 70d extending from both the
upstream and downstream edges 62d and 66d. The
slots 74d extend from the downstream edge 66d to de-
fine a plurality of strap members 78d. It can be seen that
the slots 74d terminate approximately adjacent the first
spring grooves 86d, with the first and second spring
grooves 86d and 90d being disposed between the dim-
ple groove 94d and the upstream edge 62d. The spring
98d is defined between the first and second spring
grooves 86d and 90d, and the dimple 102d is defined
between the second spring groove 90d and the dimple
groove 94d, it being understood that the spring and dim-
ple 98d and 102d extend from the frame 106d.
[0042] The fourth straps 54 additionally each include
a strap axis 118d extending through the portion of the
second spring groove 90d that is parallel with the dimple
groove 94d. In the case of the fourth straps 54, the dim-
ples 102d are disposed vertically above the springs 98d.
[0043] As is best understood from Fig. 7, the first and
second straps 42 and 46 are oriented parallel with one
another and alternate with one another on the grid 20.
Similarly, the third and fourth straps 50 and 54 are ori-
ented parallel with one another and alternate with one
another on the grid 20. Additionally, the first and second

straps 42 and 46 are oriented substantially perpendicu-
lar to the third and fourth straps 50 and 54. It can be
understood that with the first, second, third, and fourth
straps 42, 46, 50, and 54 arranged as such, the strap
axes 118 together define an imaginary grid plane 182
(Figs. 9 and 10) that extends through the indicated por-
tions of the second spring grooves 90 and is oriented
generally parallel with the plane of the page of Fig. 2. It
is to be understood from the foregoing passage that the
terminology "strap axes 118" refers collectively to the
strap axes 118a, 118b, 118c, and 118d, and that the ter-
minology "second spring grooves 90" refers collectively
to the second spring grooves 90a, 90b, 90c, and 90d,
and similar collective language is used elsewhere here-
in.
[0044] As can best be seen in Figs. 9 and 10, the
springs 98 and the dimples 102 protrude from the
frames 106 in opposite directions therefrom. In the ex-
emplary first strap 42 of Fig. 3, all of the springs 98a
thereof protrude in the same direction, and all of the dim-
ples 102a thereof protrude in the same opposite direc-
tion. It is understood that in other configurations (not
shown) of the grid 20, the springs 98a of different strap
members 78a may protrude in opposite directions from
the frames 106a, it being understood, however, that as
a general rule the dimple 102a of any particular strap
member 78a will protrude in an opposite direction from
the respective spring 98a.
[0045] As is best understood from Figs. 7 and 8, each
spring 98 is formed to include a spring plate 122 and a
pair of spring ligaments 126. The spring plate 122 is
formed to include an arcuate spring contour 130 that is
shaped to correspond with and engage an outer surface
of one of the cylindrical members, i.e., either one of the
thimble tubes 18 or one of the fuel rods 22.
[0046] The spring ligaments 126 extend from oppo-
site sides of the spring plate 122 to the frame 106. Each
spring ligament 126 includes a spring ligament axis 132
(Fig. 3) extending longitudinally thereon, and it can be
seen that the spring ligament axes 132 are oriented gen-
erally parallel with the grid plane 182.
[0047] The dimples 102 are similarly configured in
that they include a dimple plate 134 and a pair of dimple
ligaments 138, with the dimple plate being formed to in-
clude an arcuate dimple contour 142, and with the dim-
ple ligaments 138 extending from opposite sides of the
dimple plate 134 to the frame 106. The dimple contour
