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[57] ABSTRACT 
A bearing and seal structure for nuclear reactors utiliz-
ing rotating plugs above the nuclear reactor vessel. The 
structure permits lubrication of bearings and seals of the 
rotating plugs without risk of the lubricant draining into 
the reactor vessel below. The structure permits lubrica-
tion by utilizing a rotating outer race bearing. 

19 Claims, 3 Drawing Figures 
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cation may cause undesirable reactions with the reactor 
ROTATING PLUG BEARING AND SEAL components. 
RARKNVNIMTI OF TWF INVFVTINM Another problem occurs when changing the bearings BACKGROUND OF THE INVENTION o r t h e T o p r e Vent an undesirable leakage of radio-

This invention relates generally to nuclear reactors 5 active gases into the atmosphere, the pressure vessel is 
and more particularly to a bearing and sealing system desirably kept in an airtight enclosure. The usual means 
for nuclear reactors utilizing rotating members above of accomplishing this during reactor operation is by 
the nuclear reactor vessel. means of the seals. However, some other mechanism 

The nuclear reactor produces heat by fissioning of must be utilized when the seals themselves have to be 
nuclear materials fabricated into fuel elements and as- 10 changed. Prior practice in the field was to place an 
sembled within a nuclear core situated in a pressure airtight enclosure over the entire head area. TTien, the 
vessel. In commercial nuclear reactors, the heat pro- seals and the bearings were changed by machinery con-
duced thereby is used to generate electricity. Such nu- trolled external to the enclosed head. This method re-
clear reactors typically comprise one or more primary quires the use of complex machinery and control mech-
flow and heat transfer systems, and a corresponding 15 anisms, and results in a long stoppage of operation of the 
number of secondary flow and heat transfer systems. nuclear reactor. 
These secondary heat transfer systems are coupled to Another method utilized is to pour a liquid metal into 
conventional steam turbines and electrical generators. a trough provided for it in the annulus, and allow it to 
A typical energy conversion process for a commercial freeze, sealing the annulus. This method is not entirely 
nuclear reactor, therefore, involves transfer of heat 20 satisfactory, as the metal could overflow from its 
from a nuclear core to the primary coolant flow system, trough and drain into the reactor pressure vessel. 
to a secondary coolant flow system, and finally into CTTVFVFARV M THF iMvuxmnis i 
steam from which electricity is generated. SUMMARY OF THE INVENTION 

At the top of the pressure vessel, it is customary to Briefly stated, the above disadvantages of the prior 
provide a head to seal the nuclear reactor. A plurality of 25 art are eliminated by this invention by providing a 
penetrations pass through this head into the reactor means for lubricating the seals and the bearings without 
vessel below. These penetrations, typical of which are the risk of lubricant flowing into the pressure vessel, 
control rod assemblies and transfer machines, perform The load structure for the supported member is con-
functions within the nuclear pressure vessel. structed in a generally U-shaped configuration, and this 

To assure complete access to all areas of the pressure 30 structure accepts a bearing structure from the support-
vessel, particularly for liquid metal cooled, breeder ing member. The load bearing and seals are placed on 
reactors these penetrations are generally mounted on the external side of the supporting member's bearing 
rotatable members such as rotating plugs. These rotat- structure. In this location, any excess lubricant would 
ing plugs are generally cylindrical, and are of decreas- be draining to the top of the supporting member, and 
ing size, the innermost plug being the smallest and the 35 not into the reactor vessel, 
outermost plug being the largest. For the most efficient _ _ . 
operation, each p lu | i s radially offset from each other B R I E F DESCRIPTION OF THE DRAWINGS 
plug, and each plug is supported by the next largest For a better understanding of the invention, reference 
plug. may be had to the preferred embodiment, taken in con-

During operation, each plug is rotated independently 40 nection with the accompanying drawings, in which: 
of other plugs. Additionally, each plug supports pene- FIG. 1 is a longitudinal section of the upper portion of 
trations which may rotate independently of the plug. a nuclear reactor; 

