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ABSTRACT OF THE DISCLOSURE 
Radiation protective enclosure constructed of a radia 

tion absorbing material which generally surrounds a sur 
face on which a specimen can be supported except for an 
opening in one portion thereof. A pivotal door also con 
structed of radiation absorbing material passes through 
the opening to close the same during the radiography proc 
ess. The door mates with a depression in the support sur 
face in the closed position to prevent the escape of radia 
tion. The door shields the support surface from radiation 
from the source when the door is moved to the open 
position. 

The present invention relates to radiography and, more 
speci?cally, to a protective enclosure in which specimens 
can be radiographically examined in quick succession on 
either a production line basis or an individual basis. 

. An important object of my invention is to provide a 
radiation protective enclosure which can be opened to 
expose a very large area of access for placing the item 
or specimen to be examined. When the device is opened, 
there are no walls con?ning the target area in which the 
specimen is to be set up on at least three sides, whereby 
specimens nearly as large as the enclosure can be handled. 
This arrangement also has special advantages for use with 
a conveyor belt mechanism serving one or a plurality of 
individual enclosures. , 

It is also an object of the invention to provide a pro 
tective enclosure in combination with a conveyor belt hav 
ing sealing means to effectively prevent the escape of radi 
ation from the enclosure, despite the presence of the con 
veyor belt and to achieve this in a manner which does not 
interfere with the handling of specimens in quick succes 
sion. - 

A further object of the invention is to provide an en 
closure of this type with a door which additionally serves 
the dual functions of blocking a radiation window im 
mediately upon any opening movement and also serves to 
swing a re?ector into and out of operative relationship to 
a light source to project a shadow image useful in setting 
up a specimen for inspection. 
The foregoing and other objects and advantages of my I 

invention will be apparent from the following description 
of a presently preferred embodiment thereof, when taken 
in conjunction with the drawings. 
FIGURE 1 is a perspective view of a protective en 

closure in combination with a conveyor belt mechanism, 
incorporating my invention. 
FIGURE 2 is a vertical sectional view taken on the 

line 2-2 of FIGURE 1. 
FIGURE 3 is a partial sectional view, on a larger 

scale, taken on the line 3-3 of FIGURE 2. 
FIGURE 4 is a view like FIGURE 2, but showing the 

door in open position to both block the radiation window 
and to dispose a re?ector in operative association with a 
light source. 
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FIGURE 5 is a horizontal sectional ‘view taken on the 

line 5-5 of FIGURE 4. 
The drawings show a protective enclosure which may 

be characterized as of medium size and in combination 
with a conveyor belt mechanism. However, this represen 
tation is to be understood to be illustrative only as the in 
vention is not limited with respect to the size of the en 
closure and the enclosure itself has utility apart from use 
with a conveyor belt. 
The enclosure, designated generally by the numeral 10, 

has a base portion 11 surmounted by a housing 12. A 
work table 13 is cantilevered forwardly from the rear of 
the enclosure 10 and projects out of housing 12 in verti 
cally spaced relation to the base portion. 11. Thus, there is 
provided a clearance between the base 11 and table 13 for 
the reception of the framework of a conveyor mechanism, 
designated generally by the numeral 14, that can be 
wheeled into and out of operative relationship to the work 
table 13. This mechanism is provided with an endless con~ 
veyor belt 15 whose upper ?ight passes over the top of the 
work table 13. A visor type of door 16 is pivotally 
mounted in the housing 12 and when raised, permits ac 
cess to the table 13 both through the opposite sides as well 
as from the front. When the door is raised, it frees the belt 
15 for movement and when closed on the arrested belt, it 
provides a radiation seal against the work table 13, despite 
the presence of the belt. 
More speci?cally, the enclosure includes a rear wall 20, 

