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[57] ABSTRACT 
A spacer structure is described for maintaining a spaced 
relation between a plurality of generally parallel fuel 
rods within a housing in a nuclear reactor. The spacer 
structure is comprised of a grid pattern of ribs slotted to 
interlock with each other. The slots are arranged in 
such a way that when the ribs are welded to each other, 
the weld shrinkage is distributed uniformly in all direc-
tions to reduce or eliminate the amount of rework nec-
essary in manufacturing the spacer structure. 

6 Claims, 4 Drawing Figures 
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FIG. 3 is a plan view illustrating another type of rib 
SPACER STRUCTURE configuration used in the invention; and 

This is a continuation, of application Ser. No. FIG. 4 is an exploded view of a portion of a spacer 
557,812, filed Mar. 12, 1975 and now abandoned. structure constructed in accordance with the invention. 

This invention relates generally to nuclear reactors 5 Very generally, the spacer structure 11 of the inven-
and, more particularly, to a spacer structure for main- tion includes a plurality of first ribs 13 which extend 
taining a spaced relation between a plurality of gener- substantially parallel with each other across the interior 
ally parallel fuel rods in a nuclear reactor. of a support structure 15. The first ribs each have a 

In nuclear reactors of the type which employ elon- plurality of slots 17 and 18 therein extending from oppo-
gated fuel rods in the reactor core, provision is typically 1° site longitudinal edges 19 and 21 thereof, respectively, 
made for maintaining the relative location and align- The slots 17 and 18 are substantially parallel with each 
ment of the fuel rods. Typically, such provision is made other and are spaced longitudinally along the ribs ex-
by means of a spacer structure comprised of elements tending in sequence from alternate edges 19 and 21. A 
integral with or separated from the fuel rods and which plurality of second ribs 23 extend substantially parallel 
may form a grid-like structure. Buttons or other suitable 15 w i t h e a c h o t h e r a c r o s s t h e interior of the support struc-
protuberances on the spacer structure engage the outer t u r e transversely of the first ribs. The second ribs each 
surfaces of the fuel rods to maintain a desired separa- h a v e a plurality of slots 25 therein extending from one 
tion. Such a spacer structure may by supported by suit- longitudinal edge 27 thereof. The second ribs are on-
able structure to extend transversely of the entire reac- e n t e d t o alternate the position of their slotted edges 27 
tor core, or may extend transversely of a modular core 2 0 m a t e ! n the slots 17 and 18 in the first ribs on both 
fuel element comprising an outer housing or other sup- longitudinal edges thereof. The ribs are welded to each 
port structure containing a plurality of fuel rods. other at the mated slots 

a „ i ,L„; cL Referring now particularly to FIG. 1, a modular fuel A convenient structural design tor spacer structures , . , , „ , ' , . „e i, . , „ j • „ - element is shown. A plurality of such fuel elements may of the type descnbed incorporates a plurality of ribs „, , . . , ,. , . . .. 
r , » TT. 25 be positioned adjacent each other to form the reactive arranged to form a grid or egg crate arrangement. The v . , ^ -r-o. . ° . , , T,u , .. 0 0 ® , , . core for a nuclear reactor. The specific spacer structure ribs are provided with buttons or other suitable protu- , , , . , . , , , • • r • J I c > , f t . x L r i j j . . . 11 which is descnbed herem is for use m a modular fuel oerances wnicn engage tne mei rods and maintain tne e l e m e n t Q f ^ fflu8trated t y p e . I t is to be understood, 

spacing therebetween with each fuel rod passing h o w e v t h a t t h e structure of the invention is 
hrough a cell defined by the nbs In one usefid design, 3 0 ^ l i c a b l e ^ s i t

F
u a t i o n s o t h e r than that illustrated, 

the nbs are slotted and interlock at the slots, with stabil- s u c h £ f o i e k i n s i t u a t i o n s w h e r e i „ a core is 
ity being provided by welding the nbs together at the c o m p r i s e d o f a plurality of mutually parallel fuel rods in 
s ° . . . „ , a non-modular arrangement. 

