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Case 2.853 
FUEL CHANNEL, CLOSURE AMD ADAPTER 

ABSTRACT OF THE DISCLOSURE 
A mechanically actuated ram/closure 

combination particularly suited for use with the 
pressure tubes of a nuclear reactor" such as the Candu 
reactor, for on-load refuelling incorporates a 
positive latching arrangement to ensure latching of 
the tube closure in the closed position, and serving 
also to retain the closure secured to the ram of a 
refuelling machine during the refuelling cycle. The 
improved arrangement may also be provided with the 
capability of enabling partial insertion of the 
closure into a positively secured, partial sealing 
condition of the pressure tube, with disengagement of 
the fuelling machine ram therefrom, to permit 
withdrawal of the refuelling machine. The combination 
ram/closure also incorporates a deformation-limiting 
load bar as part of the ram, rather than requiring the 
provision of a load bar on each closure as heretofore. 
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FUEL CHANNEL CLOSURE AND ADAPTER 
This invention is directed to a mechanical 

closure/actuating ram combination and in particular to 
an improved removeable closure suited for use in 

5 sealing the ends of pressure tubes of a nuclear 
reactor. 

In the Canadian Candu type nuclear 
reactor having a plurality of individual pressure 
tubes extending from a calandria constituting the core 

10 of the reactor, the operating technique requires 
on-load refuelling of the reactor, with consequent 
repeated opening and re-sealing of each of the several 
hundred reactor pressure tubes, using remotely 
controlled refuelling machines. 

15 The existing type of closure utilizes a 
sealing disc forming part of the closure, the locking 
mechanism of the closure being mechanically akin to 
the breech of a gun. The retention against rotation 
of the closure member, by which the sealing disc is 

20 secured, is effected by a pair of spring-loaded safety 
plungers interconnecting the closure member in fixed 
relation to a locking member. Positioning of the 
locking member against fixed stops precludes its 
rotation. However, the safety plungers, being spring 

25 loaded, are subject to hang up or spring failure, such 

* * m Ml f 
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that an apparently locked closure may in fact be in a 
condition to back-off from its load holding position 
and permit leakage of content past the sealing disc. 

The heavy water coolant is very expensive, 
5 arid its retrieval after spillage constitutes a costly 

operation, while the possibility of radio-active 
contamination thereby cannot be ignored. The 
operation of refuelling is carried out in the heavily 
irradiated environment of the reactor, using remotely 

10 controlled machines incorporating rams for opening and 
re-positioning the closure components and applying 
closure load against the respective sealing disc of 
each pressure tube. As the forces applied by such 
machines are not readily monitored, nor 

15 accurately controlled, the assurance of applying a 
precisely loaded seal to each tube is of great 
importance, being presently effected by providing each 
tube closure with a load bar, to withstand the undesired 
application of gross overload to the sealing disc. 

20 The perfect operation of nuclear reactors is 
desireable and theoretically achievable, but 
experience has proved that component parts can fail, 
and that limits and tolerances of various interacting 
components are not always achieved or maintained 

25 during years of ardous service, thus permitting the 
occurrence of coolant leakage, such as by the fouling 
of pressure tube seal seats. 

Accordingly, in addition to providing an 
improved closure for use with such reactors, the 

30 present invention also provides a closure that may be 
inserted into a fuel channel end fitting in an 
intermediate position, to provide at least partial 
closing off of a pressure tube, while permitting the 
disengagement of the refuelling machine and its 

3 5 withdrawal from the closure, for other purposes. The 
invention further provides a ram/closure combination 
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wherein the application of loading force to a 
deformable sealing disc is regulated by a massive load 
bar component forming a part of the refuelling 
machine, and being therefore accessible for purposes 

5 of maintenance or replacement when the refuelling 
machine is returned to a refuelling bay, located 
remote from the reactor, instead as heretofore the 
load bar constituting a component of each pressure 
tube closure, arid being consequently limited for 

10 accessibility. 
The provision by the present invention of 

mechanical positively actuated interlocks, both for 
locking the closure member in its closed position or 
an intermediate, partially closed position, greatly 

15 enhances the reliability of the total system, while 
limiting the potential rate of leakage of heavy water 
coolant by affording the capability of the partial 
insertion of a pressure tube closure, and t"he 
subsequent withdrawal therefrom of the refuelling 

20 machine for further utilization elsewhere or the 
carrying out of remedial action, or for loading into 
the machine a replacement closure. 

While disclosed with particular respect to a 
nuclear environment, it will be understood that 

25 certain advantages of this invention may be obtained 
in other closure environments and utilizations. 

