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(71) W e , GENERAL ATOMIC COMPANY, 
a partnership organised under the laws of 
the State of California, of 10955 John Jay 
Hopkins Drive, San Diego, California, 

5 Unites States of America, do hereby de-
clare the invention, for which we pray that 
a patent may be granted to us, and the 
method by which it is to be performed, 
to be particularly described in and by the 

10 following statement: — 
The present invention relates to a lateral 

restraint assembly in a nuclear reactor. 
A nuclear reactor, for example, of the 

high temperature, gas-cooled type, com-
15 monly includes a reactor core of relatively 

complex construction supported within a 
shell or vessel providing a shielded cavity 
for containing the reactor core. 

Such a reactor core may be assembled 
20 from a large number of graphite blocks of 

different sizes and shapes arranged together 
in columns. The blocks within each 
column may be secured together to provide 
relatively loose lateral support therebetween. 

25 Due to the effects of thermal expansion and 
contraction, irradiation shrinkage, pressure 
effects and shrinkage or creep tendencies 
of the reactor vessel, it is not feasible to 
clamp the core assembly of columns into a 

30 rigid cylindrical structure. In addition, 
operation of the nuclear reactor requires 
that reactivity control elements be capable 
of insertion into the core at all times. 

It has been known to mount such a 
35 loosely assembled core unit in spaced apart, 

floating relation within a surrounding vessel 
by means of a plurality of springs arranged 
between the lateral surfaces of the core 
unit and the reactor vessel. However, the 

40 design and assembly of such reactor core 
mountings has been complicated by space 
restrictions within the reactor vessel as well 
as the need to prevent failure or disarrange-
ment of the core due to relative movements 

45 within the core units or due to movement 

of the entire core unit relative to the reactor 
vessel. More specifically, it is necessary to 
selectively limit displacement or movement 
of the core from a nominal position within 
the reactor vessel. In addition, it is also 50 
necessary to prevent the development of 
load reactions which might cause structural 
failure, particularly of the graphite com-
ponents within the core assembly. 

In order to meet these requirements, the 55 
entire core assembly must be capable of 
deflection or movement, generally along 
three perpendicular axes or planes. For 
example, it is necessary to permit movement 
of the core assembly both radially and 60 
tangentially or angularly as well as allowing 
some vertical movement of the core 
assembly while providing a resilient force 
tending to maintain or return the core to a 
nominal position within the vessel. 65 

As indicated above, such initial or limited 
movement of the core relative to the vessel, 
tending to result in multi-axial movement 
therebetween is generally limited in inten-
sity. However, a suitable restraint assembly 70 
must also resist or cushion relative move-
ment! between the core and the vessel due to 
forces of substantially greater magnitude. 
Such high intensity movement may tend to 
originate, for example, by seismic distur- 75 
bances or other causes having very high 
energy levels. Because of the limited space 
available within the reactor vessel, it has 
heretofore been difficult to provide means 
for resisting or absorbing such high energy go 
effects as well as low energy, multi-
directional motion. 

Accordingly, it is an object of the present 
invention to provide a lateral restraint 
assembly in a nuclear reactor, suitable for 85 
overcoming problems of the type summa-
rized above. 

In accordance with the invention, in a 
nuclear reactor including a vessel with a 
reactor core being arranged in generally 90 
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spaced-apart relation in the vessel and 
vertically supported in a manner permitting 
at least limited movement of the core 
relative to the vessel along three perpen-

5 dicular axes, a lateral restraint assembly 
comprises a plurality of spring packs 
arranged in spaced apart relation from each 
other between lateral surfaces of the reactor 
core and the vessel, each of the spring packs 

10 including 
a relatively low-rate coil spring assembly 

permitting multi-axial movement, 
a relatively high-rate spring assembly, 
means connecting the relatively low-rate 

15 coil spring assembly with one of the core 
and vessel, 

means connecting the relatively high-rate 
spring assembly with the other of the core 
and vessel, 

20 means interconnecting the relatively low-
rate coil spring assembly with the relatively 
high-rate spring assembly, and 

stop means limiting the spring response 
of the relatively low-rate coil spring 

25 assembly so that initial multi-axial move-
ment of the core relative to the vessel 
tends to be absorbed by the relatively low-
rate coil spring assembly while movement 
of the core relative to the vessel is resisted 

30 by the relatively high-rate spring assembly 
after the stop means limits multi-axial 
response of the low-rate coil spring 
assembly. 

