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[57] ABSTRACT 

A nuclear fuel handling powder container especially 
suitable for conveying nuclear fuel in powder form 
consisting of air-tight vacuum load/unload containers 
used in an overhead rail system and incorporating 
structure and means for inducing the extremely heavy 
and active powdered metal to flow from the container. 
A discharge hopper is incorporated which virtually 
eliminates any bridging or plugging beneath an aerat-
ing vane which serves as a feeder vane for the material 
and means are provided to prevent atmospheric air 
from entering or dust from leaving the container while 
vacuum lines for loading or unloading the container 
are being attached or withdrawn. 

8 Claims, 7 Drawing Figures 
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NUCLEAR FUEL HANDLING POWDER 
CONTAINER 

BACKGROUND OF THE INVENTION 

A method of conveying nuclear fuel in powder form 
by means of airtight vacuum load/unload containers on 
an overhead rail system is known. Problems have been 
encountered, however, in inducing the extremely heavy 
and active powdered metal to flow from the container 
used in such a method and system, while loading of the 
units is relatively satisfactory, discharge from the con-
tainer presents problems due to the inherent character-
istics of the powder, particularly after milling, and con-
sists primarily of: a tendency of the material to pack 
and refuse to flow in the absence of some form of in-
ducement; after flow is started, the material tends to 
move in large, irregular masses which overrun and plug 
pneumatic conveyors, particularly at the pickup point; 
and the material must be prevented from coming in 
contact with ambient atmosphere at any time due to 
moisture restrictions. 

The present invention provides a solution to these 
previously existing problems. 

SUMMARY OF THE INVENTION 
The present invention consists in a nuclear fuel pow-

der handling container of a type used in a method of 
conveying nuclear fuel in powder form by means of air-
tight vacuum load/unload containers on an overhead 
rail system wherein the design and structure are capa-
ble of inducing the extremely heavy and active pow-
dered materials to flow from the container. These char-
acteristics are primarily the result of an aerating vane 
in the container which forms a chamber for introducing 
high pressure dry air into the material thereabove in 
order to break up masses of the material, fluidize it and 
cause it to fall upon the vane, means additionally being 
provided for vibrating the vane which additionally 
serves to feed the vacuum pick-up point therebelow. 
The discharge hopper is so designed and shaped as to 
virtually eliminate any bridging or plugging below the 
aerating vane. 

Additional objects and advantages of the invention 
will be more readily apparent from the following de-
tailed description of an embodiment thereof when 
taken together with the accompanying drawings in 
which: 

FIG. 1 is a side elevational view of an embodiment of 
the invention; 

FIG. 2 is an end elevational view tken at right angles 
to FIG. 1; 

FIG. 3 is an enlarged fragmentary detailed sectional 
view taken along line 3—3 of FIG. 2, detailing structure 
of the lower hoppered or discharge end of the appara-
tus; 

FIG. 4 is an enlarged detailed fragmentary eleva-
tional view, parts being broken away, similar to FIG. 3 
and at right angles thereto; 

FIG. 5 is a horizontal sectional view taken along line 
5 - 5 of FIG. 3; 

FIG. 6 is a horizontal detailed sectional view taken 
along line 6—6 of FIG. 3; and 

FIG. 7 is a sectional view of a quick disconnect valve 
employed with the present invention. 

Referring now in detail to the drawings there is 
shown, for illustrative purposes only, an embodiment of 
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the invention consisting of a 300 pound, 10 inch diame-
ter, vacuum load and discharge U 0 2 powder container 
adapted for use in the method of conveying nuclear 
fuel in powder form by means of airtight vacuum load-

5 /unload containers on an overhead rail system. 
The container generally designated 10 is of generally 

cylindrical configuration with a coacting top lid 12 and 
adapted for use with a vacuum lid and filter air-motor 
arrangement to be provided by a user and with valve 

10 connection 14, incorporating valve 16 of a type herein-
after described for connection to a vacuum line. A fill 
vent connection 18 opens into the interior of container 
10 and is appropriately valved as at 20. A discharge 
hopper 22 is connected to the bottom of container 10 

15 by means of bolted flanges at 24. 
Four pneumatic vibrators 26 are connected along the 

side of container 10 and are placed in series by rubber 
hose sections 28, schematically shown, or the like, with 
air from one exhaust port entering the inlet of the next 

20 vibrator. Quick disconnect attachments at each station 
can be connected to plant air or the like. Adjustment 
of the air supply to each vibrator can be used to obtain 
a variation in frequency at each level to thus produce 
a more uniform feed and minimize packing. A dis-

25 charge line 30 is connected into the bottom of dis-
charge hopper 22. A conical feeder vane 32 is provided 
interiorally at the bottom of the container. The conical 
section is hollow and forms a chamber 34 for introduc-
ing high pressure dry air into the material thereabove 

