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[57] 	 ABSTRACT 

An apparatus for transferring objects from a first region 
to a second region, the first and second regions having 
differing atmospheric environments. The apparatus 
includes a shell having an entrance and an exit, a con-
veyor belt running through the shell from the entrance 
to the exit, and a horizontally mounted "revolving 
door" with at least four vanes revolving about its axis. 
The inner surface of the shell and the top surface of the 
conveyor belt act as opposing walls of the "revolving 
door." The conveyor belt dips as it passes under but 
against the revolving vanes so as not to interfere with 
them but to engage at least two of the vanes and define 
thereby a moving chamber. Preferably, the conveyor 
belt has ridges or grooves on its surface that engage the 
edges of the vanes and act to rotate the vane assembly. 
Conduits are provided that communicate with the inte-
rior of the shell and allow the adjustment of the atmo-
sphere of the moving chamber or recovery of constitu-
ents of the atmosphere of the first region from the mov-
ing chamber before they escape to the second region. 

20 Claims, 3 Drawing Sheets 

Ascend v. Duesenfeld 
IPR2024-00948 

Ex. 2035-001



U.S. Patent 	Apr. 11, 1995 	Sheet 1 of 3 	5,405,231 

ri
2--T~ 

19 	
>D 

2-~ 

r0 	 ~■~ 	 •~ 

/ 0 	 _  

 0  
"II - 	(  

________________ 	 ______________I: 

of 	 i 

Duesenfeld Ex. 2035-002



U.S. Patent 	Apr. 11, 1995 	Sheet 2 of 3 	5,405,231 

Duesenfeld Ex. 2035-003



p 
-., 

32 

52 

U.S. Patent 	Apr. 11, 1995 	Sheet 3 of 3 	5,405,231 

u 

Duesenfeld Ex. 2035-004



5,405,231 
1 2 

for transporting particulate materials. Abel (U.S. Pat. 
CONVEYOR WITH ROTARY AIRLOCK No. 5,049,007) describes such a conveyor, wherein the 

APPARATUS free edges of the flights seal against a planar sealing 
surface located above and parallel to the conveyor belt. 

BACKGROUND OF THE INVENTION 5 In the metering surge bin airlock disclosed by Hamilton 
1. Field of the Invention (U.S. Pat. No. 4,122,003), the flights are attached to a 
The present invention relates to an apparatus for conveyor belt that extends from a surge bin to a head 

transferring objects from a first region to a second re- drum. An arcuate member is disposed about the head 
gion, the first and second regions having differing atmo- drum, such that the inner surface of the member forms 
spheric environments. In particular, the present inven- 10  a seal with the material carded by the conveyor so that 
tion relates to an apparatus that enables movement of a air cannot flow between the material and the member. 
series of objects into and out of a region having a differ- These devices are not suitable for transporting items 
eat atmospheric condition while minimizing the escape between regions of substantially differing atmospheres. 
of the atmosphere of that region. The United States Both devices release the transported materials to fall 
Government has rights in this invention pursuant to 15  into a container, pneumatic separator or the like. Frag- 
Contract No. DE-AC09-89SR18035 between the U.S. ile objects may be damaged by the impact of the fall. 
Department of Energy and Westinghouse Savannah Also, it is difficult or impossible to track individual 
River Company. objects passing through such a device. 

2. Discussion of Background Rotary devices are also used for transferring objects 
There are many instances where two regions are 20  or particulate materials between two regions. Revolv- 

separated by a barrier but a passageway is formed in the ing doors are, of course, well known for controlling the 
barrier so that objects or people can pass through. If the flow of air coming through the door in both directions. 
atmospheric conditions—temperature, pressure, atmo- A revolving door consists of a curved housing with a 
spheric constituents—of one region are different from vertical axis and openings on opposite sides. Vanes with 
those of the other, movement of objects or individuals 25 the axis lying in the same plane radiate from the axis and 
may be controlled to minimize, if not avoid, the blend- seal against the inner surfaces of the cylinder as they 
ing of the atmospheric conditions of the two zones. revolve about that axis. When the vanes are fixed in 

The simplest example of this situation is a door that position, flow stops completely. Magnani (U.S. Pat. No. 
can be closed after a person enters or leaves a building 4,225,900)  provides a safety device that makes possible 
that is heated or air conditioned. The door may be made 30 the normal flow of persons past a fixed revolving door. more elaborate to assure that the loss of energy associ-
ated with heating and air conditioning is minimized: the 
door may be self closing or may be a revolving door. welding system that includes a housing for a welding 