The invention will be explained further 
35 by way of example with reference to the 

accompanying drawings, in which 
Figure 1 is a sectional side view in eleva-

tion of a nuclear reactor including a reactor 
core horizontally supported by a lateral 

40 restraint assembly within a shielded cavity 
formed by a reactor vessel. 

Figure 2 is a top view of the embodi-
ment of Figure 1 further illustrating the 
mounting of the reactor core within the 

45 reactor vessel. 
Figure 3 is a sectioned view of a spring 

pack for use in the present invention, a 
plurality of such spring packs being con-
templated for providing the lateral restraint 

50 assembly between the reactor core and 
reactor vessel of Figures 1 and 2. 

Figure 4 is a view taken along section 
lines 4-4 in Figure 3. 

Figure 5 is a view similar to Figure 3 
55 while rperesenting yet another embodiment 

of a spring pack for use in the invention. 
A nuclear reactor such as that indicated 

at 10 in Figures 1 and 2 forms the environ-
ment for the spring pack. One embodiment 

60 of the spring pack itself is best seen in 
Figures 3 and 4 (as indicated at 12) while 
another embodiment of the spring pack is 
indicated in 12' in Figure 5. Each of the 
spring packs 12 and 12' includes a low-rate 

65 spring assembly 14 (14' in Figure 5) and a 

high-rate spring assembly 16 (16' in Figure 
5). As will be explained later, each of the 
spring packs is adapted to provide a bi-
linear spring rate while also permitting 
multi-directional relative movement for a 70 
sprung mass and an unsprung mass between 
which the spring pack is arranged. 

The reactor includes a hollow vessel 18 
forming a shielded cavity 20 within 
which a nuclear reactor core 22 is arranged. 75 
A plurality of the spring packs 12 are 
arranged in spaced-apart relation between 
lateral surfaces of the reactor vessel 18 and 
the reactor core 22. Thus, the reactor 
vessel 18 may be considered as an unsprung 80 
mass with the reactor core 22 being con-
sidered as a sprung mass horizontally 
supported relative to the vessel 18 by the 
plurality of spring packs 12. It will be 
apparent that one or more of either of 85 
the spring packs 12 or 12' may be employed 
in many other applications where such a 
multiple or bilinear spring rate function is 
desirable. 

In particular, the spring pack may be 90 
employed in any of a variety of different 
types of reactors to provide cushioned 
support for a relatively massive reactor 
core. The reactor 10 is described briefly 
below only to permit a satisfactory under- 95 
standing as to the manner in which the 
spring pack performs therein. 

The reactor 10 is preferably of a type 
wherein the reactor vessel is formed from 
prestressed concrete and has an internal 100 
liner 24 formed from steel. Only the liner 
portion of the reactor vessel is illustrated 
in Figure 2 in order to permit a more de-
tailed illustration of reactor components 
arranged therewithin. 105 

The reactor 10 as illustrated in Figures 
1 and 2 also includes other components 
(not shown) which are normal to a high 
temperature gas-cooled reactor. 

The reactor core 22 comprises nuclear 110 
fuel elements 26 arranged in hexagonal 
patterns about control fuel elements 28 each 
having holes for receiving control rods (not 
shown). The array of fuel elements is 
encircled by replaceable mating reflector 
elements 30 and a single peripheral row of 
spaced reflector blocks 32. 

Each adjacent pair of reflector blocks 32 
defines a plurality of outwardly facing 
indentations 34 which are adapted to receive 120 
the spring packs 12 in a manner described 
in greater detail below with reference to 
Figures 3 and 4. The indentations are pre-
ferably formed along the junctures 36 be-
tween each adjacent pair or reflector blocks 125 
32. 