It is customary for each rotating plug member to be FIG. 2 is a plan view of the top of the reactor shown 
connected to its supporting member by means of a load in FIG. 1; and 
bearing. This type of connection permits rotation while 45 FIG. 3 is a detailed view of the load structure be-
maintaining support. To permit this rotation, the rotat- tween the large rotating plug and the stationary ring. 
ing members cannot otherwise be physically joined n c c n D i i m n M n c t u d m c c o D D n v 
together. Because this connection occurs above the D E S C R i r a O N OF T f f i PREFERRED 
nuclear reactor vessel, sealing means must be utilized to EMBODIMENT 
prevent the escape of any gases present in the pressure 50 Throughout the description which follows, like refer-
vessel through the annulus between the two members. ence characters indicate like elements of various figures 
Such gases may comprise reactor vessel cover gases of the drawings. 
which are positioned above the liquid metal level in the FIG. 1 of the drawing illustrates a typical nuclear 
pressure vessel of a liquid metal cooled reactor and/or reactor system which can employ the principles of this 
may include fission gases released from the nuclear 55 invention. An elongated nuclear reactor pressure vessel 
level during reactor operation. These sealing means are 10 contains a quantity of reactor coolant such as liquid 
seals attached to one of the members, and kept in sliding sodium graphically illustrated and designated as the 
contact with the other member. Numeral 12. The top of the pressure vessel 10 is sealed 

A problem arises in the course of nuclear reactor by a nuclear reactor pressure vessel closure head 14. In 
operations, the seals and the bearings are in friction 60 the space formed by the pressure vessel 10 and the 
contact with the members during rotation. These fric- closure head 14 and above the level of liquid coolant 12 
tion forces will eventually cause both the seals and the is installed an inert gas known generally as cover gas 16. 
bearings to lose their expected effectiveness. The head 14 has a stationary outer ring 18 which is 

Because the location of the seals and bearings are bolted to a flange 20 of the pressure vessel 10. The head 
above the reactor vessel, they cannot be easily lubri- 65 14 has a plurality of generally planar, cylindrical rotat-
cated to minimize friction loses. Any excess lubrication ing members such as plugs 22,24 and 26. The plug 22, 
present would drain down the annulus between the two of the largest diameter, is coaxial with the vessel 10. The 
members and into the reactor cavity. There, this lubri- stationary member, ring 18, has an opening 19 in which 
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the large plug 22 is positioned. The large plug 22 has an 
opening 23, excentric to the large plug axis 37 in which 
the intermediate plug 24 is positioned. The intermediate 
plug 24 has an opening 25, excentric to the intermediate 
plug axis 39 in which the small plug 26 is positioned. 5 
These rotating plugs 22, 24, 26 position the fuel and 
control handling equipment over all desired vessel loca-
tions. 

The plug 26 supports an in-vessel transfer machine 
plug 28 excentrically. The plug 22 supports the ex-ves- 10 
sel transfer machine plug 30 excentrically. The plug 24 
supports columns 32 which support the upper internals 
(not shown), the control rod assembly mechanisms 34, 
and one or more sealed surveillance ports 36. By rotat-
ing the plugs 22, 24, 26, the in-vessel transfer machine 15 
plug 28 can be positioned over the various components 
in the vessel, and over the ex-vessel transfer machine 
plug 30. The small plug 26 is connected to and sup-
ported by plug 24 through the load structure 42. The 
intermediate plug 24 is connected to and supported by 20 
plug 22 through the load structure 40. The large plug 22 
is connected to and supported by the stationary outer 
ring 18 through the load structure 38. 

FIG. 2, a top view of the closure head 14, illustrates 
the rotation of these plugs 22, 24 and 26. The smallest 25 
diameter plug 26 can rotate about its axis 41. The inter-
mediate plug 24 can rotate around its axis 39 and the 
small plug 26 remains in its position on plug 24. The 
large plug 22 can rotate around its axis 37 while both 
plugs 24 and 26 remain in their position on plug 22. In 30 
this manner, the small plug 26 and its in-vessel transfer 
machine plug 28 can be positioned over any desired 
vessel locations. 

Reference is now made to FIG. 3, which shows a 
detailed view of the load structure 38 between the sta- 35 
tionary outer ring 18 and the largest diameter plug 22. 
This load structure 38 is illustrated for descriptive pur-
poses, and it would be obvious to one skilled in the art 
that a similar structure may be employed as load struc-
tures 40 and 42. Likewise, the asimilar structure may be 40 
used in conjunction with any rotating member which 
penetrates the closure head 14. 

The stationary ring 18 has an annular supporting 
structure 44 rising vertically above the top edge 46 of 
the stationary ring 18. The supporting structure 44 is 45 
connected to the inner race 48 of the bearing 50. The 
inner race 48 and its associated bearing 50 are secured to 
the supporting structure 44 by means of a ring 52. The 
inner side 54 of the annular supporting structure 44, 
contains cavities 56 into which maintenance seals (not 50 
shown) can be inserted during maintenance operations. 