A more complex type of passageway is an airlock station and a revolving door-type turntable for moving 

which is in effect a room between two regions wherein 35 workpieces into and out of the housing. 

the atmospheric conditions are adjusted to match the Rotary feeders with generally horizontal axes are also 

region to which the object or person is going from that known. In these devices, materials enter the feeder 

of the region whence it comes. through an inlet and are transported to an outlet by the 
The degree of difference between the two regions revolving vanes, as in the devices shown by Fischer 

dictates in part the level of effort required to limit or 40 (U.S. Pat. No. 4,179,043) and Ruiz (U.S. Pat. No. 
prevent blending of atmospheres. 3,556,355). Thompson (U.S. Pat. No. 2,551,981) pro- 

In manufacturing and testing, there are processes that vides a conveyor mechanism with two such rotary 
require materials and objects to be passed between re- feeders, the first receiving material at the inlet and drop- 
gions of differing temperatures or pressures, or between ping the material onto a conveyor, the second receiving 
regions having atmospheres of different compositions. 45 material that is dropped from the conveyor and dis- 
In some applications, it is sufficient to limit the tree charging the material at the outlet. 
movement of atmosphere between two regions, while in In all of these rotary devices, materials are trans- 
other applications it is important to prevent cross-con- ported through a stationary shell by the action of the 
tamination between the regions. Similar situations are revolving vanes. Typically, materials fall into the inlet, 
encountered in space and undersea exploration, in air- 50 are moved to the outlet by the vanes, and fall out of the 
supported structures such as athletic stadiums, and in device at the outlet. As in the conveyors described 
the construction industry when temporary air-sup- above, materials are scrambled by passage through the 
ported formwork is used. device, and fragile objects may be damaged by the 

Many manufacturing processes run continuously, impact of the fall. 
with materials being processed in generally steady 55 	An apparatus that permits more nearly continuous 
streams rather than in discrete batches. Because of the flow of materials and objects therethrough, while sub- 
need for repeated cycling, an airlock is inherently a stantially preventing different atmospheres on its oppo- 
batch device and unsuitable for continuous processes. If site sides from mixing or while maintaining a pressure 
airlocks are used in such processes, materials or parts difference between two regions, would be useful in 
must be collected into batches for passage through the 60 many manufacturing and testing processes. Preferably, 
airlock, then dispersed again on its further side. Thus, the orientation and relative position of materials and 
airlocks are bottlenecks in any otherwise continuous or objects would be maintained during passage through 
nearly continuous process. the apparatus. 

Moving objects generally, whether between two 
regions or otherwise, usually entails a conveyor. These 65 	SUMMARY OF THE INVENTION 

might be used in combination with other structures for In accordance with its major aspects and broadly 
controlling the movement of material. For example, stated, the present invention is the combination of a 
conveyors with outwardly-projecting flights are used cylindrical shell having an entrance and an exit, a con- 
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veyor belt running through the shell from its entrance 
to its exit, and a vane assembly or horizontally-mounted 
"revolving door" in the shell. The vane assembly com-
prises an assembly of four or more vanes revolving 
about a common axis, each vane extending along that 5 
axis and radially from that axis to the shell. The edges of 
the vanes of the vane assembly, as it rotates, engage the 
top surface of the conveyor belt, which acts as one side 
of the "doorway", and the interior surface of the shell, 
which acts as the other side of the "doorway." In a 10 
preferred embodiment, the vane assembly is turned by 
grooves or ridges on the top surface of the conveyor 
belt. 

The conveyor belt runs horizontally through the first 
to the second openings of the shell, dipping as it passes 15 
under but against the revolving vanes so as not to inter-
fere with them but to engage at least two of them. The 
vanes engaging the top surface of the conveyor belt and 
the inside surface of the shell define moving chambers 
temporarily sealed against the atmospheres of the first 20 
and second regions, one chamber isolating each object 
as it passes from one region to the other. Disks attached 
to the shell carry conduits into communication with the 
moving chambers and enable replacement or adjust-
ment of the atmosphere of the chambers as they move. 25 
The adjustment may be to assure a transition from the 
first region to the second or to recover a constituent of 
the atmosphere of the first region before it reaches the 
second region. These chambers limit blending of atmo-
spheric conditions or loss of those conditions from the 30 
second region to the first. 