Typical prior art spacer structures of the type de- T h e m o d u l a r f u e I e l e m e n t i n c l u d e s a support struc-
scnbed usually require a considerable amount of re- 3 5 t u r e 1 5 c o m p r i s i n g a box-like housing 29 which is 
work. This is required as a result of differential weld s h a p e d t o e n c l o s e a rectangular cross section. The 
shrinkages occurring due to the arrangement of the u p p e r e n d o f t h e housing is provided with a section 31 
interlocking or mating slots. For example, where the o f r e d u c e d s i z e forming a shoulder 33 surrounding the 
slots of the nbs extendmg m the "X" direction all extend periphery of the housing. The reduced size section 31 
from the top edge of the ribs, and where the slots of the ^ m a t e s i n a correspondingly shaped recess in a support-
ribs extending in the "Y" direction therefore necessarily i n g structure (not shown) such that the illustrated fuel 
extend from the bottom edge thereof, top edge shrink- element and the other similar fuel elements depend from 
age is in the "X" direction while bottom edge shrinkage t h e supporting structure and are held in proper relative 
is in the "Y" direction. The resultant spacer structure alignment. The fuel element is secured in a grid support, 
tends to assume a saddle shape having ribs in a fan-like 4 5 n o t shown, by suitable securing means 35 supported at 
pattern. Much rework is therefore necessary to bring t h e t o p e n d o f t h e f u e j element housing by diagonally 
the spacer structures into acceptable tolerances. extending webs 37. The securing means 35 may, for 

It is an object of the present invention to provide an example, be designed to provide a bayonet type attach-
improved spacer structure for maintaining a spaced m e n t to the grid support so that the modular fuel ele-
relation between a plurality of generally parallel fuel 50 ment may be readily released and lowered from the grid 
rods within a housing in a nuclear reactor. support for replacement. 

Another object of the invention is to provide a spacer Inside of the housing 15 of the fuel element, provision 
structure of the type described suitable for welded con- i s made (not shown) for suspsending a plurality of fuel 
struction in which the amount of rework required dur- rods 39 from their upper ends to depend downwardly 
ing manufacture to bring the spacer structure into ac- 55 and along the elongated fuel element. The fuel rods may 
ceptable tolerances is minimized. be of any suitable construction, such as pelletized fis-

Another object of the invention is to provide a spacer sionable material contained within a suitable metallic 
structure of the type described in which weld shrinkage cladding. The illustrated fuel rods are cylindrical and 
is distributed uniformly in all directions. are arranged within the housing on a rectangular cross-

Other objects of the invention will become apparent 60 sectional pitch, 
to those skilled in the art from the following descrip- In order to maintain a desired spaced relation be-
tion, taken in connection with the accompanying draw- tween the fuel rods 39, a spacer structure 11 constructed 
ings wherein: in accordance with the invention is provided at at least 

FIG. 1 is a perspective view, with part broken away, one location spaced along the length of the fuel rods 
illustrating a nuclear reactor fuel element incorporating 65 from their supported upper ends. The spacer structure 
the spacer structure of the invention; 11 is comprised of intersecting ribs 13 and 23 which 

FIG. 2 is a plan view illustrating one type of rib con- extend across the interior of the housing 15 and are 
figuration used in the invention; suitably secured, by means not shown, to the walls of 



the housing. The ribs may be fabricated out of sheet 
stock by stamping or other suitable means and the ribs 
may be provided with integral buttons 40, shown in 
FIGS. 2-4, at appropriate locations for engaging the 
fuel rods 39. By this expedient, the contact area between 
the locating ribs and the fuel rods is minimized to maxi-
mize the amount of surface area of the rods exposed to 
the flow of reactor coolant for heating the coolant. The 
reactor coolant flows longitudinally within the housing 
15 along the outer surface of the fuel rods. 