an abbreviated front wall 21 and opposite side walls 22 
and 23, all of which are lead lined. The upper end of the 
cabinet is closed by a lead lined roof 24, which may be 
below the upper edges of the walls of the cabinet to pro 
vide a compartment within which a source of radiation 25 
is recessed in the forward portion of the compartment. Al 
ternatively, especially in large devices, the source 25 could 
be mounted under the roof and movable, rather than ?xed 
in place. The work table 13 is also provided with a lead 
lined ?oor 26 (although, alternatively, ?uoroscopic or 
other viewing apparatus could ‘be integrated into the work 
table) and, as illustrated by the drawings, all of these 
various surfaces or wall members, are supported on a rigid 
framework, which may be made up of appropriate angle 
iron members. As the composition and assembly of the 
various structural members and wall members is conven 
tional, they will not ‘be described in detail. 
The door 16 resembles a segment of a cylinder and is 

comprised of a lead lined front wall 30 ‘of generally arcu 
ate con?guration and opposite side walls 31 of approxi 
mately triangular shape. In order to support the door 16 
for pivotal movement on a horizontal axis, a pair of sad 
dles 32 are secured to the floor members 16 on opposite 
sides of the cabinet and mount a pair of pillow blocks 33 
receiving the opposite ends of a pivot shaft 34 that sup 
ports the door 16. 
As is apparent, the lead lined door 16 may be very 

heavy where strong radiation sources are used, and, ac 
cordingly, a power means is provided for effecting rais~ 
ing and lowering of the door (although power need not 
be used with small bench type enclosures). Further, as 
the accidental falling of the door could be very hazardous 
to the operator, a counter-balancing means is provided, 
preferably so arranged that the door has a rising tendency 
after a predetermined amount of opening movement, say 
5°. The counterbalancing, in turn, allows the use of a 
relatively low level power source just su?icient to provide 
starting inertia and preferably of sufficiently low level 
that it can be successfully resisted manually, should the 



3,488,495 
3 

operator’s hands or arms inadvertently be caught in the 
path of the lowering or raising hood. In very large instal 
lations, where larger power requirements are necessary, a 
slip clutch can be provided in the driving mechanism for 
disengagement of the power upon encountering a prede 
termined level of resistance. 

In the preferred embodiment of the invention, the power 
means for raising and lowering the door includes a motor 
36 mounted on a shelf 37 affixed to the rear wall 20 of 
the cabinet. The output shaft of the motor 36 may extend 
into a reduction gear box (not shown), if desired, and 
drives a sprocket 38. A pair of spaced shafts 39 and 40 
are mounted on the side wall 22 of the housing at rear 
and forward locations, respectively. A chain 41 drivingly 
interconnects the small sprocket 38 to a larger sprocket 42 
on the shaft 39 and another smaller sprocket 43 on the 
shaft 39 is drivingly interconnected to a sprocket 44 on 
the shaft 40 by a chain 45. Thus, a further drive speed re 
duction may be effected and it will be understood that the 
motor 36 is selectively reversible by an external switch 
means, not shown, whereby to drive the chain 45 in either 
direction. 
The upper end of the door 16 is framed by channel 

shaped members 48 a?ixed to the outer sides of the side 
walls 31 and another channel 49 a?ixed to the outer side 
of the front wall 30. As is shown in FIGURE 4, these 
framing members provide a means for rigidly securing 
a spaced pair of brackets 50 at one side wall 31 of the 
door 16, adjacent the Wall 22 on which the drive chain 45 
is mounted. These brackets 50 support opposite ends of a 
rod 51 that, in turn, slidably supports a collar 52 that, in 
turn, has a pivotal connection 53 to the drive chain 45. 
As the collar 52 is slidable on the rod 51, the drive chain 
45 will not be de?ected out of a linear run between the 
sprockets 43 and 40 and breakage of the chain is thus 
avoided. The frame members 48 of the door also pro 
vide means for connection of the counter weight. Thus, a 
pair of channel-shaped arms 55 are rigidly secured to the 
inner ends of opposite ones of the channels 48 and at their 
outer ends support opposite ends of a counter weight 56. 
The opening for the door 16 in the cabinet 12 is also 

framed with channel-shaped members adapted to coact 
with the members 48 and 49 on the door to provide a 
radiation seal around the upper edge of the door when 
it is closed. Thus, 1a channel 58 is secured horizontally 
along the upper edge of the door opening on the inside of 
the cabinet while channels 59 are secured on the inside 
of the cabinet along the side edges of the door opening. 
As the channel members 58 and 59 framing the door 
opening face upwardly and the channel members 48 and 
49 on the door face downwardly, when the door is closed 
the opposing channels 49 and 58 and opposing channels 
48 and 59 will nest together as illustrated in FIGURE 2. 
As a result there is no discontinuity in the protective lead 
lining of the device when the door is closed and the 
nesting feature is an e?icient battle against the escape of 
radiation. 