The large plug 22 has an annular support riser 58 
rising vertically above the top edge 60 of the large ring 
22. The support riser 58 has an extension 59 comprised 
of an upper flange 62 which fits over the top side 64 of 55 
the supporting member 44 of the stationary ring 18, and 
an annular sealing structure 66 which is hermetically 
secured to the flange 62 of the support riser 58 and 
extends vertically downward from the upper flange 62 
adjacent to the outer side 68 of the supporting structure 60 
44. The support riser 58 and the extension 59 form a 
generally U-shaped first annular space 63 in which the 
support structure 44 is positioned. The outer side 68 of 
the supporting structure 44 and the edge 70 of the seal-
ing structure 66 (part of the extension 59) form a second 65 
annular space 84. 

Three elements, the support riser 58, the upper flange 
62, and the sealing structure 66 form the support struc-

ture 61 of the large plug 22. While support structure 61 
can be manufactured as one piece, for ease of installa-
tion and maintenance the preferred method is to use the 
three separate elements 58, 62, and 66. Throughout the 
following description, it will be assumed that the sup-
port structure 61 is comprised of the three elements 58, 
62 and 66, although the invention is equally applicable 
to a one-piece structure. 

The edge 70 of the sealing structure 66 has cavities 72 
above the elevation of the bearing 50 into which sealing 
means such as inflatable annular seals 74 are placed. 
Lubricating means 76 are connected on one side to the 
inflatable seals 74, and are accessible to the exterior 78 
of the sealing structure 66. 

The sealing structure 66 is secured to, and supported 
by, the outer race 80 of the bearing 50. A lubricant 
collector 82 is located beneath the bearing 50, the inner 
race 48 and the outer race 80. This lubricant collector 
82 is shown in the drawing as being connected to outer 
race 80, although alternate locations would have it 
connected to the inner race 48 or the support structure 
44. 

During rotation of the plug 22, the support structure 
61, shown as support riser 58 flange 62, and sealing 
structure 66, the outer race 80, the seals 74 and the 
lubricant collector 82, if so connected, rotate around the 
large plug axis 37. The stationary ring 18 with its sup-
porting structure 44, the inner race 48, and the ring 52 
remain stationary. The plug 22 is supported above the 
reactor vessel 10 during this rotation by the stationary 
ring 18 through the bearing 50. During lubrication, 
lubricant is inserted through the lubricating means 76 to 
the seals 74. The lubricant then flows down the annulur 
space 84 between the external edge 68 of the supporting 
structure 44 and the edge 70 of the sealing structure 66 
to the bearing 50. Any excess lubrication is then caught 
in the lubricant collector 82. If the lubricant collector 82 
becomes full, the lubricant could be removed by means 
of a drain hole (not shown). Although not shown on the 
drawing, if means for lubricating the bearing 50 directly 
are desired, such means can be inserted through the 
outer race 80. Any excess lubricant from this lubrication 
would also be caught in the lubricant collector 82. 

During maintenance operations, maintenance seals 
(not shown) are inserted into the cavities 56 provided 
for them in the supporting structure 44 of the stationary 
ring 18. These seals prevent the escape of any gases 
from the reactor cavity 16. Then the sealing structure 
66 and the bearing 50 are removed from their positions. 
The seals 74 and the bearing 50 can then be replaced. 

Thus, it can be seen that this invention teaches a sys-
tem by which seals and bearings for rotating members 
above the reactor vessel of nuclear reactors can be 
lubricated without risk of having lubricant drain into 
the reactor vessel. 

I claim as my invention: 
1. A nuclear reactor including an elongated pressure 

vessel, a pressure vessel closure head secured to said 
pressure vessel, said pressure vessel closure head having 
rotatable members above said pressure vessel, and a 
structure for supporting said members which permits 
lubrication of seals and bearings, said structure for sup-
porting said members comprising: 

a generally planar, rotatable, cylindrical first plug; 
a generally planar cylindrical first member having an 

opening therein, said first member receiving said 
first plug in said opening; 
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an annular first support structure secured to the pe-
riphery of and extending vertically above said first 
plug, said first support structure having an exten-
sion horizontally outward from the outer side of 
said first support structure and extending vertically 
downward, said extension and said first support 
structure forming a generally U-shaped first annu-
lar space; 