142 is generally arcuate and is configured to correspond
with and engage one of the cylindrical members, i.e.,
either one of the thimble tubes 18 or one of the fuel rods
22. Each dimple ligament 138 includes a dimple liga-
ment axis 144 (Fig. 3) extending longitudinally thereon,
and it can be seen that the dimple ligament axes 144
are oriented generally parallel with the grid plane 182
and with the spring ligament axis 132.
[0048] The engagement of the spring contours 130
and the dimple contours 142 with the cylindrical mem-
bers may subtend an arc in the range of about 15 de-
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grees to 25 degrees along the cylindrical member.
[0049] As can be understood from Fig. 8, each of the
cells 58 is generally defined by four interconnected strap
members 78. More particularly, two of the springs 98
and two of the dimples 102 protrude into each cell 58.
One of the springs 98 and one of the dimples 102 coop-
erate together as a pair of directly confronting support
features to support the cylindrical member in a given di-
rection. As used herein, the expressions "directly con-
fronting," "confronting," and variations thereof shall refer
to a condition in which structures operate or exist in op-
posite directions, and either are at substantially the
same elevation or have substantially the same sphere
of influence with respect to a reference or are in some
other fashion both comparable and opposed.
[0050] Accordingly, it can be seen from Fig. 9 that the
indicated spring 98 and dimple 102 that are engaged
with the cylindrical member 178 are disposed at the
same longitudinal position along the cylindrical member
178 and are disposed on opposite sides of the cylindrical
member 178 at the same vertical position, i.e., height,
with respect to the grid plane 182. The aforementioned
spring 98 and dimple 102 thus together provide a pair
of confronting support features that support the cylindri-
cal member 178 in a plane that is generally parallel with
the plane of the page of Fig. 9.
[0051] The same can be said of the spring 98 and the
dimple 102 of Fig. 10. It can be seen, however, that the
spring 98 and the dimple 102 of Fig. 10 are disposed
below the grid plane 182 defined by the strap axes 118,
whereas the spring 98 and dimple 102 depicted in Fig.
9 are disposed vertically above the grid plane 182. De-
pending upon the configuration of the specific grid 20,
however, the two pairs of support features within any
given cell 58 may all be disposed above or below the
grid plane without departing from the concept of the
present invention.
[0052] The springs 98 and the dimples 102 are both
compliant, whereby the cylindrical member 178 is inter-
posed between each pair of support features for reten-
tion in a given plane. It is understood, however, that the
springs 98 are more compliant than the dimples 102. In
this regard, it can be seen from Figs. 3-6 that the gen-
erally U-shaped first and second spring grooves 86 and
90 result in the spring ligaments 126 being relatively
smaller than the dimple ligaments 138. Specifically, it
can be seen in Fig. 3 that the spring ligaments 126 each
extend between the facing terminal ends 86' and 90' of
the first and second spring grooves 86 and 90, whereas
the dimple ligaments 138 extend fully between the dim-
ple groove 94 and the parallel portion 90" of the second
spring groove 90. Since the spring ligaments 126 are
relatively smaller than the dimple ligaments 138 and fur-
ther have a relatively smaller area of contact with the
frame 106, the springs 98 are more compliant than the
dimples 102.
[0053] It can be seen that the slots 74 are disposed
adjacent the spring ligaments 126 and the dimple liga-