In the spacer structure 11 of the invention, all of the 
ribs 13 extend parallel with each other in what may be 
termed the "X" direction, with the remaining ribs 23 
extending parallel to each other transversely of the ribs 
13. This may be termed the "Y" direction where, as in 
the illustrated embodiment, the ribs 23 are perpendicu-
lar to the ribs 13. The ribs are designed to interlock as 
they cross by mating slots. The ribs are then joined to 
each at the slots by welding. 

In the spacer structure of the invention, the ribs 13 
are provided with a plurality of slots 17 extending from 
one edge 19 about half-way across the ribs. Another 
series of slots 18 is provided for the opposite edge 21 
extending about half-way across the rib. The slots 18 are 
aligned in the transverse direction about midway be-
tween the slots 17 with the slots 17 and 18 being all 
parallel with each other. Thus, the longitudinal spacing 
of the slots along the ribs provides a sequence such that 
the slots extend from the alternate edges 19 and 21. In 
the illustrated embodiment, the sequence is such that 
every other slot extends from the same edge, but it may 
be possible within the scope of the present invention to 
utilize another sequence depending upon particular 
structural details. It is preferable, however, that the 
number of slots extending from the respective edges be 
substantially equal. 

The ribs 23 which extend perpendicular to the ribs 13 
are provided with a plurality of slots 25 which extend 
from only one of the longitudinal edges 27 of the rib 23. 
This configuration may be seen in FIG. 3. 

In assembling the spacer structure of the invention, 
the arrangement of the ribs may be best seen in FIG. 4. 
A number of the ribs 23 corresponding to the number of 
slots along the edges 19 of the ribs 13 are oriented with 
their slots opening in a direction to mate with the slots 
17. Similarly, a number of the ribs 23 are arranged with 
their slots 25 in the opposite direction to correspond 
with and mate with the slots 18 along the edges 21 of the 
ribs 13. Thus, the ribs 23 are oriented to alternate the 
position of the slotted edges 27 in accordance with the 
alternating sequence of the slots 17 and 18 to mate in the 
slots on both of the longitudinal edges 19 and 21. Once 
the assembly is completed, the ribs are welded to each 
other at the mating slots, resulting in the configuration 
shown in FIG. 1. 

Because all ribs in the "X" direction are alternately 
slotted in the over and under pattern described, and 
because the "Y" direction ribs have slots along one side 
but are alternately oriented, the weld shrinkage in the 
"X" direction is equally distributed along the top and 
bottom edges. No net difference in shrinkage occurs 
between the opposite edges 19 and 21 of the ribs 13. 
Shrinkage in the "Y" direction, along the ribs 23, occurs 
between the top and bottom surfaces of the ribs alter-
nately. The net result is that the alternate top and bot-
tom shrinkages compensate each other. Moreover, the 
contact points of the buttons 40 are maintained posi-
tioned perfectly parallel to the longitudinal axes of the 

0,918 
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fuel rods, the optimum condition. Shrinkage in all cases 
is typically toward the center of the spacer and rod 
assembly. 

For purposes of assembly, detents 41 are provided to 
5 locate and trap the slotted edges of the ribs during weld-

ing. These detents are integral protuberances on the ribs 
13 and four are provided for each slot. Two of the 
detents project from each side of the ribs near the edge 
opposite the slotted edge, as may be seen in FIG. 2. 

10 Similar detents are provided on the ribs 23 as shown in 
FIG. 3. 

The design of the invention permits fabrication of the 
spacer grid assembly with little or no rework required 
due to weld shrinkage warping. It is possible to produce 

" spacer assemblies that meet all pitch tolerance require-
ments without rework and, more important, which 
align the buttons with a minimum of deviation. All this 
is accomplished with simplified assembly tooling requir-
ing only a peripheral type envelope fixture to maintain 

2 0 squareness of the spacer assembly. 
It may therefore be seen that the invention provides 

an improved spacer structure for maintaining a spaced 
relation between a plurality of generally parallel fuel 
rods within a housing in a nuclear reactor. The spacer 
assembly of the invention requires little or no rework, 
greatly reducing the costs of fabrication over typical 
prior art designs. 