an annular second support structure having an inner 
side and an outer side secured to said first member, 
said first annular space receiving said second sup-
port structure therein, said extension of said first 
support structure and said outer side of said second 
support structure forming a second annular space; 

a bearing having an inner race and an outer race, said 
outer race being secured to said extension of said 
first support structure and said inner race being 
secured to said outer side of said second support 
structure; 

means for sealing said second annular space; 
means for lubricating said bearing; and 
means for lubricating said means for sealing said sec-

ond annular space. 
2. The reactor according to claim 1 wherein said 

means for sealing said second annular space are located 
at a first elevation; and 

said bearing is located at a second elevation vertically 
lower than said first elevation. 

3. The reactor according to claim 2 wherein said 
means for lubricating said means for sealing said second 
annular space include means for supplying a lubricant to 
said means for sealing said second annular space; and, 

said means for lubricating said bearing include means 
for supplying said lubricant from said means for 
sealing said second annular space, through said 
second annular space, and to said bearing. 

4. The reactor according to claim 1 wherein means 
for collecting excess lubricant from said means for lubri-
cating said bearing are located beneath said bearing. 

5. The reactor according to claim 1 wherein said 40 
means for sealing said second annular space include 
inflatable seals. 

6. The reactor according to claim 1 wherein said first 
support structure comprises; 

an annular support riser having an upper flange, said 45 
upper flange extending horizontally outward from 
the outer side of said support riser, said support 
riser being secured to and extending vertically 
above said first plug; and 

an annular sealing structure hermetically secured to 
said upper flange of said support riser, said sealing 
structure extending vertically below said upper 
flange, said sealing structure, said upper flange, and 
said support riser forming said generally U-shaped 
first annular space, said sealing structure being se-
cured to said outer race of said bearing, said second 
support structure being positioned in said first annu-
lar space, said outer side of said second support 
structure and said sealing structure forming said 
second annular space. 

7. The reactor according to claim 1 wherein said inner 
side of said second support structure has a cavity 
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therein, said cavity being adapted to have a mainte-
nance seal inserted therein during reactor maintenance 
operations. 

8. The reactor according to claim 1 wherein said 
means for lubricating said bearing are located in said 
outer race of said bearing. 

9. The reactor according to claim 1 wherein 
said pressure vessel closure head has a stationary 

outer ring; and 
said stationary outer ring is secured to said pressure 

vessel. 
10. The reactor according to claim 9 wherein said first 

member is said stationary outer ring. 
11. The reactor according to claim 9 wherein said first 

member is a rotatable large diameter plug; and 
said first plug is an intermediate diameter plug having 

a diameter smaller than said opening in said large 
diameter plug. 

12. The reactor according to claim 11 wherein said 
opening in said large diameter plug is excentric to an 
axis of said large diameter plug. 

13. The reactor according to claim 11 wherein said 
stationary outer ring has a diameter larger than said 
large diameter plug; 

said stationary outer ring has an opening therein; 
said large diameter plug being positioned in said open-

ing of said stationary outer ring, 
said large diameter plug being rotatably secured to 

said stationary outer ring. 
14. The reactor according to claim 13 wherein said 

pressure vessel has an upper support flange; and 
means securing said stationary outer ring to said 

upper support flange of said pressure vessel. 
15. the reactor according to claim 9 wherein said first 

member is a rotatable intermediate diameter plug; and 
said first plug is a rotatable small diameter plug hav-

ing a diameter smaller than said opening in said 
intermediate diameter plug. 

16. The reactor according to claim 15 wherein said 
opening in said intermediate diameter plug is excentric 
to an axis of said intermediate diameter plug. 

17. The reactor according to claim 15 wherein; 
a rotatable large diameter plug, having a diameter 

larger than said intermediate diameter plug, has an 
opening therein; 

said intermediate diameter plug being positioned in 
said opening of said large diameter plug, 

said intermediate diameter plug being rotatably se-
cured to said large diameter plug. 

18. The reactor according to claim 17 wherein said 
stationary outer ring has a diameter larger than said 
diameter of said large diameter plug; 

said stationary outer ring having an opening therein; 
said large diameter plug being positioned in said open-

ing of said stationary outer ring, 
said large diameter plug being rotatably secured to 

said stationary outer ring. 
19. The reactor according to claim 18 wherein said 

pressure vessel has an upper support flange; and 
means securing said stationary outer ring to said 

upper support flange of said pressure vessel. 
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