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TRANSFEREDEVACE 

Harold L. BrinkMan, Flushing, and Oliver J. Saari, 
Brewster, N.Y., assignors to Arrerican Machine & 
Foundry Company, a corporation of New Jersey 

Filed Aug. 10, 1961, Ser. No. 1130,676 
5 Caimas. (C. 244-7) 

This invention relates to a device enabling the transfer 
of packages and equipment in and out of a closed space 
such as the cell of a nuclear reactor. 

In the course of conducting various operations, such as 
when dealing with nuclear reactors or toxic bacterial 
substances, it is necessary to isolate the material in a 
closed cell to protect operators from exposure. During 
such operations, it is often desirable to pass items through, 
the enclosed cell wall. Heretofore, because of the lack 
of a practical device to safely effect transfer of material 
through the cell wall, it has generally been customary to 
'use elaborate arrangements such as large polyethylene 
isolation sacks over openings or to shut down the opera 
tion and wait until a safe condition prevails in the en 
closure so that the cell could be opened with safety. 
The present invention intends to provide a means for 

Safely passing material through a cell wall by an auto 
matic device which at all times, whether the device is 
operating or inactive, provides adequate shielding against 
icross contamination of the atmospheres separated by the 
wall. The invention is accomplished by an arrangement 
comprising a coordinated unit including a transfer cart to 
carry the material and a pair of doors which are inter 
locked to prevent opening of both doors simultaneously. 

it is the principal object of the present invention to 
provide a device suitable for transferring articles through 
a wall separating a close space without exposure of the 
atmosphere from one side of the wall to the other. 

it is a more particular object of the invention to pro 
vide a device permitting transfer of articles through the 
wall isolating a nuclear reactor without interrupting the 
reaction or without the necessity of utilizing auxiliary 
enclosures or other means to isolate a radioactive environ 
ment from a normal environment. 

It is a further object of the invention to provide a wall 
unit of automatic operation with fail-proof safety features 
which comprise a pair of doors, interlocked to prevent 
opening of more than one at any time and a transfer 
cart movable in through the wall space and door opening. 

These and other objects and advantages will become 
apparent from the following description and from the 
drawings in which: 

F.G. 1 is a side view in cross section of the device of 
the invention illustrating one of the doors in open posi 
tion with the transfer cart situated between the doors. 

FIG. 2 is a plan view of the device shown in FIG. 1 
with one of the shielding doors in the open position but 
with the transfer cart omitted. 

FIG. 3 is a view facing a wall into which the device 
of the invention is situated and taken substantially along 
the line 3-3 of FIG. 1. 
FIG. 4 is an end view of the transfer cart positioned 

in the wall opening taken substantially along the line 4-4 
of FIG. 1. 

FIG. 5a is a detailed view of the door camming ar 
rangement. 

FiG. 5b is a vector illustration of the relative horizon 
tal and vertical motions associated with the door sealing 
action. 

FIG. 6 is a diagrammatic illustration of a wiring 
diagram demonstrating an appropriate electrical interlock 
for the doors and cart. 

In the detailed description which follows, the device of 
the invention will be explained in conjunction with a 
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nuclear reactor but it will be apparent that the invention 
may be applied to any operation wherein it is desirable to 
transfer articles of material through a wall which forms 
the separation of adjacent areas. Thus, in addition to 
nuclear reactors, the invention may be applied for ex 
ample to enclosures housing biological studies, furnaces, 
jet fuel consumption test facilities, and the like. 

Referring to FIGS. 1 and 2 of the drawing, the inven 
tion is shown as a unit inserted within an opening 11 
formed in the wall 10. Numeral 2 refers to a wall liner 
Such as steel or other metal for the opening in the wall. 
The unit 13 which forms the apparatus of the invention 
comprises a metal frame 4 with appropriate filler con 
crete shielding 5 having the same density as used in 
the barrier or wall. Where total shielding thickness in 
side the unit is reduced due to cavities, sufficient high 
density shielding such as lead is added to afford a shield 
at least comparable to that offered by the wall. 
The voids from between the unit 13 and the wall liner 