Referring to FIGURE 2, the roof 24 is formed with a 
window 60 directly beneath the radiation source 25 and 
the source is positioned to direct a beam 61 along an axis 
62 that is normal to the plane of the work table 13. Ac 
cordingly, a lead pad or block 63 is a?ixed to the upper 
surface of the lead lined ?oor 26 to cover at least the 
area within the direct beam 61 and means are provided 
in this pad and along the lower edges of the door 16 to 
effect a radiation~tight seal when the door is lowered. For 
this purpose, referring to FIGURE 5, the upper surface 
of the pad 63 is formed with a U-shaped groove 64 and 65 
that bounds the opposite sides and the front edge of the 
pad. The side grooves 65 are interrupted by overlapping 
grooves 66 that are relatively wide and relatively shallow 
as compared to the width and depth of the grooves 65. 
The length of the intermediate grooves 66 exceeds the 
width of the conveyor belt 15, which passes between the 
interrupted ends of the grooves 65. 
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As is shown in FIGURE 3, the grooves 66 are formed 

with a shallow curvature into which the belt 15 can be 
depressed without any sharp bending. For mating engage 
ment with the pad grooves 64, 65 and 66, the lower edge 
of the door is framed with angle iron members 68 posi 
tioned above the lower edges of the door walls 30 and 31, 
suf?ciently so that when the angle iron members 68 are 
at rest on the pad 63, edge portions of the door are re 
ceived within the slots 64 and 65. As is best seen in FIG 
URE 4, depending edge portions of the side walls 31 of 
door 16 are cut away and a pair of brass or lead straps 
69 are secured to the lower ?anges of the pair of angle iron 
members 68 on the door, having a con?guration to nest 
in the shallow grooves 66 of the pad. Thus, when the door 
is lowered to closed position, the straps 69 depress por 
tions of the belt 15 into the shallow grooves 66. To ac 
commodate this depression of the belt 15, the belt is pre 
ferably made of a thin plastic material, on the order of 
10 mils in thickness, and is preferably of a slightly elastic 
nature. The material known as Mylar is suitable for this 
purpose. Obviously, the belt material should be selected to 
accommodate the weight and size of the objects to be 
examined. 

While not shown, it will be understood that the ap 
paratus is provided with conventional means or control 
ling the radiation source 25 and also, with conventional 
safety devices. For example, whether or not the hood as 
sembly is power operated, there will be switches arranged 
to prevent energizing of the source 25 as soon as the hood 
rises and the hood must be completely closed before the 
source can be energized. The device may also be provided 
with a warning light exteriorly located on the front 
of the cabinet, or other annunciator, that is energized dur 
ing the radiation cycle. 

In the event the radiation source 25 is left energized, 
because of a safety switch failure or due to inadvertance, 
the relationship of the hood 16 to the radiation window 60 
is such that the hood immediately blocks the Window upon 
starting its upward travel from a closed position. This is 
.clear from an inspection of FIGURE 2, wherein it will be 
seen that the upper edge of the closed hood 16 borders 
the radiation beam 61. Thus, immediately upon the hood 
being raised, it intercepts the beam 61 and, being lead 
lined, prevents penetration of the beam. As is apparent 
from FIGURE 4, this blocking effect of the door 16 is 
effective in the fully raised position of the door 16 and 
throughout the movement of the door between fully raised 
and fully lowered positions. 
To aid in setting up the specimen and locating it 