A major feature of the present invention is the coop-
eration of the shell, the vane assembly, the conveyor 
belt and the end disks. By this cooperation, individual 
objects can be conveyed continually from the first re- 35 
gion to the second while loss of the atmospheric charac-
teristics of the second region to the first, or vice versa, 
is reduced. 

An important feature of the present invention is the 
interaction of the conveyor and the vanes of the vane 40 
assembly. Specifically, the conveyor dips to go around 
but still engage two or more vanes and thereby to seal 
the moving chambers. Also, the edges of the vanes 
engage, in the preferred embodiment, ribs or grooves in 
the conveyor that turn the vane assembly. The ridges or 45 
grooves also help to seal the moving chambers and 
minimize blending of the atmospheres of the two re-
gions. Moreover, by having the conveyor belt rotate 
the vane assembly, the design of the apparatus is simpli-
fied, slippage of the assembly with respect to the belt is 50 
avoided, and the physical separation of the objects 
being conveyed is better maintained. 

Another important feature of the present invention is 
the connections into the chambers formed by the re-
volving vanes, the end disks, the shell and the conveyor. 55 
Connections through the end disks or the shell enable 
fluid communication with the chambers for adjustment 
or replacement of the atmospheric characteristics, such 
as for recovery of constituents of one of the regions 
before they enter the other region, or adding constitu- 60 
ents, or modifying the temperature or pressure. Espe-
cially where one region has a hazardous constituent or 
where a test gas is present in one atmosphere, being able 
to limit or prevent the loss of the hazardous constituent 
or test gas is an important advantage of the present 65 
apparatus. 

Other features and advantages of the present inven-
tion will be apparent to those skilled in the art from a 

4 
careful reading of the Detailed Description of a Pre-
ferred Embodiment presented below and accompanied 
by the drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the drawings, 
FIG. 1 is a cross-sectional view of an apparatus ac-

cording to a preferred embodiment of the present inven-
tion; 

FIG. 2 is a cross-sectional view through the line 2-2 
of FIG. 1; 

FIG. 3 is a cross-sectional view of an apparatus ac-
cording to another preferred embodiment of the present 
invention; 

FIG. 4 is a perspective view of the apparatus of FIG. 
1; 

FIG. 5a is a detail view of the apparatus of FIG. 1, 
showing a conveyor belt according to the present in-
vention; 

FIG. 5b is an alternative embodiment of the conveyor 
belt of FIG. 5a; 

FIG. 5c is an alternative embodiment of the conveyor 
belt of FIG. 5a; and 

FIG. 6 is a cross-sectional view of a more complex, 
multistage airlock assembly using the apparatus of FIG. 
1. 

DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT 

In the following description, similar components are 
referred to by the same reference numeral in order to 
simplify the understanding of the sequential aspect of 
the drawings. 

Referring now to FIG. 1, there is shown a cross-sec-
tional view of an apparatus according to a preferred 
embodiment of the present invention. An apparatus 10 
includes a vane assembly 12, a concave shell 14 and a 
conveyor assembly 16. Vane assembly 12 is positioned 
at a first opening 18 in a wall 20. Conveyor assembly 16 
runs through opening 18 beneath vane assembly 12, and 
returns through a second opening 22. Wall 20 forms a 
barrier between two regions 24 and 26. Regions 24 and 
26 may have different ambient conditions, such as dif-
ferent temperatures, pressures, atmospheres and so 
forth. 

Vane assembly 12 has a generally cylindrical shaft or 
hub 30 carrying at least four vanes 32. Vanes 32 extend 
axially across shaft 30 so that the outer edges of the 
vanes reach opening 18. Shaft 30 has an axis 34 that 
extends across opening 18. Alternatively, shaft 30 may 
be omitted and vanes 32 joined together at axis 34. The 
outer edges of vanes 32 carry gaskets 36 of any shape 
capable of forming substantially gas-tight seals against 
shell 14 and conveyor assembly 16. Shaft 30, vanes 32 
and gaskets 36 are made of materials that are flexible, 
resilient, durable, and substantially impermeable to 
gases, such as a rubber or rubberized plastic. Shaft 30 (if 
present) and vanes 32 may be metal, or some durable 
ceramic or plastic material that is suitable for use in the 
operating environment of apparatus 10. 