3 0 through air pads or openings 36 with the air flow there-
through being indicated by arrows 38. The air pads are 
formed preferably from porous stainless steel filter ma-
terial. The air is admitted from a source thereof 
through hose or tubing 40 via quick disconnect fittings 

3^ 42 and valves 44 into and through a hollow stem 46 ex-
tending through a double O-ring gland. Air preferably 
is admitted in periodic high velocity jets of short dura-
tion in order to break up the masses of material, fluid-
ize it, and cause it to fall upon the vane. In addition to 

4 0 the air jets, the vane is also provided with the capability 
of vibrating in order to feed the vacuum pick-up point 
therebelow. Vibration is effected by a pneumatic vibra-
tor generally designated 48 and control valye 50 
mounted on a cantilever bracket or the like on the out-
side of the container. Variation in feed rate of material 
from the container can be adjusted by adjusting air flow 
through the vibrator or adjusting the position of the 
vane in respect to the conical hopper section in the dis-
charge hopper as appears hereinafter. 

The material flowing past the vane 32 into the dis-
charge hopper 22 trickles into the vacuum pick-up 
point at a uniform rate. The material will be free flow-
ing at this point due primarily to the shape of the hop-

5 5 per. The hopper 22 has an upper conical section 52 
which merges to and forms a transition to a four sided 
shape at 54 which comprise faired sections or sides in-
dicated at 56 (FIG. 6). The sides thus form a faired 
chute and the most shallow chute side is approximately 

6 0 30°, indicated at 58 and is provided with a small vibra-
tor or wrapper 60. This wrapper or vibrator acts on the 
face to form a slide path, in effect on a main slide path, 
into and through the hopper to the discharge outlet. 
Action of vibrator 60 is controlled by valve 62 con-

6 5 nected to plant air. The air flow into and through the 
vane 32 serves to lift the cone from the full line position 
shown in FIG. 3 to the phantom line position indicated 
at 32A and in conjunction with the vibration controls 
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flow of material from the container into the discharge Manifestly, minor changes in details can be effected 
hopper 22. Conveying air into the vacuum pick-up is without departing from the spirit and scope of the in-
controlled by the regulating valve in the dry air lines. vention as defined in and limited solely by the ap-
A support for the vane 32 is provided by cross member pended claims. 
64. 5 We claim: 

Preferably each flanged connection is sealed by two 1. A nuclear fuel handling powder container com-
concentric O-rings with a sealant groove between con- prising: 
nections for admitting sealant without dismantling the A. a hollow container body; 
joint. Sealant material can be either a silicone or teflon B. a powder inlet opening in said body proximate the 
compound. 10 top thereof; 

Additionally, at each tubing connection a socket with C. a powder discharge hopper at the bottom of said 
O-ring and set screw for locking the tubing in place is body; 
provided as a minimum provision for sealing the con- D. a hollow conical shaped powder feeder vane hav-
tainer. The socket can be closed with a tubing size plug ing openings therethrough mounted in said body 
during handling and storage although it is recom- 15 above said discharge hopper and forming a powder 
mended that in addition to the plug a valve be provided feed passage therebetween and said body into said 
at each connection. At the vacuum nozzle a standard discharge hopper; 
vacuum service ball valve has been found to be ade- E. aerating means for passing air under pressure 
quate. Where material flows through the nozzle, how- through said openings in said feeder vane into pow-
ever, a special valve as shown in FIG. 7 is provided. The 20 der thereabove to break up masses of the material, 
valve generally designated at 66 essentially is a full- fluidize the material, and cause it to fall upon siad 
bore lift plug valve with a rubber lined core. The plug vane and pass into said discharge hopper; 
body 68 is operatively connected in discharge line 30 F. means for vacuumizing said body interior to in-
and is shown in FIG. 7 in the closed position. The plug duce powder flow from a source into the container; 
body 68 has opening 70 therethrough. To open the 25 
valve for flow therethrough the plug 68 is lifted by stem G. vacuum operated powder withdrawal means oper-
72 and handle 74 and rotated 90° to an open position. atively connectable with said discharge hopper for 
Use of this valve eliminates or minimizes the need for withdrawal of powder material therefrom; 
special enclosures at loading and unloading stations. It H. valve means for controlling powder inlet and out-
additionally eliminates leakage caused by removing 3 0 let flow to and from said container, said valve in-
closure plug 76, which coacts with O-ring 78 for do- eluding: 
sure purposes, for inserting the tubing. In operation the i. a valve body having inlet and outlet powder flow 
plug 68 is in position and closed and plug 76 is in posi- conduits of cylindrical configuration; 
tion. The plug is removed and tubing is inserted past ii. a plenum chamber in said valve body intercon-
the O-ring. The valve core body 68 is then lifted and 3 5 necting said inlet and outlet passages; 
turned to full open position. The tubing end is thrust iii. a plug body having an opening therethrough of 
through the core flow bore 70 and butted against the the same size as said passageways; and 
tubing end on the container side of the valve, thus ere- iv. said plug rotatable in sid plenum chamber to in-
ating a smooth uninterrupted conduit for conveying tercommunicate said passageways for material 
material either into or out of the container. The process 4 0 flow therethrough or alternatively close the pas-
is reversed for removing the tubing. sageway openings into said plenum chamber to 