ments 138 and extend substantially along the entire
lengths of the spring ligaments 126 and the dimple lig-
aments 138. The slots 74, by being disposed adjacent
the spring ligaments 126 and the dimple ligaments 138
in substantially their entireties, enhance the compliance
of the springs 98 and dimples 102, which resultingly en-
hances the flexibility with which the springs 98 and dim-
ples 102 can be configured to engage the cylindrical
members 178. While it is understood that the slots 74a
and 74b of the first and second straps 42 and 46 are
engaged in the slots 74c and 74d of the third and fourth
straps 50 and 54 in assembling the grid 20, and that the
corresponding welding tabs 70 are then welded to one
another and fixed in place, the slots 74 are deeper than
needed for such engagement for the purpose of provid-
ing additional compliance.
[0054] The slots 74 additionally are wider than the
thickness of the first, second, third, and fourth straps 42,
46, 50, and 54 in order to accommodate some of the
growth thereof that normally occurs in a nuclear envi-
ronment. The relatively wider configuration of the slots
74 therefore contributes to the dimensional stability of
the grid 20 in use since growth of components of the
grid 20 can, to a certain degree, be absorbed by the rel-
atively wide slots 74.
[0055] As can be seen in Figs. 9 and 10, the spring
plates 122 are all of a spring height indicated by the line
162, and dimple plates 134 are all of a dimple height
indicated by the line 166. It can be seen that the spring
height 162 is substantially equal to the dimple height
166. Similarly, as can be seen from Fig. 8, the spring
plates 122 are of a spring contact length indicated by
the spring contour 130, and the dimple plates 134 are
of a dimple contact length indicated by the dimple con-
tour 142. The spring contact length and the dimple con-
tact length are substantially equal. Such identity be-
tween the spring contact length and the dimple contact
length come at least in part from the widths of the spring
plates 122 and the dimple plates 134 which are substan-
tially equal in the depicted embodiment.
[0056] As such, the springs 98 and dimples 102 have
substantially the same area of surface contact with the
cylindrical members 178, and such surface area of con-
tact is relatively large when compared with previously
known grid designs. Moreover, the relatively large
spring height 162 and dimple height 166 resists the cy-
lindrical member from vibrating during operation of the
reactor 4.
[0057] It can be understood that the coolant flowing
through the reactor 4 and into contact with the fuel rods
22 flows generally in a direction parallel with the fuel
rods 22. It can be understood from Fig. 8 that the spring
ligaments 126 extend from the spring plate 122 to the
frame 106 in a direction that is substantially perpendic-
ular to the flow of coolant through the reactor 4. Similarly,
the dimple ligaments 138 each extend from the dimple
plate 134 to the frame 106 in a direction substantially
perpendicular to the flow of coolant through the reactor
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4. As such, the spring ligaments 126 and the dimple lig-
aments 138 do not interfere with the flow of coolant
through the reactor 4 generally other than providing a
spring leading edge 146 (Figs. 9 and 10) and dimple
leading edge 150 which at most only causes a nominal
pressure drop. Indeed, it can be seen from Fig. 8 that
the spring 98 is configured to provide a spring flow chan-
nel 154 between the spring 98 and the frame 106. Sim-
ilarly, the dimples 102 are configured to provide a dimple
flow channel 158 between the dimple 102 and the frame
106. In this regard, it can be seen that the spring liga-
ments 126 and the dimple ligaments 138 each extend
in a direction generally parallel with the grid plane 182
and thus result in a substantially reduced pressure drop
than would be the case if the spring ligaments 126 and
dimple ligaments 138 extended in a direction generally
perpendicular or oblique to the grid plane 182. Such re-
duced pressure drop results in correspondingly en-
hanced thermal-hydraulic performance for the reactor 4.
[0058] It can be understood that by configuring each
strap member 78 to include only a single spring 98 and
only a single dimple 102, the support features of each
strap member 78 resultingly provide substantially only
a single spring leading edge 146 and a single dimple
leading edge 150 to cause a pressure drop within the
reactor 4. Moreover, by providing only a single dimple
102 for each strap member 78, there is no need to test
for coplanarity of pairs of dimples within each strap
member, as is needed with previously known strap
members that provide pairs of cooperative dimples,
since each strap member 78 of the present invention
includes only a single dimple 102. Such reduced effort
correspondingly reduces the cost of the grid 20. Addi-
tionally, since the spring 98 and the dimple 102 of any
given strap member 78 are disposed vertically adjacent
one another, and advantageously do not include any
portion of the frame 106 therebetween, the first, second,
third, and fourth straps 42, 46, 50, and 54 can be con-
figured to be relatively narrower than previously known
straps of previously known grids, and such reduced ma-
terial usage further results in the grid 20 being less costly
to manufacture.
[0059] By configuring the spring plate 122 to include
the spring contour 130 and by configuring the dimple
plate 134 to include the dimple contour 142, the springs
98 and the dimples 102 can be engaged with the fuel
rods 20 along a relatively large surface area. As is un-
derstood in the relevant art, since the springs 98 and
dimples 102 engage the fuel rods 22, stress therebe-
tween may result in the fretting away of the material of
the cladding of the fuel rods 22 until a sufficient area of
contact exists between the fuel rods 22 and the springs
98 and dimples 102 that no further fretting occurs. By
configuring the springs 98 and the dimples 102 to in-
clude the spring contours 130 and the dimple contours
142, any such fretting is arrested relatively quickly since
the springs 98 and the dimples 102 are already config-
ured to substantially conform with and correspond with