The fuel elements 26, reflector elements 
30 and permanent reflector blocks 32 are 
stacked in columns, the individual elements 
being loosely held together by means of 130 
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dowels so that the entire reactor core is 
free to expand of contract in a horizontal 
or radial direction. 

The reactor core 22 is supported 
5 vertically at its base within the cavity 20 

in a conventional fashion to permit rela-
tively free lateral or radial movement of the 
core. The core is not restricted against 
vertical movement which may take place, 

10 for example, in response to thermal expan-
sion and contraction or seismic effects. 
Otherwise, the configuration of the base 
support assembly for the reactor core 22 is 
not an important feature with respect to 

15 the present invention. Generally, the base 
support assembly is indicated at 21 in Figure 
1 and includes a mating assembly of sup-
port blocks 23 and support posts 25 
arranged beneath the fuel elements 26, the 

20 reflector elements 30 and the reflector blocks 
32. The support blocks 23 ,rest upon 

support posts 25 in the bottom head 27 of 
the prestressed concrete reactor vessel. 

Due to the space limitations, it is 
25 particularly important to limit lateral 

movement of the reactor core 22 in any 
direction within the vessel 18. At the same 
time, it is also desirable to permit some 
vertical movement as well as tangential or 

30 angular movement of the core relative to 
the vessel 18. Such freedom of movement 
along three perpendicular axes is desirable 
during normal operation in order to 
accomplish a number of specific objectives. 

35 Initially, it is necessary to prevent dis-
arrangement of the various elements making 
up the core as well as to prevent the de-
velopment of load reactions within the 
core which might tend to cause structural 

40 failure, particularly of the various core 
components formed from graphite. In addi-
tion, it is also important to limit displace-
ment of the core from a nominal or central 
position within the vessel. 

45 Motion or stress of the type described 
immediately above generally tends to be of a 
relatively low magnitude. However, it is 
also necessary to design the lateral restraint 
assembly for the reactor core to also with-

50 stand or absorb motion or energy of a much 
greater magnitude such as may occur during 
seismic disturbances. At such times, it is 
particularly important to cushion or absorb 
movement of the core in order to maintain 

55 operating integrity within the core assembly. 

The spring pack 12 is designed to provide 
cushioning for the reactor core under the 
wide variety of conditions discussed above. 
Initially, the spring pack permits multi-

60 directional movement of the core within the 
vessel during normal operation when the 
core tends to experience movement under 
the influence of relatively low energy levels. 
However, the spring pack also is effective 

65 to cushion the core against movement 

caused by high energy levels such as seismic 
disturbances. 

The construction and operation of the 
spring pack is described below with 
particular reference to Figures 3-5. How- 70 
ever, it may be seen with reference to 
Figures 1 and 2 that a large number of 
the spring packs may be arranged between 
the lateral surfaces of the reactor core 22 
and the vessel liner 24 in order to provide 75 
effective production for the core. 

In Figure 3, each of the spring packs 12 
is arranged for interaction between the 
permanent reflector blocks 32 of the core 
22 and the liner 24 of the reactor vessel 18, 80 
In order to conserve space, each adjacent 
pair of permanent reflector blocks 32 forms 
an indentation 34 for receiving each of the 
spring packs 12. In order to further con-
serve space, a side shield 38 of otherwise 85 
conventional configuration is associated 
with each of the spring packs 12. Accord-
ingly, a plurality of side shields 38 are 
arranged in closely spaced apart relation 
about the cavity 20 to provide proper shield- 90 
ing for the reactor core 22. Otherwise, the 
side shield 38 is not a portion of the basic 
spring pack. However, within the reactor 
10 which is a preferred environment for the 
spring pack, each of the spring packs 12 95 
does provide a mounting for one of the side 
shields 38. 