The present invention thus provides, in a 
mechanically actuated ram/closure combination for a 
pressure container having deformable disc means 

30 removeably positioned in predetermined sealing 
relation with a seat portion of the container, 
retractable closure means for adjustable attachment to 
the container, to secure the disc means in a 
predetermined sealing relation, load bar 
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neans to limit the application of axial deformation 
against the disc raeans relative to the seat portion, 
and locking means operable in a first position for 
positively engaging the closure body in secured 

5 relation to the ram, and moveable to at least one 
other position in withdrawn relation from the ram to 
engage the closure body .in positively interlocked 
relation to the container. 

The invention further provides such an 
10 arrangement wherein the load bar means constitutes a 

portion of the refuelling ram, for servicing a 
plurality of fuel channel closures. 

The .invention further provides a pivotal 
latch portion of the locking means for entry thereof 

15 in engaged relation into an end portion of the ram, to 
maintain relative prepositioning therebetween on 
removal of the ram together with the closure from the 
face of the calandria. 

The functions of the refuelling machine ram 
20 include axial advance and withdrawal, and a composite 

movement capability provided by a pair of coaxial 
tubes, the outer charge tube and the inner closure 
tube, the tubes being capable of relative axial 
displacement therebetween, and a central stem carrying 

25 the load bar extending in front of the charge tube and 
the closure tube. A compound rotational drive permits 
selective rotation of the load bar and/or the tube 
assembly. 

The closure locking means includes a lock 
30 plate secured coaxially with the closure member and 

extending diametrically across the outer face of the 
closure member. The radially outer ends of the lock 
plate include attachment extensions which are entered 
into recessed portions of the fuel channel end 

35 fitting, whereby the further rotation of the lock 
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plate is precluded, while axial withdrawal is also 
prevented by way of a pin (not shown) which prevents 
withdrawal of the lock plate from a spindle portion of 
the sealing disc. 

5 The cylindrical closure body, having groups 
of breech closure lugs spaced about the periphery 
thereof is insertable axially within the end fitting 
of the pressure tube, and upon rotation about its 
polar axis, the lug portions engage behind 

10 corresponding lug portions of the end fitting, in the 
manner of a gun breech, such that the rotation 
produces progressive axial inward displacement of the 
closure member towards the sealing disc. 

The sealing disc includes a central 
15 deflector spindle extending axially outwardly and 

protruding beyond the outer face of the closure 
member, which the ram mechanism thrusts against, and 
applies deflecting force to the disc, through the load bar. 

Owing to the application of a central axial 
20 loading force by way of the deflector spindle the disc 

is deformed by a predetermined extent, due to the 
reaction force provided at its rim by the annular seat 
portion of the fuel channel. This deflection 
facilitates application or removal of the closure 

2 5 member. 
In the present invention, by mounting the 

load bar on the fuelling machine ram, so as to service 
all of the fuel channels with a single load bar, 
instead of providing a load bar for each closure, as 

30 in prior practice, it has become practical to provide 
a load bar of much greater depth and more massive 
proportions, so as to more completely withstand the 
large forces brought into play in substantially 
unmodulated fashion by the ram of the fuelling 

35 machine, which may exert an axial load in 
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excess of 2000 kilograms. The predetermined disc 
axial deflection requires a predetermined force in 
order to elastically deform the disc. With the simple 
ram mechanism in use there is readily available 

5 sufficient force to apply sufficient load so as to 
plastically deform the disc, which would result in 
ultimate malfunction of the closure. I-Iowever, by use 
of the improved load bar the imposition of even double 
the required axial load by the ram produces a further 

10 deflection of the disc spindle of less than 8%, which 
deflection is still within the elastic limit of the 
disc. 

The excess gross load which may be applied 
by the fuelling machine ram to the load bar spindle is 

15 transferred in large measure to an external seat 
located on the fuel channel end fitting, against which 
bears the outer periphery of the load bar. 

Owing to the enormous diametrical stiffness 
of the improved load bar, once contact between load 

20 bar and external seat is established, the axial 
deflection of the load bar at its centre, where it 
bears against the disc spindle, becomes minimal, so 
that additional deformation of the disc, over and 
above the predetermined desired elastic deformation is 

25 substantially precluded. 
A further advantage of the invention is that 

control of disc deflection resides substantially 
solely in the axial dimensioning of the disc and its 
spindle, relative to the axial distance between the 

30 disc seat and the load bar seat, of the end fitting. 
Operation of the ram/closure combination in 

an opening or in a closing sense relies upon 
application by the ram, acting through the load bar, 
of a compressive force applied against the disc 

35 deflector spindle, to an extent sufficient to 
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elastically dish the sealing disc out of contact with 
the closure means. The pivotal latch of the locking 
means is positively entered within a portion of the 
load bar, thereby withdrawing the latch from the 

5 closure means. The closure means is then free to be 
rotated about its outer axis to the desired locked or 
unlocked position, by way of a pair of fingers 
extending axially from the closure tube and entering 
within respective axial recesses in the end of the 

10 closure means, upon the axial advance of the closure 
tube relative to the charge tube. 