properly in the target area of the beam, means are pro 
vided in the cabinet to project a light beam along the axis 
62. This light beam accurately simulates the direction and 
area of the radiation beam and is used to produce shadow 
images of the item to be examined, duplicating the area 
that will be covered by the radiation exposure. For this 
purpose, a U-shaped bracket 72 is secured to the rear 
Wall 20 of the enclosure to project forwardly‘ and adjust 
ably support a lamp housing 73. A mirror 74 is a?ixed 
to the inside of the front wall 30 of the door 16, adjacent 
the lower edge of the door. As is shown, in FIGURE 4, 
when the door 16 is fully raised, the mirror 74 is posi 
tioned opposite an opening 75 in the lamp housing so 
that a light beam 76, from an incandescent bulb 77 within 
the housing, is projected onto the mirror. Stop means to 
?x the fully raised position of the door, wherein the light 
and mirror are in the desired relationship, may comprise 
abutting portions of the door 16 and housing 12, for ex 
ample. The mirror is placed at such distance from the bulb 
77 and disposed at such angle that the re?ected light beam 
is coincident with the beam 61. Therefore, a specimen 78 
resting on the work table will project a shadow coinciding 
with the image that will be projected by the radiation beam 
61 When the source 25 is energized. As will be evident, the 
specimen 78 can be adjusted and set up to produce the 
desired shadow image corresponding to the desired radia 
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tion image. This-feature is primarily useful when the en 
closure is used independently of the conveyor mechanism 
14, but may also be used with the conveyor mechanism, 
for purposes of starting and stopping the conveyor belt 
15 at the right moment to properly locate the specimen 78 
with respect to the target area. - i 

The conveyor belt mechanism 14 is also made of con 
ventional material in a conventional manner and accord 
ingly, the details of construction will not be described’ in 
detail. The mechanism is, however, of novel con?guration 
in being especially adapted for use with the enclosure 10 
and, also, in'the‘ nature of the belt 15 and its coaction with 
the door 16 and table 13 to produce a‘ radiation seal. In 
any event, the mechanism 14 has left and right opposite 
end portions 80* and ‘81, respectively, that are spaced 
apart to freely but closely receive opposite sides of the 
table 13 therebetween. The portions 80 and 81 are 
rigidly interconnected by a framework 82 mounted on 
four legs 83 that are provided with castered Wheels 84 on 
their lower ends. While not visible, it will be understood 
that the opposite end portions 80 and 81 are provided 
with rollers and bearing surfaces supporting the belt 15 
at such height that the upper ?ight of‘. the belt will pass 
over the lead pad 63 so that specimens can be carried 
into and out of the enclosure 10 when the door 16 is 
raised. 

With this arrangement, the conveyor mechanism 14 
can be wheeled into and out of operative position with 
respect to the work table 13. While not shown, it will be 
understood that the mechanism is provided with a con 
ventional power means for gradually stopping and start 
ing the belt 15. When the conveyor mechanism 14 is in 
position, a specimen 78 can be set‘upalong the mid-line 
of the belt 15 on the left end portion 80 of the conveyor 
mechanism, being placed on top of asheet of ?lm 85. 
Then, assuming the door 16 to be opened, the conveyor 
belt 15 is turned on to carry the specimen 78‘ into posi 
tion on the work table 13. When the specimen 78 is 
properly located within the target area, as indicated by 
the shadow image cast by the light bulb and mirror ar 
rangement, the belt 15 is stopped; Then the door 16 is 
lowered and the source 25 can then be energized. A new 
specimen can then be set up on a piece of ?lm on the 
left hand portion 80 and after the setup is completed, 
the radiation cycle of the source 25 will have been com 
pleted, so that the door 16 can be raised. Then, the belt 
15 is again turned on to carry the specimen 78 off of the 
work table 13 and onto the right hand portion 81 of the 
conveyor mechanism 14, simultaneously moving a new 
specimen into position on the work .‘table. Door 16- is 
again lowered into position and the source 25 turned on, 
and during the ensuing radiation cycle, the exposed ?lm 
85 and specimen 78 may be removed from the right hand 
portion 81 and a new set up made on the left hand por 
tion 80. ‘ 

Although but a single embodiment of the invention is 
herein shown and described, several, variations thereof 
will occur to those skilled in the art. Accordingly, it is 
to be understood that I do not wish‘to be limited to the 
exact details of construction set forth above, but only by 
the spirit and scope of the following claims. \ 