It may also be most clearly seen from 
Figure 3 that, in accordance with conven-
tional practice, thermal insulation is 100 
arranged upon the inner surface of the 
liner 24 for the reactor vessel 18. The layer 
of thermal insulation is indicated at 40 in 
Figure 3 as being confined between the 
reactor vessel liner 24 and steel cover plates 105 
42. Each of the spring packs 12 includes 
an attachment fixture for direct interaction 
with the liner 24 which may be considered 
a structural element of the reactor vessel 
18. 110 

Having particular reference to Figures 3 
and 4, each spring pack includes a face 
plate 44 arranged within one of the inden-
tations 34 formed by a pair of permanent 
reflector blocks 32. The face plate 44 is 115 
raged into contact with the reflector blocks 
32 by means of the spring pack which acts 
within compression. The face plate 44 is 
not secured to the permanent reactor blocks 
32 in order to prevent the springs within 120 
the spring pack from acting or being loaded 
in tension. 

The low rate spring assembly 14 referred 
to above comprises a plurality of helical 
coil springs 46 arranged in parallel relation- 125 
ship and each having one end connected 
to the face plate 44. The other end of each 
coil spring is connected to a cup-shaped 
spring container 48 which is nested within a 
similarly shaped spring housing 50. 130 
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Both the container 48 and housing 50 
have annular flanges, indicated respectively 
at 52 and 54, for receiving a selective num-
ber of annular shims 56 therebetween. One 

5 or more of the shims 56 may be employed 
to adjust the overall dimension for the 
combined spring container and housing in 
order to properly locate the core 22 within 
the cavity 20. The shims 56 thus serve, for 

10 example, to accomodate construction tole-
rances within the reactor. 

If such adjustment were not required 
within a particular application, the spring 
container 48 and spring housing 50 could, 

15 of course, be formed as a single integral 
element. The spring housing 50 also forms 
a mount for the side shield 38. The spring 
housing 50 further serves as a structural 
member for transferring load forces from 

20 the reactor core to the high rate spring 
assembly 16. Accordingly, it may be desir-
able in certain applications to provide 
the housing with ribs, flanges or the like 
as a means of stilfening or providing greater 

25 structural integrity within the housing. 
The outwardly extending end of the spring 

housing 50 is connected with the high-rate 
spring assembly 16 which preferably com-
prises one or more linear type springs, such 

30 as the plate springs indicated at 58 and 60. 
The housing 50 is connected with a central 
portion of the first plate spring 58 while the 
peripheries of the two plate springs 58 and 
60 are interconnected by means of an 

35 annular spring clamp 62. Similarly, a 
central portion of the other plate spring 60 
is mounted directly upon the steel liner 24 
by means of a cylindrical attachment fix-
ture 64. As may be best seen in Figure 3, 

40 the cylindrical fixture 64 is also preferably 
filled with thermal insulation as indicated 
at 66. The plate springs 58 and 60 are 
illustrated as being tapered. However, 
springs of constant thickness are satisfactory 

45 for many applications of the present spring 
pack. 

In normal operation, multi-axial move-
ment of the core 22 relative to the vessel 
18, having a relatively low magnitude of 

50 energy, tends to be absorbed or resisted 
by the low-rate coil springs 46 alone. Such 
energy or motion tends to be absorbed by 
the coil springs for two reasons. Initially, 
the relatively low rate of the coil springs as 

55 compared to the plate springs 58 and 60 
makes the coil springs more responsive to 
such initial movement. In addition, the 
plate springs 58 and 60 which form the 
high rate spring assembly 16 tend to resist 

60 or prevent any relative movement in a plane 
parallel to the plate springs themselves. 

A mechanical means for limiting response 
of the low rate coil springs 46 is formed 
by the spring container 48. In particular, 

65 response of the coil spings 46 is limited 

when the face plate 44 enters into engage-
ment with the flange 52 on the spring 
container 48. Thereafter, motion of the 
reactor core 22 is transferred directly to 
the high rate plate springs 58 and 60 which 70 
provide a much higher level of resistance 
for rapidly cushioning and terminating 
further movement of the reactor core to-
wards the liner 24. With a plurality of the 
spring packs 12 arranged in a manner illus- 75 
trated in Figures 1 and 2, the low-rate 
and high-rate spring assemblies within each 
of the spring packs function in the manner 
described above to resist or limit move-
ment of the core in any direction from its §0 
centered position illustrated in Figures 1 
and 2. 