The fingers each include a toe portion 
thereof extending forwardly relative to the opening 
direction of rotation of the closure tube, such that, 

15 when the closure tube - charge tube assembly is 
rotated in a closure opening sense the two toe 
portions of the closer tube fingers enter and engage 
behind the lock plate such that, upon axial relative 
retraction of the closure tube, the toe portions draw 

20 the lock plate and the attched closure means into 
secured relation with the tube, for retention thereby 
and withdrawal of the closure member from the end 
fitting, until replacement and closing of the closure 
means is subsequently effected. Tube locking means 

25 are provided to preclude relative rotation of the 
tubes on withdrawal of the closure means, so as to 
retain accurate angular orentiation of the closure 
means to its end fitting. 

Certain embodiments of the invention are 
30 described, reference being made to the accompanying 

drawings, wherein: 
Figure 1 is a diametrical side view, in 

section of an end fitting, closure and ram combination 
in accordance with the present invention; 
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Figure 2 is a sectional end view taken at 
2-2 of Fig. 1; 

Figure 3 is a section at 3-3 of Fig. 2 
showing a closure finger and recessed housing 

5 therefore in the closure means; and 
Figure 4 is a section at 4-4 of Fig. 1. 
Turning to Figure 1, there is shown a ram 

means 10 positioned in aligned relation with an end 
fitting 12 of a fuel channel (not shown) which extends 

10 axially to the left from the end fitting 12, 
oppositely from the ram means 10. 

It will be understood that the ram means 10 
constitutes a tool which is contained within a chamber 
of a fuelling machine, the snout of the fuelling 

15 machine (not shown) encompassing the end fitting 12 
and being secured in sealing relation thereto. 

The ram means 10 comprises a pair of coaxial 
tubes, an outer charge tube 14 and an inner closure 
tube 16 axially keyed thereto by a key 17, to permit 

20 relative axial displacement therebetwen. 
A load bar 20 having a spindle 22 is carried 

by the ram means 10, being supported in bearings 24 to 
permit relative rotation between the load bar 20 and 
the tubes 14, 16 in which spindle 22 is supported. 

25 A thrust assembly 26 comprises a thrust 
bearing 28 mounted on spindle 22 of the load bar 20. 

A thrust collar 30 located within and 
secured to the closure tube 16 transmits axial thrust 
loads to the thrust bearing 28 from a pusher plate 32 

30 secured to closure tube 16. The pusher plate 32 forms 
part of thrust assembly 26, having a hollow shaft 34 
extending therefrom with a stack of belleville washer 
disc springs 36 thereon and a pusher cap 38 bearing 
thereagainst. The pusher cap 38 is mounted on shaft 

35 40 to which is keyed a detent cage 42 for axial 
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displacement therewith, the detent cage 42 having a 
plurality of detent portions 44 which engage 
corresponding detents 46 located on detent ring 48 
secured to load tsar spindle 22. 

5 The charge tube 14 has a pair of drive 
fingers 50 extending forwardly therefrom for 
interconnection with the closure means 60. The 
fingers 50 are provided with inclined toe portions 51 
to engage the underside of lock plate 80. 

10 The closure means 60 comprises a generally 
cylindrical body portion 62 having a series of 
peripheral lugs 64 in the form of multi-start threads 
of limited angular extent spaced equi-distant about 
the periphery of closure body 62. The end fitting 12 

15 has mating abuttment segments 13 positioned internally 
thereof in the fashion of a gun breech, to receive the 
closure means 60 in axially entered relation 
therepast. On entry into the end fitting 12, rotation 
of the closure means 60 about the polar axis thereof 

20 provides engagement of the lugs 64 with the segments 
13. Continued rotation of the closure means 60 in a 
closing sense produces pitch interaction of the 
inclined lugs and segments, to advance the closure 
means 60 in a leftward sealing direction, towards an 

25 annular seat portion 69 of the end fitting 12. 
A closure disc 70 is interposed between the 

closure body 62 and the seat portion 69 of the end 
fitting 12. Contact between the closure body 62 and 
closure disc 70 occurs at annular rib 61, which is 

30 located radially inwardly of the annular seat portion 
69. 

