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with x-rays or electron beams (e-beams). The system is comprised of a single radiation source producing multiple beam paths. At
least one of the beam paths is configured to irradiate articles with x-rays and at least one other beam path is configured to irradiate
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ARTICLE IRRADIATION SYSTEM WITH MULTIPLE BEAM PATHS

Field of the invention

[0001] The invention relates to the field of systems
for irradiating articles. In particular, the invention

relates to article irradiation systems having conveyors.

Description of the Related Art

[0002] Radiation is ‘used to treat many types of
products or articles. The types of radiation used include,

for example, X-rays, gamma rays, microwaves, and electron
beams. The types of articles treated with radiation are
many and varied. For example, radiation is used to treat
silicon chips, polymers, medical devices, and more recently
food. The Food and Drug Administration and the Center for
Disease Control have both supported the irradiation of food
products for controlling or eliminating microorganisms
responsible for food poisoning such as Escherichia coli and
Salmonella sp.

[0003] An irradiation system is disclosed in U.S.

Patent No. 5,396,074 issued to Peck et al. on March' 7,

1995. Peck et al. describe a conveyor system that combines
an overhead conveyor with a floor mounted conveyor. Article
carriers are. suspended from the overhead conveyor track.

There is a stop or escapement on the overhead track which
holds Dback the lead article carriers and accumulates

carriers behind the escapement. A floor mounted load
conveyor is located in a 90° turn and has “dogs” which grab

the - bottom of the carriers as they are released by the
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overhead escapement and convey them toward a process
conveyer. The load conveyor accelerates then decelerates
the article carriers so that they are mutually spaced upon
the process conveyor.

[0004] ‘ According to Peck et al. the article carriers
must be spaced apart to prevent contact between adjacent
carriers while they traverse the single electron particle
beam. It has been thought that contact with adjacent
article carriers would substantially detract from the
required uniform radiation dosing of an article. Further
this spacing concept carried over to design of beam path
conveyors, which provided a gap in the conveying chain to
avoid radiation of the chain. Peck et al.’s beam pass
cConveyor or process conveyof is overly complicated. They
describe a conveyor system with spacing between articles
conveyed in front of the beam path. The process conveyor
of Peck et al. has two conveyor claims with a gap in
between so that the electron particle beam does not impact
a conveyor chain. It would be advantageous to eliminate
the gap between articles so that the emitted radiation is
fully utilized, and to simplify the beam pass conveyor so
that it is a continuous process conveyor.

[0005] It would be advantageous to have a simplified
irradiation system with a conveyor system that is entirely
floor mounted, and having multiple radiation beam paths.
Such a system would simplify the tote transfer between
conveyors.

[0006] Articles that are irradiated by a
horizontally oriented beam may need to be rotated and
radiated on another side depending on the depth of
penetration of a particular type of radiation. For
example, radiation from an electron beam may penetrate
solid objects only a couple of inches, whereas X-rays may

penetrate the same material to a depth of 8 inches or more.
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Peck et al. describe a conveyor system with a passive
rotation system. The article carriers are rotated by a
gear rack on the overhead conveyor. The article carriers
hang from the overhead track by virtue of a rotatable
collar with pins. The rack meets the pins and spins the
article carrier as it passes by. The article carrier is
then transported past the radiation beam again to irradiate
the other side of the carrier. The passive rotation system
of Peck et al. uses an extended tab on the collar to
indicate whether the carrier has been rotated. There is no
active control of the passive rotation device. It would be
advantageous to have an irradiation system with a conveyor
system that actively rotates articles and avoids the
uncertainty of a passive rotation system with an indicator
tab.

[0007] It is known that a single cyclotron can
provide several paths and types of radiation. Peck et al.
illustrates a system with only one electron beam path and
one conveyor system. It would be advantageous to have an
irradiation system with multiple beam paths, multiple types
of radiation, and multiple conveyor systems that could be
configured to treat different types of articles with
different types of radiation.

[0008] Proper irradiation of articles «requires
precise and accurate dosing of articles. One way to ensure
accuracy 1is to measure the speed of the conveyed articles.
Peck et al. describe an irradiation system that measures
the speed at which articles are being transported past the
radiation source and responds by interrupting the radiation
source if the speed of the articles is outside a given
range. It would be advantageous to have a conveyor system
that adjusts radiation intensity in response to speed
fluctuations, which are inevitable in conveyor motors to

ensure consistent treatment of articles.
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[0009] Irradiation with X-ray (and to a lesser
extent also by electron beams) is subject to side effects.
Photons impinging in the center of the product will be
scattered elsewhere inside the product, while x-rays
impinging near the sides will partly be scattered to the
outside of the product, and will be lost. The consequence
of this is that the dose may fall off near the sides.
Additionally, these side effects affect articles near the
top and bottom faces of the totes, where the dose also may
fall off.