Shell 14 has an outer surface 40 attached to wall 20 at 
opening 18, and an inner surface 42 that engages gaskets 
36 of vane assembly 12. Shell 14 is disposed above vane 
assembly 12, and positioned so as to engage revolving 
gaskets 36 so that gaskets 36 form sliding seals against 
inner surface 42. Therefore, the radius of curvature of 
shell 14 is approximately equal to the radius of vane 
assembly 12, indicated in FIG. 1 by radius 44. If desired, 

Duesenfeld Ex. 2035-006



5,405,231 5  6  

inner surface 42 may be coated with a material having a The circumferential length of shell 14 and arc 54 is 
low coefficient of friction, such as TEFLON ®, to sufficiently long that, at any position of vanes 32, at least 
facilitate the sliding gaskets 36. two opposing vanes form a barrier between regions 24 

Conveyor assembly 16 is positioned to run beneath and 26. Preferably, shell 14 and arc 54 have circumfer- 
vane assembly 12. Conveyor assembly 16 includes a 5 ential lengths at least equal to the width of two cham- 
conveyor belt 50, consisting of a flat belt such as are bers 56, and vane assembly 12 has a sufficient number of 
known in the art. Belt 50 may be made of rubber, fabric- vanes 32 so that at least one chamber 56 and at least one 
reinforced rubber or similar material, further rein- chamber 58 are sealed off from regions 24 and 26 at any 
forced, if desired, with stiff transverse ribs. Belt 50 is rotary position of the vanes. 
supported by a plurality of rollers 52 and/or by sliding 10 If desired, an apparatus such as apparatus 10 can be 
guides (not shown). used to control the atmosphere in chambers 56 and 58 as 

As belt 50 passes through first opening 18, it dips to vanes 32 revolve between region 24 and region 26. By 
form a concave arc 54 directly beneath and in contact way of example, if apparatus 10 represents a revolving 
with revolving vanes 32. As with shell 14, the radius of door positioned between two regions 24 and 26 of dif- 
curvature of arc 54 is approximately equal to the radius 15 ferent temperatures, shell 14 and arc 54 cooperate to 
of vane assembly 12, indicated in FIG. 1 by radius 46. form a generally cylindrical chamber with a first open- 
Arc 54 is shaped and positioned so that gaskets 36 form ing 80 and a second opening 82 (FIG. 1). A quantity of 
seals against belt 50 as each gasket in turn moves into the atmosphere in region 24 is swept into vane assembly 
contact with belt 50. As will now be evident, vane 12 as vanes 32 revolve through the region, and trans- 
assembly 12 forms a horizontally-mounted "revolving 20 ferred to region 26. Similarly, a quantity of the atmo- 
door" in opening 18, with conveyor belt 50 and shell 14 sphere in region 26 is transferred to region 24 by the 
acting as opposing walls of the "doorway." action of moving vanes 32. 

A first gasket 60 is set in first opening 18 of wall 20. To prevent transfer of gas between regions 24 and 26 
Gasket 60 makes a substantially airtight seal against belt and help maintain the atmospheric conditions in the two 
50 as it moves through opening 18. Since belt 50 is 25 regions, the pressure, temperature or composition of the 
preferably a continuous belt, and thereby forms a closed atmospheres in moving chambers 56 and 58 may be 
loop, it must pass through wall 20 twice, to carry ob- adjusted via holes 74 and conduits 76. The pressure may 
jects from region 24 to region 26 (or vice versa) and to be adjusted by adding or withdrawing air (or some 
return in the opposite direction. If belt 50 is loaded on other gas), the temperature by adding heated or cooled 
its return path, a second apparatus such as apparatus 10 30 air, and the composition by adding or withdrawing 
will be needed, positioned at second opening 22. If belt constituents of interest. For example, conduits 76 may 
50 is not loaded on its return path, a second gasket 62, be used to supply cooled or heated air to chamber 56 
set in second opening 22, makes a substantially airtight and/or chamber 58. Alternatively, conduits 76 may 
seal against belt 50 as it moves through the opening. recover a portion of cooled (or heated) air from cham- 