Closure disc 70 has a central stem 72 
extending therefrom, through a central aperture 63 of 
the closure body 62, with a stem extension 74 entered 
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within an aperture 21 of the load bar 20 to make 
contact with the end thereof. Arcuate portions 23 of 
the load bar 20 can be forced into restrained 
contacting relation with an annular rib portion 15 of 

5 the end fitting 12 by the application of axial 
displacement force to the pusher cap 38. The relative 
axial dimensions of the stems 72 and 74 of disc 70, 
and the relative positions of seat portion 69, and 
other axially interacting component contact faces are 

10 such that before the load bar 20 becomes seated on the 
rib portion 15, the centre of disc 70 will have been 
displaced a predetermined amount so as to input a 
predetermined extent of dishing to the disc 70, to 
provide relief for the rib 61 and so permit the 

15 relatively free rotation of the closure body 62 to a 
predetermined closed position, or to an open position, 
under the action of drive fingers 50. In the latter 
open position the lugs 64 of closure 60 can be 
withdrawn between the adjacent groups of segments 13 

20 of the end fitting 12, for the total removal of 
closure 60 from the end fitting 12, to provide 
unrestricted access to the end fitting 12 by the 
refuelling machine for purposes of inserting or 
removing nuclear fuel. 

25 A lock plate 80 is positioned in axially 
interposed relation between the closure 60 and the 
load bar 20, the lock plate 80 forming part of the 
closure assembly, having the stem 72 of the disc 
passing therethrough, to which the plate 80 is 

30 fastened. 
A pair of pivoted latch fingers 82 carried 

by the lock plate 80 are spring biassed to an inclined 
position, each having a radially outer tail portion 
thereof entered within a mating recess 65 of the 

3 5 closure means 60. A radially inner nose portion of 
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ea ch latch finger 82 is adapted to enter within a 
shaped recess extending as a protrusion from the front 
face of the load bar 20, such that axial advancement 
of the load bar 20 towards pressing engagement with 

5 the disc extension spindle 74 brings the two latch 
fingers 82 into pivotal flush relationship with the 
lock plate 80, thereby positively withdrawing their 
tail portions from the respective recesses 65. This 
withdrawal of the latch fingers 82 permits free 

10 relative rotation betwen the closure means 60 and the 
lock plate 80. 

With rotation of the closure means 60 
relative to the lock plate 80, until such time as a 
recess 65 is present in aligned coincidence with each 

15 of the latch fingers 82, the latches are restrained 
from withdrawing from the load bar 20, thereby 
securing the closure means 60 to the load bar 20, and 
thence to the ram means 10. 

As withdrawal of the ram means 10 and the 
20 load bar 20 takes place, the load bar 20 can move away 

from the closure means 60 to an extent permitted by 
the location of step 51 on the finger 50. The pivoted 
catch fingers 82 are then free to pivot to a 
sufficient extent to engage the recesses 65 in the 

25 lock plate 80 so that the closure means 60 is 
prevented from dropping off the fingers 50. 

The provision of at least one additional 
pair of recesses 65 to the top surface of the closure 
means 60, in an intermediate position, i.e. 

30 intermediate the fully closed and the fully open 
position of the closure means 60, permits the machine 
to insert the closure means 60 to an intermediate 
location wherein, while retaining lugs 64 are 
contained behind the abuttment segments 13 of the end 

35 fitting, the closure means 60 is not exerting full 
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sealing contact with the disc 70. In this condition 
the ram 10 and refuelling machine may be retracted 
clear of the end fitting 12, leaving the end fitting 
in at least a partially closed-off condition. 

5 In operation, the ram means 10 is secured to 
an end fitting 12 by way of a fuelling machine, of 
which the ram means 10 forms an attachment, the 
machine being secured by means not shown to the 
outside of the end fitting 12. 

10 The ram means 10 is positioned in aligned 
relation with the end fitting 12 and in oriented polar 
relation, such that the respective inter-related parts 
are axially aligned in their desired relationship. 

Thus, the forwardly extending latch fingers 
15 82 are free to enter the respective recesses in the 

front face of load bar 20, to be pivoted about the 
axis by the advancing load bar 20 until they lie flush 
with the lock plate 80. 

The drive fingers 50 extending from the 
20 charge tube 14 enter within the recesses 67 in the 

closure 60. 
Advancement of the pusher cap 38 is effected 

by a ram (not shown) which forms a part of 
the fuelling machine. Upon advancement of the pusher 

25 cap 38 the belleville washers are compressed, carrying 
the load bar 20 and the closure tube 16 towards the 
end fitting 12. 