[0010] . These side effects create a problem in
systems where there is a gap between article carriers on
the process conveyor. Articles positioned near the front
and back side of the articles carriers may receive a lower
dose of radiation as a result these side effects.
Additionally, articles positioned near the top and bottom
faces of the article carrier may also recelve a lower dose
of radiation than other articles in the carrier. It would
be advantageous to have a irradiation system that minimized

these side effects.

Brief Summary of the Invention

[0011] Irradiation systems involving conveyors are
described herein. In one aspect, the irradiation system
includes a radiation source, a first conveyor system and a
second conveyor system. The radiation source has at least
one beam path that extends substantially horizontally from
the radiation source and at least on beam path that extends
substantially downward from the radiation source. The
first conveyor system transports articles from a loading
area, through the horizontal beam path to an unloading
area. The first conveyor system has a process loop for
transporting articles through the horizontal beam path one

or more times. The process loop has a rotator for
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rotating the articles around a vertical axes. The second
conveyor system transports articles from a loading area,
under the downward beam path, to an unloading area. - The
second conveyor system has a process loop to transport
articles under the downward beam path one or more times.
[0012] The radiation system may be configured so
that the horizontal beam is an X-ray beam and the downward
beam 1s an e-beam. The process loop of any of the
conveyor systems may include a roller £flight conveyor
adjacent to a beam pass conveyor. The roller £flight
conveyor precedes the beam pass conveyor and travels at a
faster rate of speed than the beam pass conveyor and the
beam pass conveyor transports articles through a horizontal
beam path or- under a downward beam path. The articles may
be positioned on the beam pass conveyor so that there is
little or no gap between articles. The beam pass conveyor
may have a continuous chain in the beam path that is a flat
top chain or an extended pin chain. The irradiation system
may include totes or trays for transporting articles on the
conveyors. The conveyor systems may be floor mounted. The
irradiation system may include an upper level and a lower
level with the first conveyor system located on the upper
level and the second conveyor system located on the lower
level. If the system includes an upper level and a lower
level, a lowerator can be included for lowering trays from
the upper level to the lower level and an elevator may be
included for. raising trays from the lower level to the
upper level.

[0013] In another embodiment the irradiation system

includes a radiation source, a conveyor system, and a

control device. The radiation source has at least one beam
path. The conveyor system transports articles through the
beam path. The conveyor system has a roller flight

conveyor adjacent to a beam pass conveyor. The roller
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flight conveyor precedes the beam pass conveyor and travels
at a faster rate of speed than the beam pass conveyor.
Articles traveling on the faster roller flight conveyor can
be slowed when meeting up with articles traveling on the
slower beam pass conveyor. The beam pass conveyor
transports articles through the beam path on a continuous
chain. The control device adjusts beam strength in
response to changes in speed of the beam pass conveyor so
that consistent dose delivery is achieved.

[0014] The beam pass conveyor may be a flat’ top
chain for bearing articles or the beam pass conveyor may be
two parallel stainless steel extended pin chains for
capturing and bearing articles. Trays or totes may be used
to transport articles on the conveyors.

[0015] In another embodiment the irradiation system
includes a radiation source, a plurality of totes, a
conveyor system, a totes stacker, and a tote destacker.
The radiation source has at least one beam path. The totes
carry articles. The conveyor system transports totes
through the beam path. The conveyor system has a process
loop to transport totes through the beam path a plurality
of times. The tote stacker is in the process loop and
stacks totes prior to transporting through the beam path a
plurality of times. The totes destacker is in the process
loop and separates stacked totes after transporting through
the beam path conveyor system.