A cross-sectional view of apparatus 10 through line 35 ber 56 or chamber 58 as vanes 32 sweep air from region 
2-2 of FIG. 1 is shown in FIG. 2. Vane assembly 12 24 to region 26 (or vice versa). 
includes a pair of end disks 70, 70' attached to shell 14 A cross-sectional view of another preferred embodi- 
and wall 20, centered on axis 34. Disks 70, 70' have ment of a vane assembly according to the present inven- 
bearings or pivots 72, 72' on which shaft 30 turns. Gas- tion is shown in FIG. 3. A vane assembly 100 has a shaft 
kets 36 of revolving vanes 32 form sliding seals against 40 102 having an axis 104 and carrying at least four radial 
shell 14, conveyor belt 50, and disks 70, 70'. If desired, vanes 106. Alternatively, shaft 102 is omitted and vanes 
one or more holes 74 may be formed through disks 70, 106 meet at axis 104. The outer edges of vanes 106 carry 
70' or shell 14. Holes 74 connect with conduits 76, lead- gaskets 108. Shaft 102 revolves on a pair of beatings 110, 
ing to equipment (not shown) for adjusting the pressure, 110'. A pair of end disks 112, 112' is attached to shaft 
temperature and/or composition of the atmosphere in 45 102 and vanes 106, one disk at each end of shaft 102. 
apparatus 10. Conduits 76 can be used in conjunction Gaskets or seals 114, 114' are attached to wall 20, 
with the adjustment of atmospheric conditions in the positioned in first opening 18 so that disks 112, 112' slide 
chambers as assembly 10 rotates. against gaskets 114, 114' to seal opening 18 as vane 

During operation of apparatus 10, vane assembly 12 assembly 100 revolves. Vane assembly 100 is similar to 
cooperates with shell 14, conveyor assembly 16 and end 50 vane assembly 12 as illustrated in FIGS. 1 and 2, except 
disks 70, 70' to limit blending of the atmospheres of that disks 112, 112' are made parts of the assembly 
regions 24 and 26. As vanes 32 revolve, adjacent vanes rather than being attached to wall 20 as are disks 70, 70' 
32 temporarily form a moving chamber 56 as the vanes of vane assembly 12. 
move past shell 14. Chamber 56 is sealed off from re- In operation, revolving vanes 32 of vane assembly 12 
gions 24 and 26 as gaskets 36 engage disks 70, 70' and 55 (or vanes 106 of vane assembly 100) engage shell 14 and 
inner surface 42 of shell 14. Similarly, adjacent vanes 32 conveyor belt 50 to seal off region 24 from region 26, as 
temporarily form at least one moving chamber 58 as the best seen in FIG. 4. Belt 50 carries a series of objects 86, 
vanes move in contact with conveyor belt 50. Chamber each object in turn transferred into a moving chamber 
58 is sealed off from regions 24 and 26 by adjacent vanes 58 formed by belt 50, end disks 70, 70' and two adjacent 
32, belt 50 and disks 70, 70'. As a result, air cannot pass 60 vanes 32. Objects 86 are transported through apparatus 
directly from region 24 to region 26, and any difference 10 by moving belt 50, emerging from apparatus 10 in the 
in pressure between the regions will not cause vanes 32 same order they had on entering the apparatus. 
to revolve since the forces on both sides of vane assem- Apparatus 10 operates continuously, so materials and 
bly 12 are equal. If desired, the pressure, temperature objects carried by belt 50 are moved continually 
and/or composition of the atmosphere in moving cham- 65 through the apparatus rather than in discrete batches as 
bers 56 and 58 is adjusted via holes 74 and conduits 76 in a conventional airlock. Therefore, the apparatus is 
while the chambers are sealed off from regions 24 and suited for use in conjunction with continuous manufac- 
26. turing or testing processes. Objects 86 leave apparatus 
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10 in the same order in which they enter the apparatus, shown in FIG. 6. Apparatus 180 and apparatus 182 are 
so identification based on their relative position on mov- similar to apparatus 10, with vane assemblies such as 
ing belt 50 is possible. vane assembly 12 or vane 100 described above. 