Referring particularly to Figure 3, it may 
be seen that the maximum amount of travel 
possible for the reactor core is established 55 
by the maximum amount of compression 
possible within both the low-rate spring 
assembly 14 and the high-rate spring 
assembly 16 for any one of the spring 
packs 12. Maxiinum travel within the low- 90 
rate spring assembly 14 (see Figure 3) is 
established by the normal spacing between 
the face plate 44 and the flange 52 on the 
spring container 48. Similarly, maximum 
travel for the high-rate spring assembly 16 95 
is established by the spacing between the 
central portions of the plate springs 58 and 
60. These dimensions for the low-rate and 
high-rate spring iassemblies may of course 
be varied to provide the most effective 100 
cushioning for the reactor core 22 or for 
any other sprung mass. The combined 
amount of travel or compression possible 
for both the low-rate and high-rate spring 
assemblies 14 and 16 is of course estab- 105 
lished by the permissible amount of radial 
travel allowed for the reactor core in any 
given direction. 

An additional-embodiment of a spring 
pack according to the present invention is n o 
illustrated at 12' in Figure 5. Many com-
ponents of the spring pack 12' in Figure 5 
are similar to those employed with the 
spring pack 12 of Figures 3 and 4. Accord-
ingly, similar primed numerals are employed 115 
to identify those elements in Figure 5 which 
correspond closely with similarly numbered 
elements in the spring pack 12 of Figures 
2, 3 and 4. 

Referring specifically to Figure 5, it may 
be seen that the combined spring container 
48 and housing 50 of Figures 3 and 4 have 
been replaced by a single cylindrical housing 
102 which functions in a similar manner 
in combination with the face plate 44', to 125 
limit the spring response of the low rate 
spring assembly 14'. The housing 102 pro-
vides a simpler configuration for the spring 
pack 12' since it does not include adjust-
ment means of the type described above 130 
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with reference to the spring packs 12 of 
Figures 3 and 4. 

The high-rate spring assembly 16' also 
differs substantially from that illustrated in 

5 the spring pack 12 of Figures 3 and 4 in 
that only a sbgle tapered plate spring 58' 
is employed. Accordingly, the cylindrical 
housing 102 is attached to a central portion 
of the plate spring 58' while the periphery 

10 of the plate spring 58' is directly connected 
with some freedom of rotational movement 
to the steel liner 24'. The connection be-
tween the plate springs 58' and liner 24' 
allows rotational movement therebetween in 

15 order to permit relatively free lateral flexure 
of the spring 58'. 

The peripheral mounting for the plate 
spring 58' is provided by a plurality of cir-
cumferentially opposed bevelled spacers 104 

20 and 106 which are respectively arranged 
between the plate spring 58' and the steel 
cylinder 42' and between the plate spring 
58' and the liner 24'. 

Each pair of spacers 104 and 106 is held 
25 in place by a stud 108 which penetrates 

both spacers, a peripheral portion of the 
plate spring 58' and the steel cylinder 42'. 
The studs 108 are threaded to receive nuts 
110. Thus, the plate spring 58' is held 

30 in spaced apart relation from both the liner 
24' and the steel cylinder 42'. 

The spring pack 12' functions in substan-
tially the same manner as the spring pack 12. 
For example, the response of the low-rate 

35 spring assembly 14' is limited by the normal 
spacing between the space plate 44' and 
the adjacent annular edge of the cylindrical 
spring housing 102. The response of the 
high rate spring assembly 16' is limited by 

40 the spacing between a central portion of the 
tapered plate spring 58' and an adjacent 
portion of the liner 24'. 

Various modifications of the invention are 
possible; one particular modification. may 

45 be in the relative arrangement of the low-
rate spring assembly and the high-rate 
spring assembly for each of the spring packs 
12 and 12'. Within the drawings, the low-
rate spring assembly is illustrated adjacent 

50 the reactor core or sprung mass while the 
high rate spring assembly is arranged adja-
cent the reactor vessel or unsprung mass. 
Although such an arrangement is preferred, 
it would also be possible to reverse the posi-

55 tion of the two spring assemblies while 
permitting operation o£ the spring pack in 
substantially the same manner described 
above. 