[0016] In another embodiment the irradiation system
includes a lower level, a middle level, an upper level, a
radiation source, a fist conveyor system, a second conveyor
system, and a third conveyor system. The radiation source,
located on the middle level, has at least one beam path
extendingv substantially horizontally from the radiation
source, at least one beam path extending substantially

downward from the radiation source, and at least on beam
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path extending substantially upward from the radiation
source. The first conveyor system, located on the middle
level, transports articles from a loading area, through the
horizontal beam path, to an unloading area, has a process
loop. for transporting articles through the horizontal beam
path one or more times and has a rotator in the process
loop for rotéting the articles. The second conveyor system,
located on the lower level, transports articles from a
loading area, under the vertical beam path, to an unloading
area, has a process loop to transport articles under the
vertical beam path one or more times. The third conveyor,
located on the upper level, transports articles from a
loading area, under the vertical beam path, to an unloading
area, has a process loop to transport articles above the

vertical beam path one or more times.

Brief description of the drawings

[0017] FIG. 1 is an elevated perspective schematic
of a dual conveyor system made in accordance with the
invention.

[0018] FIG. 2 is a top plan schematic view of the
upper conveyor system of FIG. 1.

[0019] . FIG. 3 is an elevated perspective showing the
tote stacker and destacker used 1in the upper conveyor
system.

[0020] FIG. 4 is an elevated perspective of a
portion of the upper conveyor system of FIG. 2.

[0021] FIG. 5 is an elevated perspective of a high
roller chain used in the upper-conveyor system.

[0022] FIG. 6 1s an elevated perspective of a flat
top chain used in the upper conveyor system in the Dbeam

pathl
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[0023] FIG. 7 1is an elevated perspective of a
turntable used in the upper conveyor system for rotating
totes.

[0024] FIG. 8 is a overhead view of the lower
conveyor system of FIG. 1.

[0025] FIG. 9 is an elevated perspective of a small
roller flight chain used in the lower conveyor system.
[0026] FIG. 10 is an elevated perspective of the
tray used to transport articles on the lower level conveyor
system. ' .
[0027] FIG. 11 is an elevated perspective of an
extended pin chain used in the lower conveyor system in the
beam path.

[0028] FIG. 12 1is an underneath perspective of the
tray used to transport articles on the upper level conveyor
system resting on a rack and extended pin chain.

[0029] FIG. 13 1is an elevated perspective of the
reroute track system used on the lower conveyor system.
[0030] FIG. 14 is an elevated perspective of a
triple conveyor system made in accordance with the

invention.

Detailed description of the invention

[0031] An irradiation system with multiple beam
paths and multiple conveyor systems is disclosed. The
multiple beam paths comprise at least one x-ray beam and
one electron beam. Independent conveyor systems are
designed to carry articles in front of or under the beam
path depending on the positioning of the beam.

[0032] FIG. 1 illustrates the general layout of an
article irradiation system 1 with multiple beam paths. The
article’ifradiation system 1 consists of a radiation source

10, an upper level 2a with an upper level conveyor system
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50, and a lower level 2b with a lower level conveyor system
140.

[0033] The radiation source 10 has three beam paths
for irradiating articles on two separate levels, an upper
level 2a and a lower level Z2Zb. The preferred radiation
source is a Rhodotron TT300 accelerator (available from
T.B.A. sa.), however any radiation source known to those
skilled in the art 1s acceptable. The radiation source 10
is positioned on the upper level 2a. Two beam paths are
configured for x-rays. X-ray paths 1lla and 1llb, one at 5
Mev and the other at 7.5 Mev, extend horizontally from the
radiation source 10 and irradiate articles on the upper
level conveybr system 50. The third beam path 12 is a
single electron particle beam or e-beam of 10 Mev 12. The
electron beam 12 is directed vertically downward to treat
articles on the lower level conveyor system 140. A magnet
(not shown) is used to direct the electron beam downward.
[0034] FIG. 2 illustrates the upper level 2a of the
article irradiation system 1. The upper level 2a 1is
configured to treat articles with either of the x-ray beams
11a and 1llb. Only one of the two x-ray beams lla and 1lb is
operated at any one time. Articles to be irradiated are
loaded into totes and conveyed in front of one of the x-ray
beams 1lla or 1lb via the upper level conveyor system 50.
The upper level conveyor system 50 is a floor mounted
system and consists of an entry conveyor 60, a transport
conveyor 70, an entrainment conveyor 80, a beam pass
conveyor 90, and an exit conveyor 110. The transport
conveyor 70, entrainment conveyor 80, and Dbeam ‘pass
conveyor 90 connect to form a process loop 100 that is
substantially square and surrounds the irradiator 10.