The speed of conveyor belt 50 is adjusted to match Apparatus 180 and apparatus 182 are separated by 
the process rate. However, chambers 56 may contain 5 region 160. Therefore, the transition between regions 
more than one object, depending on the dimensions of 152 and 154 may be controlled by providing an interme- 
apparatus 10, the size of the objects to be moved be- diate atmosphere in region 160. Region 160 may, for 
tween regions 24 and 26, and the nature of the process. example, be purged continuously with an inert gas to 

If desired, a plurality of transverse ridges may be prevent cross-contamination between regions 152 and 
formed on the surface of conveyor belt 50, or strips of 10 154, evacuated, or otherwise held at the desired transfer 
a suitable sealing material may be attached to the belt in conditions. 
order to mark out the areas of contact with gaskets 36. An apparatus according to the present invention is 
To ensure that vanes 32 of vane assembly 12 engage belt continuously-operating rather than batch-operating: 
50, end disks 70, 70' of vane assembly 12 may engage objects are passed continuously or nearly continuously 
belt 50, such as through a chain-and-sprocket arrange- 15 through apparatus 10 rather than in discrete batches. 
ment or other means known in the art. End disks 112, Therefore, the apparatus is suited for use in conjunction 
112' of vane assembly 100 may engage belt 50 in a simi- with continuous manufacturing or testing processes, 
lar fashion, including but not limited to the method for leak-testing 

The direction of motion of vane assemblies 12 and packages described in commonly assigned patent appli- 
100 is such that, when the vanes engage belt 50, the 20 cation Ser. No. 08/070,196, (Detecting Small Holes in 
vanes move with belt 50. Turning now to FIG. 1, if Packages, Case No. 78,199), filed Jun. 2, 1993, the dis- 
vane assembly 10 (or vane assembly 100) revolves in a closure of which is incorporated herein by reference. A 
clockwise direction, conveyor belt 50 moves counter- package may be tested by placing a minute quantity of 
clockwise. If assembly 10 (or assembly 100) moves a tracer gas such as sulfur hexafluoride (SF6) in the 
counterclockwise, belt 50 moves clockwise. Preferably, 25 package before closing. The concentration of the gas in 
the outer edges of vanes 32 and vanes 106 move at the atmosphere outside the closed package is measured 
approximately the same speed as belt 50. Therefore, the and compared to a predetermined value. A measured 
outer edges of vanes 32 and 106 are approximately sta- concentration of SF6 below the predetermined value 
tionary with respect to belt 50 while in contact with the indicates that the package is intact, i.e., hole-free. A 
belt. 	 30 concentration greater than the predetermined value 

Vane assembly 12 and conveyor assembly 16 may be indicates the presence of a hole in the package. 
driven by the same power source or separate power Packages are preferably tested continuously as they 
sources (not shown), or one of the assemblies may drive are produced. To promote leakage through a hole or 
the other. By way of example, belt 50 may have a series holes (if present), the packages may be conveyed into a 
of transverse depressions 90 formed therein, dimen- 35 low-pressure chamber where the air is monitored for 
sioned to receive gaskets 36 of vanes 32 (FIG. 5a). The the presence of SF6. Those packages that fail the test are 
revolving vanes releasably engage depressions 90, mov- diverted off-line and tested individually, and their con- 
ing belt 50 in the direction of movement of vanes 32. tents repackaged or discarded. The balance of the pack- 
Alternatively, depressions 90 engage gaskets 36 as belt ages are distributed as usual. 
50 moves beneath vanes 32, turning the vanes in the 40 An airlock may be used to prevent gas flow from the 
direction of movement of the belt, test chamber. However, as noted above, objects pass 

Other surface configurations may facilitate coopera- through a conventional airlock in discrete batches lim- 
tion between vanes 32 and conveyor belt 50. For exam- ited by the size of the airlock. Therefore, a conventional 
pie, belt 50 may carry a series of transverse ridges 92 airlock is not suited for testing packages in a continuous 
dimensioned to receive gaskets 36 (FIG. 5b). Alterna- 45 production process where the packages move in a 
tively, depressions 94 formed in gaskets 36 are shaped steady stream rather than in discrete batches. 
and dimensioned to engage corresponding ridges 94 of An apparatus such as apparatus 150 may be used in 
belt 50 (FIG. 5c). These and similar arrangements may the practice of the invention. Then, region 160 repre- 
be provided for vane assembly 100 if desired. sents a test chamber having a pressure lower than out- 