the outer surface of the fuel rods 22. The conformal na-
ture of the springs 98 and the dimples 102 thus reduces
the degree of fretting of the fuel rods 22 which corre-
spondingly reduces the effects of flow-induced vibration
on the fuel rods 22.
[0060] It thus can be seen that the improved grid 20
of the present invention has improved thermal-hydraulic
performance, promotes dimensional stability of the fuel
assembly 10, results in reduced fretting of the fuel rods
22, and can be fabricated at a relatively lower cost when
compared with previously known grids. It is correspond-
ingly understood that the fuel assembly 10 into which
the grid 20 is incorporated possesses similar features
and thus achieves similar benefits.
[0061] While specific embodiments of the invention
have been described in detail, it will be appreciated by
those skilled in the art that various modifications and al-
ternatives to those details could be developed in light of
the overall teachings of the disclosure. Accordingly, the
particular arrangements disclosed are meant to be illus-
trative only and not limiting as to the scope of the inven-
tion which is to be given the full breadth of the claims
appended and any and all equivalents thereof.

Claims

1. A grid for use in a fuel assembly of a nuclear reactor,
the grid being structured to carry a plurality of cylin-
drical members including at least one of a fuel rod
and a thimble tube, each of the cylindrical members
including an outer surface, the grid comprising:

a plurality of straps;
the straps being interconnected with one anoth-
er in a lattice fashion to define a plurality of
cells;
each strap including a plurality of strap mem-
bers;
each strap member defining a wall of at least
one of the cells;
each strap member including a protruding
spring and a protruding dimple;
the spring including a spring plate formed to in-
clude a spring contour;
the dimple including a dimple plate formed to
include a dimple contour;
the spring contour and the dimple contour each
being structured to substantially correspond
with and engage at least a portion of the outer
surface of an associated cylindrical member;
and

a pair of the springs and a pair of the dimples
extending into each of the cells;

one of the pair of the springs and one of the
pair of the dimples directly confronting one another;

the other of the pair of the springs and the oth-
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er of the pair of the dimples directly confronting one
another.

2. The grid as set forth in Claim 1,
in which the one of the pair of the springs and

the one of the pair of the dimples are both of sub-
stantially the same height and width.

3. The grid as set forth in Claim 1,
in which each spring includes a pair of spring

ligaments;
in which each dimple includes a pair of dimple

ligaments; and
in which the spring ligaments are generally

more compliant than the dimple ligaments.

4. The grid as set forth in Claim 3,
in which the spring ligaments are smaller than

the dimple ligaments.

5. The grid as set forth in Claim 3,
in which each strap is formed with a plurality

of slots;
the slots generally defining the strap mem-

bers; and
in which the slots extend adjacent the spring

ligaments and the dimple ligaments along substan-
tially the entire lengths of the spring ligaments and
the dimple ligaments.

6. The grid as set forth in Claim 1,
in which each strap member includes a frame;
the spring and dimple protruding from the

frame; and
in which each strap includes a strap axis;
the strap axes of substantially all of the straps

lying generally within an imaginary grid plane;
in which each spring ligament includes a

spring ligament axis extending between the frame
and the spring plate; and

in which each dimple ligament includes a dim-
ple ligament axis extending between the frame and
the dimple plate;

the spring ligament axes and the dimple liga-
ment axes all being oriented generally parallel with
the grid plane.

7. The grid as set forth in Claim 1,
in which each strap includes a strap axis;
the strap axes together lying generally within

an imaginary grid plane;
in which the plurality of straps includes a plu-

rality of first straps, a plurality of second straps, a
plurality of third straps, and a plurality of fourth
straps;

the first straps and the second straps being
oriented substantially parallel with one another and
being disposed alternately with one another on the

grid;
the third straps and the fourth straps being ori-

ented substantially parallel with one another and
being disposed alternately with one another on the
grid;

the first straps and the second straps being
disposed substantially perpendicular to the third
straps and the fourth straps;

in which the springs of the first straps and the
third straps are disposed above the grid plane;

in which the springs of the second straps and
the fourth straps are disposed below the grid plane;

in which the dimples of the first straps and the
third straps are disposed below the grid plane; and

in which the dimples of the second straps and
the fourth straps are disposed above the grid plane.