are filled with suitable wall sealing compound 24. Sup 
ported on the frame 4 are doors 6 and 7 of a sub 
stantially semi-cylindrical configuration; an inner door 16 
and an outer door 17, Suitably mounted so that they are 
pivoted in their operation to open and closed position. 
it will be understood that doors of other suitable configur 
ation may also be utilized in conjunction with the con 
cept of the present invention. The door 6 is illustrated 
in open position while door 17 is closed. Each door is 
supported and guided in operation so that it rotates at a 
slightly spaced relationship from the door recess formed 
in the frame 4; this prevents wear. Upon alignment in 
the closed position and when fully closed, the door is 
cammed against the door recess at the frame 4 so as to 
form a tight seal. This arrangement permits easy move 
ment when uncammed from the sealed fit and prevents 
the loss of a Substantially permanent tight seal due to 
wear which might occur after substantial operation of the 
door with passage of time as would likely occur if the 
door were pivoted in contact with the frame. Within 
the wall opening between the doors 16 and 7 is a transfer 
cart 3 employed for movement of the articles to and 
from the enclosed seal. The transfer cart 8 is arranged 
to move on a track. The track comprises three sections: 
track section 19 on the flat outer portion of the inner door 
16, the section 20 in the space between the two doors and 
section 25 on the outer flat face of the door i7. The cart 
is positively driven by a center rack 22 (see FIG. 2) 
positioned between the tracks cooperating with a drive 
pinion 23 (see FIG. 4) on the transfer cart 18. 
The doors 6 and 7 are positively driven by the door 

actuating cable 26 riding over the pulleys 39. It will 
be apparent that in addition to the cable 26 other con 
ventional door actuating means such as a chain, or sys 
tem of levers or gears may be utilized. The cable 26 is 
attached to a suitable mounting on the door 25 at one 
end and suitable reversible drive motor (not shown) at 
the other end. It will be understood that other means 
such as a reversible motor can also be arranged to actuate 
the doors using a gearmotor and drum located in place of 
the pulleys, for example. The pulleys 39 are supported 
by suitable mounts 33 (see FIG. 3). In the arrangement 
shown, the weight of the door is employed to effect the 
opening through a reversible drive motor as the tension 
of the cable is gradually released. The doors are 
mounted so as to pivot at 36 while being guided and 
supported by the pivot arm. 29. The other end of the 
arm 29 is attached to a pivot mount 28. The move 
ment of the door from closed position is: initial unsealing 
of the door by slight lateral movement effected by a 
camming action; then a conjoint pivotal and lateral move 
ment as the door opens to a full stop. The mount 28 is 
constructed so that when the door is in closed position 
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the cam action is effected at 3 to seal and unseal the 
door, using suitable means for example Such as pneumatic 
locking cylinder 49 or a hydraulic arrangement (not 
shown). The doors may comprise metal and/or con 
crete. 
The door is further guided by an arrangement of a 

guide roller 32 positioned in a suitable slot 33 to afford 
a more stable movement of the door. A pivot arm stop 
34 stops the opening of the door beyond the track align 
ment position by abutting it against the arm. 29. The 
recess 35 in the door permits free movement of the 
arm. 29. 
The camming action, described in greater detail by 

reference to FIGS. 5a and 5b, is obtained through the 
geometrical relationship of the cable 26, the center of 
gravity of the door a 7, the arm 29 and the roller 32. 
The initiation of the camming action is effected by the 
cable 26 when sealing the door 7 to the frame 4 and 
by the door weight when unsealing. The sealing action 
only will be described as the unsealing utilizes the same 
principle except by reverse motions. 
FIG. 5a illustrates the door E7 in position 1, juist 

prior to sealing, and then in position 2, its final sealed 
position. As the cable 25 raises the upper end of the 
door 7, two actions occur. First, the roller 32 raises 
in its guide and the arm 25 pivots on its pin. 28. The 
resultant of these actions is to raise and pivot the door 
57 approximately 90 without the sealing surface of 
the door 7 coming into contact with its nating sealing 
surface on the frame 4. During the last 5 of arm 
29 rotation, the horizontal motion of the door 7 far 
exceeds its vertical motion and thereby cams or forces 
the faces of the two sealing surfaces together. This is 
accomplished without any sliding action taking place be 
tween these surfaces during contact. F.G. 5b illustrates 
in vector form the relative horizontal and vertical mo 
tions associated with sealing action. Sh represents the 
horizontal component of the resultant motion SR and Sy 
represents the vertical component. With the door in 
the open position, the Sh and Sy vectors are approxi 
mately equal. As the cable is raised, the Sv vector de 
creases at a greater rate relative to the Sh vector. There 
fore, during final cable motion, the instantaneous door 
motion is horizontal. It is thus seen that the canning 
action referred to in the specification is the horizontal 
motion of the door 7, resulting from the combination 
of vertical cable 26 motion, roller 32 reaction and rotary 
arm 29 motion. 