An apparatus according to the present invention can 50 side the test chamber. Objects leave region 160 in the 
be used alone, or in arrangements of two or more such same order in which they enter the region. This is im- 
apparatus. As shown in FIG. 6, an apparatus 150 may be portant for identifying a package found to leak. Samples 
provided when moving objects between regions where are gathered before the items under test leave region 
cross-contamination is undesirable. Apparatus 150 is 160; removal of defective packages from the conveyor 
used to convey objects between regions 152 and 154, 55 is best done after they emerge from region 160. For 
separated by two walls 156 and 158. Region 160, be- positive identification and removal of defective pack- 
tween walls 156 and 158, may represent a transition area ages, the packages must have the same relative positions 
with an atmosphere intermediate between the atmo- after exiting region 160 as while inside region 160. Of 
spheres of regions 152 and 154. Alternatively, region known airlock designs, an apparatus according to the 
160 might be evacuated, or have a cross-flow of an inert 60 present invention is the only one suitable for this appli- 
gas to provide a continuous purge to prevent cross-con- cation. 
tamination between regions 152 and 154. Many other manufacturing and testing processes re- 

Walls 156 and 158 have first openings 170 and 172, quire objects to be passed between areas of higher and 
and second openings 174 and 176, respectively, formed lower atmospheric pressures, or between areas having 
therein. A pair of apparatus 180 and 182 are positioned 65 atmospheres of different compositions. Such situations 
in first openings 170 and 172. A conveyor belt assembly are found in the food, semiconductor, metal-finishing, 
184 runs through first openings 170 and 172, returning ceramics and plastics industries. Similar situations are 
through second openings 174 and 176, generally as encountered in space and undersea exploration, in air- 
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supported structures such as athletic stadiums, and in a vane assembly having an axis and a plurality of 
the construction industry when temporary air-sup- vanes disposed about said axis, said vanes extend- 
ported formwork is used. Many processes run continu- ing along said axis and radially from said axis to 
ously, so conventional airlocks, if used, can form bottle- said shell, 
necks in any process using them. An airlock according 5 said plurality of vanes sealingly engaging said inner 
to the present invention, on the other hand, permits surface of said shell as said plurality of vanes re- 
continual flow of objects while substantially preventing volve about said axis, 
different atmospheres on its opposite sides from mixing. said plurality of vanes sealingly engaging said surface 

It will be apparent to those skilled in the art that of said conveyor belt as said vane assembly rotates 
many changes and substitutions can be made to the 10 about said axis and said conveyor belt moves, adja- 
preferred embodiment herein described without depart- cent vanes of said plurality of vanes cooperating 
ing from the spirit and scope of the present invention as with said surface of said conveyor belt and said 
defined by the appended claims, 

What is claimed is: inner surface of said shell to temporarily form a 

1. An apparatus for transferring objects from a first 15 
moving chamber, said moving chamber dimen-
sioned to hold at least one object of said objects, region having a first atmosphere to a second region 

having a second atmosphere for use with a motor, said said moving chamber having a third atmosphere. 

apparatus comprising: 
7. The  apparatus as recited in claim 6, wherein said 

a shell positioned between said first region and said plurality of vanes further comprises at least four vanes. 

second region, said shell having an inner surface, 20 S. The apparatus as recited in claim 6, wherein each 

an entrance in communication with said first re- vane of said plurality of vanes has an edge, further 

gion, and an exit opposing said entrance, said exit in comprising a gasket carried by said edge. 

communication with said second region; 9. The apparatus as recited in claim 6, wherein said 

a vane assembly having an axis and a plurality of conveyor belt has a plurality of ribs carried by said 
vanes disposed about said axis, said vanes extend- 25 surface, each rib of said plurality of ribs engaging a vane 

radially and axially through said shell so that of said plurality of vanes. 
said said vanes sealingly engage said inner surface of 10. The apparatus as recited in claim 6, wherein said 
said 	as 	vanes 	about 	axis, any conveyor belt has a plurality of ribs carded by said t va 

adjacent  two adjacent vanes of said plurality of vanes defin- said 	of vanes surface, each rib of said plurality of ribs engaging a vane 
ing a moving chamber therebetween, said moving 30 of said plurality of vanes and, as said conveyor belt 
chamber having a third atmosphere, said moving moves, pushing said vanes. 
chamber dimensioned to receive at least one object 11. The apparatus as recited in claim 6, wherein said 
of said objects; and conveyor belt has a plurality of grooves formed in said 

means operated by said motor for moving said at least surface, each vane of said plurality of vanes engaging a 
one object from said first region to said second 35 groove of said plurality of grooves. 
region from said entrance to said exit, said moving 12. The apparatus as recited in claim 6, wherein said 
means engaging said plurality of vanes, conveyor belt has a plurality of grooves formed in said 