Various modifications of the invention in addition to 
30 those shown and described herein will become apparent 

to those skilled in the art from the foregoing description 
and accompanying drawings. Such modifications are 
intended to fall within the scope of the appended claims. 

What is claimed is: 
35 1. A nuclear reactor fuel element comprising a gener-

ally tubular support structure, a plurality of generally 
parallel fuel rods disposed longitudinally within said 
support structure and spacer structure for maintaining a 
spaced relation between said fuel rods, said spacer 

4A structure including a plurality of substantially parallel 
metallic first ribs supported by the support structure so 
as to extend thereacross, said first ribs each having a 
plurality of slots therein extending from the opposite 
longitudinal edges thereof in a direction perpendicular 

45 thereto, said slots being parallel with one another and 
spaced longitudinal along said first ribs with about half 
of said slots extending from each longitudinal edge, a 
plurality of substantially parallel metallic second ribs 
supported by the support structure and extending trans-

50 versely of said first ribs, said second ribs each having a 
plurality of slots therein extending in a perpendicular 
direction from a single longitudinal edge thereof, said 
second ribs being interengaged with said first ribs at said 
slotted locations with about half of said slotted edges of 

55 said second ribs facing in one direction and about half 
facing in the opposite direction, a pair of spaced detents 
being provided on each surface of said ribs, aligned with 
each slot and located generally near the longitudinal 
edge opposite said slot, said detents of each pair being 

60 spaced apart just greater than the thickness of said rib, 
said first and second ribs being welded to each other at 
said locations of interengagement along said slots, said 
detents engaging the interengaged rib adjacent the slot 
and thus maintaining desired alignment of said first and 

65 second ribs during welding. 
2. A fuel element according to claim 1 wherein the 

sequence of slotting in said first ribs is such that every 
other slot extends from the same longitudinal edge. 
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3. A fuel element according to claim 1 wherein said 

first ribs are arranged in said support structure disposed 
substantially perpendicular to said second ribs. 

4. A nuclear reactor fuel element comprising a gener-
ally tubular housing for vertical disposition in a nuclear 5 
reactor, a plurality of generally parallel fuel rods dis-
posed vertically within said housing and horizontally 
extending spacer structure for maintaining a spaced 
relation between said fuel rods, said spacer structure 
including a plurality of parallel metallic first ribs sup- 10 
ported by said housing and extending thereacross, said 
first ribs each having a plurality of vertical slots therein 
extending from both the upper and lower longitudinal 
edges thereof, said slots being spaced longitudinally 
along said ribs in sequence with every other slot extend- 15 
ing from the same longitudinal edge, a plurality of paral-
lel metallic second ribs supported by said housing and 
extending transversely of said first ribs, said second ribs 
each having a plurality of vertical slots therein all ex-

20 

tending from one longitudinal edge thereof, said second 
ribs being interengaged with said first ribs at said slotted 
locations with about half of said slotted edges of said 
second ribs facing upward and about half facing down-
ward, said first and second ribs being welded to each 
other at said locations of interengagement along said 
slots. 

5. A fuel element according to claim 4 wherein de-
tents are provided on each of said ribs which detents 
engage the interengaged rib adjacent the slot and thus 
maintain desired alignment of said first and second ribs 
during welding. 

6. A fuel element according to claim 4 wherein a pair 
of spaced detents is provided on each surface of said 
ribs, aligned with each slot and located generally near 
the longitudinal edge opposite said slot, said detents of 
each pair being spaced apart just greater than the thick-
ness of said rib. 

* * * * * 
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