[00351 ‘ ' The totes are loaded onto the entry ctheyor
60 from the load station 61. Totes may be loaded onto the

entry conveyor 60 using a forklift or other acceptable
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device. The entry conveyor 60 extends from the load
station 61 to the process loop 100. The entry conveyor 60
extends in a maze like configuration. This configuration
is preferred over a straight 1line because additional
shielding can be positioned at various points of the maze.
An exit conveyor 110 extends away from the process loop 100
in a similar maze like configuration.

[0036] The process loop 100 is configured with four
substantially linear sides connected by four 90° turns,
labeled 3a, 3b, 3c and 3d. The transport conveyor 70 makes
up more than three sides of the process loop 100 and
operates to manipulate the physical configuration of the
totes as they travel along the process loop 100. Totes
enter and exit the process lbop 100 via the entry conveyor
60 and the exit conveyor 100. The entry conveyor 60 and
the exit con&eyor 100 connect to the process loop 100 at
two different ©points of the transport conveyor 70
positioned between a tote stacker 62 and a tote destacker
63. Totes enter the transport conveyor 70 at a terminus 65
of the entry conveyor 60 and are stacked by the tote
stacker 62.

[0037] The tote stacker 62, illustrated in FIG 3,
operates to stack totes that arrive from the entry conveyor
60. Two totes are stacked, one on top of the other, to
form a tote stack that is ready to be treated by an X-ray
beam 1la or 1lb. The tote stacker 62 lifts the first tote
up to an elevation where a second tote can transport
underneath. Once the second tote arrives, the tote stacker
62 lowers the first tote until the top of the second tote
makes contact with the bottom of the first tote forming a
tote stack. The bottom tote bears the top tote. Throughout
this application, when describing activities within the

process loop 100, the terms tote and tote stack are used
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interchangeably and the use of one 1is not meant as a
limitation unless otherwise noted.

[0038] Totes are stacked on this conveyor system to
address the problem of horning that is encountered with
treating articles with X-rays. By stacking totes for a
first pass through the X-ray beam and then inverse stacking
the same totes through a second pass of the X-ray beam,
each portion of both totes receives uniform treatment. For
example, totes A and B are stacked with A on top and B on
bottom. As the tote stack is passed through the X-ray
beam, the bottom of tote A and the top of tote B recéive
higher doses of X-rays than the top of tote A and the
bottom of tote B. To address this problem, the totes are
restacked so that tote B is on the top and tote A is on the
bottom and passed in front of the X-ray beam a second time.
On the second pass the top of tote A and the bottom of tote
B receive the higher dose while the bottom of tote A and
the top of tote B receive a lower dose. As a result the
combined exposure of the entire tote 1is substantially
consistent. Additional dosing schemes are discussed below.
[0039] The front leg of the transport conveyer 70
runs from the tote stacker 62, around a 90° turn 3a,
through a conveyor crossover point 77 and terminates at the
inlet of the entrainment conveyor 80 to form a 90° turn 3b.
[0040] FIG 4. illustrates the approach to the beam
pass conveyor from the 90° turn 3b. A rolling lifter 73 'is
positioned at the 90° turn 3b. The rolling lifter 73
raises the tote stacks on powered rollers 74 about 27 above
the roller flight chain 81 of the transport conveyor 70.
The powered rollers 74 propel the tote stacks forward to
the entrainment conveyor 80, which is at the same elevation
as the raiseé tote sfacks on thé lifting device 73.

[0041] Entrainment conveyor 80 controls the speed of

the totes so that totes do not accumulate at any point on
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the system. A sensor 83 (not shown), senses when there is
room on the entrainment conveyor 80 for another tote stack.
When there is enough room on the entrainment conveyor 80
for another tote stack, the transport conveyor 70 conveys a
tote stack to the lifting device 73, which propels the tote
stack onto the entrainment conveyor 80.

[0042] Both the transport conveyor 70 and
entrainment conveyor 80 utilize roller f£flight chains 81.
FIG. 5 illustrates a roller flight chain 81. The roller
flight chain 81 is a chain with elevated wheels, -called
high rollers 82, positioned between each link 84 of the
chain.

[0043] Referring back to FIG. 4, the entrainment
conveyor 80 extends from the'lifting device 73 to the beam
pass conveyor 90. The exact terminus of the entrainment
conveyor 80 can vary, but is prior to the x-ray paths 1la
and 11b.