A sequence of operation would consist in loading discontinue flow therethrough, 
with the container empty and all valves closed. The 2. A nuclear fuel handling powder container as 
plug is removed from the inlet valve and turned to open claimed in claim 1 and vibrating means associated with 
position for connection to the tubing. The vacuum is 4 5 said vane to facilitate flow of powder therearound into 
initiated to pull vacuum on the container and powder the vacuum pickup point in said discharge hopper, the 
will then enter the container. When a desired amount rate of vibration and the position of the vane in respect 
has entered, the vacuum unit is stopped and plug valve to the discharge hopper being adjustable for controlled 
closed, the tubing removed and the cap replaced and variation in feed rate of material from the container, 
locked. For discharge with a full container all valves 3. A nuclear fuel handling powder container as 
are closed and the discharge tubing is connected into claimed in claim 2, said powder discharge hopper in-
the discharge valve in a manner described above. The eluding an upper conical section inwardly tapering 
vacuum line is connected to a vacuum source to vent from the inner cylindrical wall of said container body 
dry air admitted to the container. The vibrator air lines 5 5 and merging to and forming a transition to a four sided 
are connected using the quick disconnect pipe cou- faired chute including faired sides and defining a main 
plings and dry air supply is connected through the noz- slide path for material therethrough to the discharge 
zles and the supply regulated at low pressure where- outlet. 
upon the power unit is started to pull powder out of the 4. A nuclear fuel handling powder container as 
container hopper. The vibrators are actuated. Should 6Q claimed in claim 3, wherein the sides forming a faired 
plugging occur in the container pressure is increased chute include a most shallow chute side at an angle of 
and admitting short bursts of dry air through filter pads approximately 30° and a vibrator on said shallow chute 
and into the powder. Severe plugging in the container side to facilitate controlled flow of material from the 
can be controlled by increasing pressure and briefly ad- container into the discharge hopper, 
mitting short bursts of dry air around the periphery of 6 5 5. A nuclear fuel handling powder container as 
the vane and down through the discharge line. Wlien claimed in claim 4, including a plurality of pneumatic 
the container is empty the initial condition is restored. vibrators connected along the side of said container 

and being connected in series, and adjustable air supply 
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means for each vibrator operable to obtain a variation 
in frequency at the level of each said vibrator to pro-
duce a more uniform feed and minimize packing of 
powder therein. 

6. A nuclear fuel handling powder container as 
claimed in claim 1, said plenum chamber and said plug 
body being of truncated conical mating configurations 
for sealing engagement of the plug body in said plenum 
chamber, said plug body being axially displaceable with 
respect to said plenum chamber to permit said rotation 
thereof to open and closed positions, said passageways 
and said opening respectively being sized to permit pas-
sage therethrough of discharge conduits for the pow-
der, and a plug valve insertable in a said passageway for 
closure thereof. 

7. A nuclear fuel handling powder container com-
prising: 

A. a hollow container body; 
B. a powder inlet opening into said body proximate 

the top thereof; 
C. a powder discharge hopper at the bottom of said 

body; 
D. means for vacuumizing said body interior to in-

duce powder flow from a source into the container; 

E. vacuum operated powder withdrawal means oper-
atively connectable with said discharge hopper for 
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withdrawal of powder material therefrom; 
F. valve means for controlling powder inlet and out-

let flow to and from said container, said valve in-
cluding: 

5 i. a valve body having inlet and outlet powder flow 
conduits of cylindrical configuration; 

ii. a plenum chamber in said valve body intercon-
necting said inlet and outlet passages; 

iii. a plug body having an opening therethrough of 
10 the same size as said passageways; and 

iv. said plug rotatable in said plenum chamber to 
intercommunicate said passageways for material 
flow therethrough or alternatively close the pas-
sageway openings into said plenum chamber to 

15 discontinue flow therethrough. 
8. A nuclear fuel handling powder container as 

claimed in claim 7, said plenum chamber and said plug 
body being of truncated conical mating configurations 
for sealing engagement of the plug body in said plenum 

20 chamber, said plug body being axially displaceable with 
respect to said plenum chamber to permit said rotation 
thereof to open and closed positions, said passageways 
arid said opening respectively being sized to permit pas-
sage therethrough of discharge conduits for the pow-

25 der, and a plug valve insertable in a said passageway for 
closure thereof. 
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