I claim: - 

1. A radiation-protective enclosure for use in radiog 
raphy comprising: " 

a surface on which a specimen can be positioned to 
be subjected to radiation directed at the surface; 

a. housing rigidly interconnected to and partially en 
closing said surface and having edge portions de?n— 
ing an opening of said housing in a plane intersecting 
the plane of said surface at an acute angle so that 
at least a portion of the area of said surface is dis 
posed laterally outside of said housing and in con 
fronting alignment with said opening; 

a door pivotally connected to said housing on a pivot 
axis that is substantially parallel to the intersection 
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6 
of said planes and adapted and arranged for passage 
of said door inwardly and outwardly through said 
opening and into and out of contact of one edge of 
said door with said surface; 

said door having shape characteristics, including angu 
larly related side and end wall portions of said door, 
such that when said one edge of said door-is in en 
gagement with said surface, portions of said door 

' surround all portions of said surface not enclosed 
by said housing; and " 

lining means for said surface, said housing and said 
door adapted to prevent escape of radiation from said 
enclosure when said door is in engagement with said 
surface. ‘ r 

2. A device as in claim 1 in which a counterbalancing 
means is connected to said door and includes means to 
normally bias said door to an open position. 

3. A device as in claim 2 in which said surface is hori 
zontally disposed and said door is mounted for swinging 
on a horizontal axis, said means to bias said door to open 
position being adapted to be ineffective when said door en 
gages said surface. 

4. A device as in claim 1 in which a re?ector means is 
mounted on the inside of said door for co-movement with‘ 
said door and said housing is provided with a means for 
positioning a light source therein to project light onto 
said re?ector means when said door has been moved to‘ 
an open position, said re?ector means being adapted to 
re?ect light onto said surface when said door is in said 
open position to produce on said surface a shadow image 
of a specimen on said surface. 

5. A device as in claim 1 in which said means to pre 
vent escape of radiation include portions of said surface 
and door that are matingly engageable when said door 
contacts said surface. 

6. A device as in claim 5 in which a conveyor means 
is provided for carrying a specimen into and out of posi 
tion on said surface, 

said conveyor means including a ?exible belt arranged 
for movement over said surface and across said 
matingly engageable portions of said door and sur— 
face, 

said matingly engageable portions including shallow 
areas into which portions of said belt can be de-‘ 
pressed to at least a depth exceeding the thickness 
of the material of which said ?exible belt is made. 

7. A radiation protective device for examining speci 
mens in succession comprising: 

a horizontally disposed work table; 
a conveyor belt means including a ?exible belt means 

extending across said table from one side to the other 
and extending beyond opposite sides of said table; 

a housing rigidly interconnected to said table and 
formed with a downwardly facing opening, said table 
and housing being arranged so that a portion of said 
table over which said belt means crosses is disposed 
outside of said housing and in alignment with said 
opening; 

a door mounted on said housing for movement through 
" said opening between open and closed positions of 

said door, said door in closed position engaging said 
table and belt means and having shape characteristics 
such that said door, in closed position, surrounds all 
portions of said table not enclosed by said housing, 

said door and table having cooperating matingly en 
gageable portions into which portions of said belt 
means can be de?ected su?iciently, upon closing of 
said door, to prevent radiation losses through the 
area occupied by said belt means. 

8. In a radation protective enclosure, the combination 
comprising: 

a housing formed with a downwardly facing Opening; 
a work table rigidly secured to said housing to extend 

horizontally forwardly therefrom in alignment with 



3,488,495 
7 

said opening and to be at least partially disposed 
outside of said housing, ' 

said work table being of cantilever construction to per 
mit movement of an endless belt of a conveyor means 
into and out of a position for circum-navigating said 
table in carrying specimens on and off said table; 

a door mounted on said housing for movement through 
said opening between open and closed positions of 
said door, said door in closed position engaging said 
table and having shape characteristics such that said 
door, in closed position, surrounds all portions of 
said table not enclosed by said housing, 

said door and table having cooperating matingly en 
gageable portions into which portions of a belt means 
can be de?ected upon closing of said door sui?ciently 
to prevent radiation losses through the area occupied 
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