Illustrated in the wall opening between the doors is a 
purged line 45 to remove atmospheric gases entering 
this opening thereby preventing passage thereof to or 
out of the isolated space. Line 42 is an air source for 
the pneumatic cylinder 40 which effects the locking of 
the door against the opening in the frame 14. A flexible 
electric cable 43 furnishes the power for the cart drive 
44 and the limit switches. 27a and 27b. Another cable 
49 services the safety switches 45a and 45b. The limit 
switches 27a and 27 b are actuated by contact with a 
closed door or with the stops 46 positioned near the 
extreme end of the door in its open position. Shown at 
47 and 48 is high density shielding such as lead to pro 
vide for the shielding which is reduced due to the open 
ings in the wall occasioned by installing the system of 
the invention, 

It is contemplated that when used in nuclear reactors, 
units of this type are installed within reach of con 
ventional manipulators so that the manipuliator inay 
readily grasp the material passed through the unit into 
the seal and likewise place material to be removed from 
the seal onto the open door or the opening preparatory 
to the removal. 
When not in operation, both the doors 16 and 7 are 

in closed position. The operation in which the unit is 
used to pass articles through the wall, if it is desired, 
may be programmed with a control system so as to 
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automatically produce the proper sequence of nove 
ment in the equipment. Thus, when it is desired to in 
troduce an article into a closed cell the proper program 
ming would consist of opening the door E7, this move 
ment is effected by first releasing the pneumatic seal; 
camming the door until it is slightly removed from con 
tact with the door recess of the frame 24 and then pivot 
ing to open position by means of the arm 29 so that 
the flat track carrying portion of the door is rotated to 
horizontal position. Proper aligning means are effected 
by the stop 34 and the guide roller 32 and slot 33 to 
provide a level condition for the track portions 2 and 
2E as well as sections of the rack 22. Upon reaching 
alignment the transfer cart 8 automatically moves onto 
the door 7 until it is stopped by the limit switch 27b. 
contacting the stop 46. After the articles have been 
placed in the transfer cart the cart moves onto the track 
29 until the limit switch 27a contacts the door 5 upon 
which the movement of the cart is stopped. The cart 
is now positioned between the doors and the door 7 is 
actuated to closed position. When the door has been 
sealed shut, there may be provided a suitable time delay 
during which the chamber between the doors is evacuated 
through the purged line 4S. Thereafter the safety Switch 
45b winich is now in contact with the door i7 and the 
switch 27 in contact with door i 6 provide suitable sig 
nals to permit the door E6 to automatically open. When 
the door 6 is in aligned position, the limit switch 27a 
is then freed of shut-off condition. The cart is then 
driven until the limit switch. 27a contacts the stop 45 
on the door 6. The manipulator inside the cell there 
upon removes the article and upon proper impulse the 
cart is returned to a position between the doors, and 
door F6 is moved to closed position. The door 17 may 
be opened after the door 16 has been sealed to remove 
articles which may have been placed on the transfer cart 
from the cel. 
The interlock relationship between door 16, door 17 

and cart 8 is described in conjunction with the electrical 
diagram of FIG. 6. In FIG. 6, switch 50 is a three 
position selector switch of conventional, commercially 
available design. Switches 45b, 45a, 27b and 27a are 
conventional, commercially available limit switches, each 
with a single pole, double throw contact. The con 
tacts shown on the electrical diagram of FIG. 6 are 
actually contacts of conventional relays which are, in 
turn, actuated by the limit switches listed above. Switches 
45b, 45a, 27b and 27a perform all interlock functions. 
Switches A and B which are for control only are drive 
control limit switches comprising conventional compo 
nents of the drive mechanism for the door cables. 
When the transfer device is not in use, switch 56 is 

in the storage position. The cart 8 is at rest in the 
cart storage position, which is located between the inner 
and outer doors. 
When the operator turns switch 50 to the "inside' posi 

tion, the cart will move towards the interior of the cell. 
When it reaches the inner door, linit switch 27a is actu 
ated. Limit switch. 27a stops the cart until the inner 
door is completely open. When the door is completely 
open, limit switch 27a is deactivated; the cart continues 
until it hits the inner end stop and the cart motor is 
then de-energized by limit switch 27a. 

If the operator turns switch 50 to the "outside' posi 
tion, the above description would be applicable except 
that the cart would go in the reverse direction and limit 
switch 27b would be actuated when the cart moves to 
the outer door. 