8. A grid for use in a fuel assembly of a nuclear reactor,
the grid being structured to carry a plurality of cylin-
drical members including at least one of a fuel rod
and a thimble tube, each of the cylindrical members
including an outer surface, the grid comprising:

a plurality of straps;
the straps being interconnected with one anoth-
er in a lattice fashion to define a plurality of
cells;
each strap including a strap axis and a plurality
of strap members;
the strap axes together lying generally within
an imaginary grid plane;
each strap member including a frame, a spring,
and a dimple;
the spring and the dimple protruding from the
frame;
the spring including a spring plate and a pair of
spring ligaments;
the dimple including a dimple plate and a pair
of dimple ligaments;
the spring being structured to engage at least
a portion of the outer surface of an associated
cylindrical member;
the dimple being structured to engage at least
a portion of the outer surface of an associated
cylindrical member;
each spring ligament including a spring liga-
ment axis extending between the frame and the
spring plate;
each dimple ligament including a dimple liga-
ment axis extending between the frame and the
dimple plate;
the spring ligament axes and the dimple liga-
ment axes all being oriented generally parallel
with the grid plane; and

a pair of the springs and a pair of the dimples
extending into each of the cells;

one of the pair of the springs and one of the
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pair of the dimples directly confronting one another;
the other of the pair of the springs and the oth-

er of the pair of the dimples directly confronting one
another.

9. The grid as set forth in Claim 8,
in which the one of the pair of the springs and

the one of the pair of the dimples are both of sub-
stantially the same height and width.

10. The grid as set forth in Claim 8,
in which the spring ligaments are generally

more compliant than the dimple ligaments.

11. The grid as set forth in Claim 10,
in which the spring ligaments are smaller than

the dimple ligaments.

12. The grid as set forth in Claim 8,
in which each spring plate is formed to include

a spring contour; and
in which each dimple plate is formed to in-

clude a dimple contour;
the spring contours and the dimple contours

being structured to substantially correspond with
and engage the outer surface of one of the cylindri-
cal members.

13. The grid as set forth in Claim 8,
in which each strap is formed with a plurality

of slots;
the slots generally defining the strap mem-

bers; and
in which the slots extend adjacent the spring

ligaments and the dimple ligaments along substan-
tially the entire lengths of the spring ligaments and
the dimple ligaments.

14. The grid as set forth in Claim 8,
in which the plurality of straps includes a plu-

rality of first straps, a plurality of second straps, a
plurality of third straps, and a plurality of fourth
straps;

the first straps and the second straps being
oriented substantially parallel with one another and
being disposed alternately with one another on the
grid;

the third straps and the fourth straps being ori-
ented substantially parallel with one another and
being disposed alternately with one another on the
grid;

the first straps and the second straps being
disposed substantially perpendicular to the third
straps and the fourth straps;

in which the springs of the first straps and the
third straps are disposed above the grid plane;

in which the springs of the second straps and
the fourth straps are disposed below the grid plane;

in which the dimples of the first straps and the
third straps are disposed below the grid plane; and

in which the dimples of the second straps and
the fourth straps are disposed above the grid plane.

15. A fuel assembly for use in a nuclear reactor, the fuel
assembly comprising:

a plurality of cylindrical members including at
least one of a fuel rod and a thimble tube; and
at least a first grid;
the at least first grid including a plurality of
straps interconnected with one another in a lat-
tice fashion to define a plurality of cells;
the cylindrical members being disposed in the
cells;
each strap including a plurality of strap mem-
bers;
each strap member including a protruding
spring and a protruding dimple;
the spring including a spring plate and a pair of
spring ligaments;
the dimple including a dimple plate and a pair
of dimple ligaments;
the spring ligaments and the dimple ligaments
all extending in a direction generally transverse
to the longitudinal extent of the cylindrical mem-
bers; and

wherein a pair of the springs and a pair of the
dimples extend into each of the cells;

one of the pair of the springs and one of the
pair of the dimples directly confronting one another;

the other of the pair of the springs and the oth-
er of the pair of the dimples directly confronting one
another.

16. The fuel assembly as set forth in Claim 15,
in which the one of the pair of the springs and

the one of the pair of the dimples are both of sub-
stantially the same height measured in a direction
generally parallel with the longitudinal extent of the
cylindrical members.

17. The fuel assembly as set forth in Claim 15,
in which the spring ligaments are generally

more compliant than the dimple ligaments.

18. The fuel assembly as set forth in Claim 17,
in which the spring ligaments are shorter than

the dimple ligaments measured in a direction gen-
erally parallel with the longitudinal extent of the cy-
lindrical members.