[0044] The beam pass conveyor 90 1s a one-piece
conveyor that transports tote stacks past the x-ray paths
1la and 11b to a set of powered rollers 95 that extend to a
90° turn 3c.: The beam pass conveyor 90 is speed locked to
the radiation source 10. The speed of the beam pass
conveyor 90 1is preferably consistent. However, the drive
motor (not shown) is subject to small variations in speed
for a variety of reasons, including, for example variations
in line power. It is therefore preferred to relate the
speed of the drive motor to the strength of the radiation
source in a master/slave relationship. If the drive motor
slows down, the intensity of the radiation will increase
and vice versa. The drive motor may also be configured to
shut down both the beam pass conveyor and the radiation
sbﬁré;; shouid the speed of the driﬁe motor be bﬁtside

predefined limits.
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[0045] The beam pass conveyor 90 utilizes a flat top
chain 92 to bear tote stacks. FIG 6. illustrates the flat
top chain 92. The flat top chain 92 has dogs 93 that bear
the tote stacks but do not capture them.

[0046] Tote stacks convey directly from the
entrainment conveyor 80 to the beam pass conveyor 90. Tote
stacks on the entrainment conveyor 80 are conveyed at the
same speed as the roller flight chain 81 because under
normal conditions the high rollers 82 do not rotate. The
entrainment conveyor 80 moves at a faster rate of speed
than the beam pass conveyor 90 causing tote stacks on the
roller flight conveyor 80 to contact tote stacks on the
beam pass conveyor 90. The contact between tote stacks
causes the high rollers 82 on the roller flight chain 81 to
rotate in a backwards direction. The rotation of the high
rollers 82 allows the roller flight chain 81 to continue
moving under the tote stacks on the roller flight conveyor
80. The backwards rotation of the high rollers 82 creates
a rolling friction that maintains a constant forward
pressure on the totes conveying onto the beam pass conveyor
90. The forward pressure entrains the totes entering the
beam path and positions the totes so there are no gaps
between the tote stacks on the beam pass conveyor 90.

144

Having a “gap” means there is not contact between totes.
This elimination of gaps 1s important to maximize
utilization of the radiation and to eliminate side effects.
[0047] The conveyor configuration described in FIG.
4 is the preferred configuration for entraining totes and
positioning totes so there are no gaps between totes

stacks. Other methods, however, may be used to entrain the

totes including, for example, wheels or rollers positioned

on the underside of the article carriers. Alternati%ely, a

conveyor or article carrier may be used that produces a low
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amount of friction between the article carrier and the
conveyor so that article carriers are entrained.

[0048] Referring to FIG 2, a gap fault switch 94 is
positioned at a point adjacent to the beam pass conveyor
90. The gap fault switch 94 senses gaps or space between
adjacent totes as a function of time. If the time between
adjacent totes is greater than a predefined limit the gap
fault switch signals the system to shut down.

[0049] The beam pass conveyor 90 extends to a point
past the X-ray beam lla and 1lb where it connects with a
set of powered rollers 95 that conveys totes from the beam
pass conveyor 90 to another 90° turn 3c that intersects
with the next leg of transport conveyor 70. The rollers
following the beam pass convéyor 90 move totes at a higher
speed than the beam pass conveyor 90.

[0050] The next leg of the transport conveyor 70
extends from another 90° turn 3c to a turntable 76. The
turntable 76 is illustrated in FIG. 7. The turntable 76
operates to rotate totes. Preferably the turntable 76
rotates totes 180° so that both sides of the totes can be
irradiated. However it is possible to rotate totes at any
angle such as, for example, 90° or 60°, and pass the totes
several times through the beam path.

[0051] The transport conveyor 70 makes another 90°
turn 3d and extends to the tote destacker 63 shown in FIG.
3. The tote destacker 63 operates in a similar manner to
the tote stacker 62 except that it separates a tote stack
into individual totes. The tote destacker 63 1lifts the
upper tote of a tote stack allowing the lower tote of a
tote stack to leave the destacker 63 first. This ensures
that the lower tote of a tote stack becomes the upper tote
and ﬁhé’upper fote becbmes tﬁe lower tote for a sﬁbse@uent

pass through the tote stacker 62.
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[0052] The transport conveyor 70 continues to an
intersection with the exit conveyor 110. The exit conveyor

110 branches off of the transport conveyor 70 and leads to
an unload area 111. Totes that have been separated by the
tote destacker 63 are either directed out of the process
loop 100 via the exit conveyor 110 or continue forward and
remain on the process loop 100 for another pass in front of
the X-ray beam. The transport conveyor 70 continues past
the entry conveyor 60 terminus 65 and back to the tote
stacker 62 to complete the process loop. Totes that remain
on the process loop 100 may be re-stacked by the tote
stacker 62.