WHAT WE CLAIM IS :— 
60 1. In a nuclear reactor including a vessel 

with a reactor core being arranged in gene-
rally spaced-apart relation in the vessel and 
vertically supported in a manner permitting 
at least limited movement of the core rela-

65 tive to the vessel along three perpendicular 

axes, a lateral restraint assembly compris-
ing 

a plurality of spring packs arranged in 
spaced apart relation from each other .be-
tween lateral surfaces of the reactor core 70 
and the vessel, each of the spring packs 
including 

a relatively low-rate coil spring assembly 
permitting multi-axial movement, 

a relatively high-rate spring assembly, 75 
means connecting the relatively low-rate 

coil spring assembly with one of the core 
and vessel, 

means connecting the relatively high-rate 
spring assembly with the other of the core 80 
and vessel, 

means interconnecting the relatively low-
rate coil spring assembly with the relatively 
high-rate spring assembly, and 

stop means limiting the spring response 85 
of the relatively low-rate coil spring 
assembly so that initial multi-axial move-
ment of the core relative to the vessel tends 
to be absorbed by the relatively low-rate 
coil spring assembly while movement of 90 
the core relative to the vessel is resisted by 
the relatively high-rate spring assembly 
after the stop means limits multi-axial re-
sponse of the low-rate coil spring assembly. 

2. The nuclear reactor of Claim 1 95 
wherein the high-rate spring assembly 
comprises at least one linear type spring 
arranged generally perpendicular to the axis 
of the low-rate coil spring assembly. 

3. The nuclear reactor of claim 1, wherein 100 
the low-rate coil spring assembly is con-
nected with a face plate arranged for inter-
action with the lateral surface of the reactor 
core, the stop means comprising a mech-
anical spacer means forming a portion of 105 
the means interconnecting the low-rate coil 
spring assembly with the high-rate spring 
assembly, the mechanicad spacer means 
being arranged for abutting engagement 
with the face plate to limit the spring re- HO 
sponse of the low-rate coil spring assembly 
with the high-rate spring assembly, the 
mechanical spacer means thereafter provid-
ing a substantially rigid coupling between 
the face plate and the high-rate spring 115 
assembly. 

4. The nuclear reactor of claim 3, 
wherein the mechanical spacer means com-
prises a pair of nested cylindrical elements 
surrounding the low-rate coil spring 120 
assembly and each having an annular 
flange, shim means being selectively inserted 
between the annular flanges for adjusting 
the operative length of the spring pack. 

5. The nuclear reactor of claim 3 wherein 125 
the high-rate spring assembly is connected 
with a structural portion of the vessel of the 
reactor. 

6. The nuclear reactor of claim 1 wherein 
the high-rate spring assembly of each spring 130 
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pack comprises a pair of linear type springs 
interconnected with each other. 

7. The nuclear reactor of claim 6 wherein 
the two linear-type springs are formed as 

5 plate springs interconnected with each 
other adjacent their peripheries, the inter-
connecting means for the low-rate coil 
spring assembly being secured to a central 
portion of one plate spring, the means con-

10 necting the high-rate spring assembly with 
the other of the core and vessel being a 
mounting fixture secured to a central por-
tion of the other plate spring. 

8. The nuclear reactor of claim 1 wherein 
15 the lateral surface of the reactor core is 

formed with indentations for receiving the 
spring packs. 

9. The nuclear reactor of claim 8 wherein 
the vessel for the reactor includes an inner 
structural liner element with thermal insu- 20 
lating material being disposed upon the 
inner surface of the liner element, a mount-
ing fixture penetrating the insulating 
material for connection to the structural 
liner element to provide a rigid connection 25 
for each spring pack. 

10. The nuclear reactor of claim 1, sub-
stantially as described hereinbefore and as 
shown in the accompanying drawings. 

R. C. ROGERS, 
Chartered Patent Agents, 

Shell Centre, 
London SE1 7NA. 

Agents for the Applicants. 
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