2. The apparatus as recited in claim 1, wherein said surface, each vane of said plurality of vanes engaging a 
moving means further comprises a conveyor belt. groove of said plurality of grooves so that said con- 

3. The apparatus as recited in claim 1, wherein said 40 veyor belt can push said each vane, thereby rotating 
moving means further comprises a conveyor belt hav- said vane assembly. 
ing means formed on said conveyor belt for engaging 13. The apparatus as recited in claim 6, wherein said 
each vane of said plurality of vanes and, by so engaging, vane assembly further comprises a pair of disks attached 
rotating said vane assembly. to said vane assembly and rotating therewith. 

4. The apparatus as recited in claim 1, wherein said 45 14. The apparatus as recited in claim 6, further corn- 
moving means further comprises a conveyor belt hav- prising means attached to said shell and in fluid commu- 
ing a concave arcuate portion, said arcuate portion of nication with said third atmosphere of said moving 
said conveyor belt engaging more than one vane of said chamber for adjusting said third atmosphere. 
plurality of vanes as said vane assembly rotates about 15. An apparatus for transferring objects from a first 
said axis so that said movable chamber is temporarily 50 region having a first atmosphere to a second region 
sealed from said first and said second regions by engage- having a second atmosphere, said apparatus for use in an 
ment of said more than one vane against said conveyor opening in a wall separating said first and second re- 
belt. gions, said apparatus comprising: 

5. The apparatus as recited in claim 1, wherein said a shell positioned in said opening having an inner 
apparatus further comprises means connected to said 55 surface, an entrance and an exit, said entrance corn- 
shell in fluid communication with said moving cham- municating with said first region and said exit com- 
bers for adjusting said third atmosphere. municating with said second region; 

6. An apparatus for transferring objects from a first a vane assembly in said shell and having an axis and at 
region having a first atmosphere to a second region least four vanes disposed about said axis, said at 
having a second atmosphere, said apparatus comprising: 60 least four vanes extending across said shell and 

a shell, positioned between said first region and said dimensioned to sealingly engage said inner surface 
second region, having an inner surface, an entrance of said shell as said at least four vanes revolve 
and an exit opposing said entrance, said entrance about said axis in said shell; 
communicating with said first region and said exit a motor driven endless conveyor movable through 
communicating with said second region; 	65 said shell from said entrance to said exit, said Ion- 

a motor driven conveyor belt movable through said veyor having an upper surface and an arcuate por- 
shell from said entrance to said exit, said conveyor tion where said conveyor passes in sealing engage- 
belt having a surface; merit with at least one of said at least four vanes, 
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adjacent vanes of said at least four vanes of vanes 
cooperating with said arcuate portion and said 
inner surface to temporarily form a moving cham-
ber, said chamber dimensioned to hold at least one 
object and having a third atmosphere; and 

	
5 

means in communication with said third atmosphere 
for recovering a constituent of said third atmo-
sphere. 

16. The apparatus as recited in claim 15, wherein said 
endless conveyor has a concave arcuate portion, said 10 
arcuate portion of said endless conveyor engaging more 
than one vane of said at least four vanes as said vane 
assembly rotates about said axis so that said movable 
chamber is temporarily sealed from said first and said 
second regions by engagement of said more than one 15 
vanes against said endless conveyor. 

17. The apparatus as recited in claim 15, wherein said 
endless conveyor has a plurality of ribs carried by said 
surface, each rib of said plurality of ribs engaging a vane 
of said plurality of vanes. 	 20 

12 
18. The apparatus as recited in claim 15, wherein said 

endless conveyor has a plurality of ribs carried by said 
surface, each rib of said plurality of ribs engaging a vane 
of said plurality of vanes and, as said endless conveyor 
moves, pushing said vanes. 

19. The apparatus as recited in claim 15, wherein said 
endless conveyor has a plurality of grooves formed in 
said surface, each vane of said plurality of vanes engag-
ing a groove of said plurality of grooves. 

20. The apparatus as recited in claim 15, wherein said 
recovering means further comprises: 

conduits attached to said shell and in fluid communi-
cation with said third atmosphere; and 

means for replacing said third atmosphere as said 
vane assembly rotates after said moving chamber is 
sealed by said endless conveyor from communica-
tion with said first region and before said moving 
chamber is in communication with said second 
region. 

25 
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