[0053] Articles carried in the totes will sometimes
require multiple passes in front of one of the X-Ray beams
11a or 1lb in order to optimize the dose delivery to the
product. Each tote may require processing on both sides
and on each level (the upper and lower level of a tote
stack). The result of this scenario is that each tote will
pass in front of the X-ray up to four (4) times to receilve
its optimum dose delivery. This scenario may be by-passed
for certain products as determined by the process
requirements. There are a number of configurations for
multiple pass, stacking and unstacking. Several examples
are given below. The operator at the control system may
select, for example one, two or four passes. In addition
the operator may select to rotate or not to rotate the tote

during processing.

Example 1. One Pass

[0054] . The processing of the totes in one pass mode
is achieved by rotating the totes 180° on the turntable 76
af£e£M éompletion of the first pass. The tote is then
conveyed to the unload area via the exit conveyor 110.

This gives a total rotation of 180° from pass one to the
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exit conveyor 110 insuring proper tote door orientation for

unloading.
Example 2. Two-Pass (With rotation)
[0055] The processing of the totes in this two-pass

mode is achieved by rotating the totes 180° on the
turntable 76 after completion of the first pass. This gives
a total rotation of 180° from pass one to pass two. After
completion of pass two the tote is conveyed out to the

unload area via the exit conveyor 110.

Example 3. Two-Pass (No rotation)

[0056] The processing'of the totes in this two-pass
mode 1is completed with no rotation of the totes on the
turntable 76 after the first pass. This gives a total
rotation of 0° from pass one to pass two. After completion
of pass two, the tote is rotated 180° as it exits to insure

proper tote door orientation for unloading.

Example 4. Two Pass (Interchange)

[0057] The interchange selection will cause the

totes to be vertically interchanged between pass one and

two.
Example 5. Four Pass (With Rotation)
[0058] The processing of the totes in four-pass mode

with rotation selected is achieved by rotating the tote as
follows: A 180° rotation on tote exit from the first pass.
This gives a total rotation of 180° from pass one to pass
two. A 180° rotation on tote exit from the second pass.
ThisngQes a total rotafion of 180° frém pass two to pass
three. A 180° rotation on tote exit from the third pass,

for a total rotation of 180° from pass three to pass four.
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After completion of pass four the tote is conveyed out of
the process loop 100 to the unload area via the exit

conveyor 110.

Example 6. Four Pass (Without Rotation)

[0059] The processing of the totes in four pass mode
without rotation selected is achieved by rotating the tote
as follows: A 0° rotation on tote exit from the first pass.
This gives a total rotation of 0° from pass one to pass
two. A 0° rétation on tote exit from the second pass. This
gives a total rotation of 0° from pass two to pass three. A
0° rotation on tote exit from the third pass, for a total
rotation of 0° from pass three to pass four. After
completion of pass four, the tote is rotated 180° as it

exits to insure proper tote door orientation for unloading.

Example 7. Four Pass (Interchange)
[0060] The interchange and rotation selection are
independent of each other. Interchange selection will

cause the totes to be vertically interchanged between
passes two and three. Totes will be rotated between pass
one and two and between pass three and four.

[0061] " Other configurations are possible, including
configurations that turn totes 60° or 90° for example. If
a tote has only one door at a particular end, a processed
tote may require 180° rotation to put the door of the tote
on the correct side for unloading. Reorientation of the
tote will be performed by the turntable 76 as required,
regardless of operator rotational selection.

[0062] In a preferred mode of operation, the process
specification starts at the load station 61. The system is
set up té load fotes in baﬁches, e.g., 14 toteé.  The
process loop 100 of the system can process batches of

either 14 or 28 totes. Other designs discernable by those
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skilled in the art may accommodate any number of totes in a
batch. It is preferred that the number be programmed in so
that the system might count the totes in a batch to control
multiple passes.