If the operator desires to go from the interior of the 
cell to the outside, he moves switch 50 to the “outside” 
position. The cart 28 would then move towards the 
storage position. When it reaches the outer door, limit 
switch 27b is actuated. Limit switch 27b stops the 
cart and also causes the inner door 6 to close. When 
the inner door is closed, the outer door then opens limit 
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switch through 45a. When the outer door is completely 
open, limit switch 27b is deactivated and the cart con 
tinues on until limit switch 27b stops it at the outer end 
stop, 
When the operator is finished with the cart, he moves 

the switch to the “storage' position. The cart will then 
move to the storage position and stop. The inner or 
outer door will then close and the cart will be in storage 
position. 
The inner door controls are interlocked so that the 

inner door cannot open if the outer door is open due 
to limit switch 45b, and it cannot close unless the cart 
is in the storage position due to limit switch 27b. 

In a like manner, the outer door controls are inter 
locked so that the outer door cannot open if the inner 
door is open due to limit switch 45a and it cannot close 
unless the cart is in the storage position due to limit 
Switch. 27a. 

Although a limited number of variations and details 
are presented herein, it will be understood that various 
additional modifications apparent to one skilled in the 
art may be incorporated in the concept herein present 
without departing from the scope of the invention. Ac 
cordingly the invention is not to be limited by such modi 
fications except as necessitated by the appended claims. 
We claim: 
1. An apparatus for transferring articles into and from 

an isolated space without exposure of the atmosphere in 
said space which comprises in combination an article 
transfer carrier normally positioned in the wall which 
isolates said space, an outer door and an inner door 
spaced from said outer door, said doors having a flat 
side upon which said article transfer carrier may be 
transferred, as the door is horizontally positioned, each 
door supported and guided for pivotal movement to 
open and closed position, an interlocking arrangement 
for said doors preventing the opening of any one of said 
doors when the other is in open position, means for actu 
ating said doors and means carried by said transfer 
carrier for movement of said article transfer carrier 
through said isolated space and onto said doors. 

2. The apparatus of claim 1 wherein an article trans 
fer carrier positioned in the space between said doors is 
coordinated so as to move toward each of the doors after 
the respective door has attained an open position. 

3. An apparatus for transferring articles into and from 
an isolated space without exposure of the atmosphere in 
said space, positioned in the wall which isolates said 
space, which comprises in combination an outer door 
and an inner door spaced from said outer door, said 
doors having a flat side upon which said article transfer 
carrier may be transferred, as the door is horizontally 
positioned, each door supported and guided for pivotal 
movement to open and closed position, an interlocking 
arrangement for said doors preventing the opening of 
any one of said doors when the other is in open posi 
tion, an article transfer carrier for transferring articles 
into and from the isolated space housed between said 
doors and onto said doors, mechanized means for actu 
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6 
ating said doors and separate means coordinated with 
said door actuating means for transferring said article 
transfer carrier, said transfer carrier being aranged to 
move from its housing between said doors and onto either 
of said doors when in the open position and automati 
cally to be stationed between said doors when both doors 
are closed. 

4. An apparatus for transferring articles into and from 
an isolated space without exposure of the atmosphere 
in said space, positioned in the wall which isolates said 
space, which comprises in combination an outer door and 
an inner door spaced from said outer door, said doors 
having a flat side upon which said article transfer carrier 
may be transferred, as the door is horizontally positioned, 
each door supported and guided for pivotal movement 
to open and closed position, an interlocking arrangement 
for said doors preventing the opening of any one of said 
doors when the other is in open position, an article 
transfer carrier for transferring articles into and from 
the isolated space housed between said doors and onto 
said doors in coordinated arrangement with said doors, 
mechanized means for actuating said doors and separate 
means coordinated with said door actuating means for 
transferring said article transfer carrier, said transfer 
carrier being arranged to automatically move from its 
housing between said doors and onto either of said doors 
when in the open position and to be stationed between 
said doors when both doors are closed. 

5. An apparatus for transferring articles into and from 
an isolated space without exposure of the atmosphere 
in said space, positioned in the wall which isolates said 
space, which comprises in combination an outer semi 
cylindrical door and an inner semi-cylindrical door spaced 
from said outer door, said doors having a flat side upon 
which said article transfer carrier may be transferred, as 
the door is horizontally positioned, each door supported 
and guided for pivotal movement to open and closed 
position, an interlocking arrangement for said doors pre 
venting the opening of any one of said doors when the 
other is in open position, an article transfer carrier for 
transferring articles into and from the isolated space 
housed between said doors and onto said doors in co 
ordinated arrangement with said doors, mechanized means 
for actuating said doors, separate means coordinated 
with said door actuating means for transferring said 
article transfer carrier, said transfer carrier being ar 
ranged to automatically move from its housing be 
tween said doors and onto either of said doors when 
in the open position and to be stationed between said 
doors when both doors are closed and means for effect 
ing a cammed sealing action on said doors when in the 
closed position. 
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