First loading contact takes place as the 
spindle extension 74 is loaded axially by the load 

30 bar, and is caused to deform the disc 70, thereby 
substantially releasing the annular contact face 61 
from the reaction load of the disc 70. 

Rotation of the charge tube 14 about its 
polar axis in an opening sense rotates the closure 60 

3 5 to an unlocked position and brings the toe portions 51 
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of the fingers 50 under the lock plate BO, so that a 
slight retraction of the charge tube 14 locks the 
closure means 60 to the load bar. 

Release of the pusher cap 38 under the 
5 influence of springs 36 brings detents 44, 46 into 

locking relation with each other, so as to hold the 
closure 60 in secured rotationally oriented relation. 

Withdrawal of the ram means 10 rightwardly 
away from the end fitting 12 draws the closure 60 

10 clear of the end fitting- The ram means 10, together 
with the secured closure 60 may then be retracted 
within a magazine portion of the fuelling machine, and 
rotated clear of the fuel channel, to permit the 
performance of associated refuelling operations, prior 

15 to replacement of the closure 60 by reversing the 
sequence of operations. 

In the event that the seat 69 of end fitting 
12 is partially obstructed, so that the disc 70 may 
not fully seat thereagainst, the closure 60 may be 

20 replaced within the end fitting and partially engaged 
thereto, as previously described, so that the ram 
means 10 can be detached, to permit disengagement and 
withdrawal of the refuelling machine. 
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The embodiments of the invention in which an 

exclusive property or privilege is claimed are defined 
as follows: 

1. In a mechanically actuated ram/closure 
5 combination Eor a pressure container, having 

deforinable disc means removeably positioned in 
predetermined sealing relation with a seeit portion of 
the container, withdrawable closure means for 
adjustable attcichment to the container to secure the 

10 disc means in said predetermined sealing relation, 
load bar means to limit the application of axial 
deformation loads against the disc means relative to 
the seat portion, and locking means operable in a 
first position for positively engaging the closure 

15 body in secured relation to said ram, and moveable to 
at least one other position in withdrawn relation with 
the container. 

2. The ram/closure as claimed in Claim .1 
having said load bar means secured to said ram for 

20 travel therewith to permit the servicing of a 
plurality of said closures by a single load bar. 

3. The ram/closure combination as claimed 
in Claim 1, said locking means comprising at least one 
pivotal latch for axial entry in engaging relation 

25 with said ram. 
4. The ram/closure combination as claimed 

in Claim 1, said ram including rotation drive means 
selectively connecting the ram in rotational driving 
relation with said closure means for detachment of the 

30 closure means from said container. 
5. The ram/closure combination as claimed 

in Claim 4, said rotation drive means .including a 
plurality of drive pins carried by said ram and 
extendable axially therefrom into entered relation 

35 within drive recesses of said closure means. 
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6. The ram/closure combination as claimed 

in Claim 5, at least one said drive pin having a toe 

portion thereof engageable with a x^ortion of said 

closure means to preclude withdrawal of the pin and 

5 axial separation occuring between the drive pin and 

the closure when the drive pin is inserted and 

positioned in a closure-opening rotational mode. 

7. The ram/closure combination as claimed 

in Claim 3, said closure means having a generally 

10 cylindrical body with a plurality of multi-start lug 

segments spaced about the periphery thereof for 

insertion in threaded relation with corresponding 

segments forming a portion of the wall of said 

container, said segments having a lead angle to 

15 produce axial displacement of said closure means on 

the application of relative polar rotation between the 

closure means and the container. 

8. The ram/closure combination as claimed 

in Claim 7, said locking means including a lock plate 

20 secured in diametrically extending relation across the 

outer face of said closure means, having said latch 

pivotally secured thereto for entry of spaced, 

portions thereof in locking relation with said closure 

body and with said ram, for selectively securing said 

25 lock plate to said ram while freeing said closure body 

for rotation thereof relative to said lock plate. 

9. The ram/closure combination as claimed 

in Claim 8, said closure body having at least one 

recess therein to permit positive pivotal displacement 

30 of said latch in entering locking relation with said 

ram. 

10. The ram/closure combination as claimed 

in Claim 9, said closure body having a plurality of 

said recesses therein, including an intermediate said 

35 recess located relative said lock-plate to permit 

locking of said closure in an intermediate rotational 
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Claim 10 continued: 
position having said lug segments engaged by said 
container segments, and permitting withdrawal of said 
ram from said closure. 
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