19. The fuel assembly as set forth in Claim 15,
in which each strap is formed with a plurality

of slots;
the slots generally defining the strap mem-
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bers; and
in which the slots extend adjacent the spring

ligaments and the dimple ligaments along substan-
tially the entire lengths of the spring ligaments and
the dimple ligaments.

20. The fuel assembly as set forth in Claim 15,
in which the spring plate is formed to include

a spring contour; and
the dimple plate is formed to include a dimple

contour;
the spring contour and the dimple contour be-

ing shaped to corresponds substantially with the cy-
lindrical members and being engaged with the cy-
lindrical members.

21. A grid for use in a fuel assembly of a nuclear reactor,
the grid being structured to carry a plurality of cylin-
drical members including at least one of a fuel rod
and a thimble tube, the grid comprising:

a plurality of straps;
the straps being interconnected with one anoth-
er in a lattice fashion to define a plurality of
cells;
each strap including an upstream edge;
each strap including a downstream edge;
the upstream edge and the downstream edge
being disposed generally opposite one anoth-
er;
each strap including a plurality of strap mem-
bers;
each strap member defining a wall of at least
one of the cells;
each strap member including a protruding
spring;
each strap member including a protruding dim-
ple;
the spring and the dimple being disposed at al-
ternate sides of at least a portion of a single
groove formed in the associated strap member;
the groove being disposed generally midway
between the upstream and downstream edges.

22. The grid as set forth in Claim 21,
in which each spring includes a pair of spring

ligaments;
in which each dimple includes a pair of dimple

ligaments; and
in which the spring ligaments are generally

more compliant than the dimple ligaments.

23. The grid as set forth in Claim 22,
in which the spring ligaments are smaller than

the dimple ligaments.

24. The grid as set forth in Claim 22,
in which each strap is formed with a plurality

of slots;
the slots generally defining the strap mem-

bers; and
in which the slots extend adjacent the spring

ligaments and the dimple ligaments along substan-
tially the entire lengths of the spring ligaments and
the dimple ligaments.

25. The grid as set forth in Claim 21,
in which each strap member includes a frame;
the spring and dimple protruding from the

frame; and
in which each strap includes a strap axis;
the strap axes of substantially all of the straps

lying generally within an imaginary grid plane;
in which each spring ligament includes a

spring ligament axis extending between the frame
and the spring plate; and

in which each dimple ligament includes a dim-
ple ligament axis extending between the frame and
the dimple plate;

the spring ligament axes and the dimple liga-
ment axes all being oriented generally parallel with
the grid plane.

26. The grid as set forth in Claim 21,
in which each strap includes a strap axis;
the strap axes together lying generally within

an imaginary grid plane;
in which the plurality of straps includes a plu-

rality of first straps, a plurality of second straps, a
plurality of third straps, and a plurality of fourth
straps;

the first straps and the second straps being
oriented substantially parallel with one another and
being disposed alternately with one another on the
grid;

the third straps and the fourth straps being ori-
ented substantially parallel with one another and
being disposed alternately with one another on the
grid;

the first straps and the second straps being
disposed substantially perpendicular to the third
straps and the fourth straps;

in which the springs of the first straps and the
third straps are disposed above the grid plane;

in which the springs of the second straps and
the fourth straps are disposed below the grid plane;

in which the dimples of the first straps and the
third straps are disposed below the grid plane; and

in which the dimples of the second straps and
the fourth straps are disposed above the grid plane.

27. The grid as set forth in Claim 21,
in which the spring includes a spring plate

formed to include a spring contour; and
in which the dimple includes a dimple plate

formed to include a dimple contour;
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the spring contour and the dimple contour
each being structured to substantially correspond
with and engage at least a portion of an outer sur-
face of an associated cylindrical member.

28. The grid as set forth in Claim 21,
in which a pair of the springs and a pair of the

dimples extend into each of the cells;
in which one of the pair of the springs and one

of the pair of the dimples directly confront one an-
other; and

in which the other of the pair of the springs
and the other of the pair of the dimples directly con-
front one another.

29. The grid as set forth in Claim 28,
in which the one of the pair of the springs and

the one of the pair of the dimples are both of sub-
stantially the same height and width.
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