[0063] Totes can be loaded via a removable end door.
Pre-loaded totes of articles to be treated can be loaded
onto the entry conveyor 60 at the load station 61 using a
forklift or empty totes can be loaded right on the entry
conveyor 60 at the load station 61. Totes at the load
station are automatically positioned at and manually
released from the load station 61 area in groups of 14
using a load release button. Once released, the totes then
move through.the entry conveyor 60 and into the process
loop 100. ~

[0064] The batch 1s processed using the preset
parameters of rotation, vertical interchange, beam current,
process speed etc. that are set prior to batch loading.
Once the required processing is complete the system goes
into batch process complete mode in which the X-Ray 1is

turned off and the treated product is conveyed to the

unload station. The full batch of 14 or 28 totes 1is
conveyed out of the process loop 100. The batch is
unloaded in 14 tote groups. After a group of 14 totes 1is

unloaded the unload release button is pushed and the group
of 14 totes is conveyed around a 180 degree curve to the
load side of 'a warehouse area.

[0065] If totes in the process loop 100 are being
proéessed, loaded untreated totes are held on the entry
conveyor 60 until the totes in the process loop 100 have
completed processing. Tote stacks are counted as they pass
a “TRAY ENTERING BEAM” 1limit switch. At the end of
processing, the éystem will go into “BATCH PROCESS
COMPLETE” mode. This occurs after the last tote stack is
processed. The X-Ray turns off using a “BEAM ON/OFE”
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signal to the RHODOTRON 10 and the treated totes are to be
conveyed to the unload area via the exit conveyor 110. To
prevent the first stack in the batch from being overdosed
as the last stack passes the beam, the stacks are to be
separated on the last pass, using a stack counter. This is
done by disabling the cross transfer before the beam pass.
After the beam is turned off the cross transfer is enabled
to allow the exit of the treated stacks. After all the
treated totes have left the process loop 100, the untreated
totes enter the process loop and are stacked by the tote
stacker 62. The speed of the beam pass conveyor 90 will be
set as required by the “BEAM PASS CONVEYOR SPEED” for the
batch. When the first stack enters the beam pass area the
beam will turn on using the “TRAY ENTERING BEAM” limit
switch and “BEAM ON/OFF” signal to the beam source 10. At
this time “BATCH PROCESS COMPLETE” is turned off and batch
processing starts.

[0066] FIG. 8 illustrates the lower level 2b of the
article irradiation system 1. The lower level 2b 1is
configured to treat articles with a 5, 7, or 10 MeVv
electron beam 12. Articles are loaded onto trays and
conveyed under the downwardly projected electron beam 12 on
the lower level conveyor system 140. System 140 is
equipped with a “lowerater” 141 and an elevator 142. The
lowerator 141 lowers loaded trays from a loading station
located on the upper level 2a to the lower level conveyor
system 140. The elevator 142 raises treated trays to an
unload station located on the upper level 2a.

[0067] " The lowerator 141 and elevator 142 "build"

shelves underneath each tray as they enter. When a tray is

in the lowerator 141 or elevator 142 the shelf transitions

from horizontal "building" to vertical movement. When
complete, the tray transitions from vertical movement to

horizontal movement and sends the tray to the other level
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(lower or upper) as required. Lowerators and elevators are
known in the industry as "2Z" lifters.

[0068] The lower level conveyor system 140 1is a
floor mounted conveyor system that contains a process loop
150, an entry conveyor 160 and an exit conveyor 170. The
entry conveyor 160 connects the lowerator 141 with the
process loop 150 at an intersection 161. The exit conveyor
170 connects the elevator 142 with the process loop 130 at
a reroute Junction 171. The reroute Jjunction 171 is
configured to direct trays to either the exit conveyer 170
or back to the process loop 150 for another round of
treatment.

[0069] The process loop 150 consists of a transport
conveyor 180, an entrainment‘conveyor 190, and a beam pass
conveyor 200. The transport conveyor 180 connects at the
inlet of the entrainment conveyor 190 and the outlet of the
beam pass conveyor 200. The +transport conveyor also
intersects with the entry conveyor 160 and exit conveyor
170. The ouflet of the entrainment conveyor 190 connects
with the dinlet of the beam pass conveyor 200 thereby
completing the process loop 150.

[0070] Trays enter the process loop 150 on the
transport conveyor 180 and are conveyed to the entrainment
conveyor 190. The entrainment conveyor 190 for the lower
level conveyor system 140 operates the same as the
entrainment conveyor 80 for the upper conveyor system 50.
The entrainment conveyor 190 utilizes a small roller flight
chain 191, illustrated in FIG 9. The small roller flight
chain has high rollers 192. Trays rest on the high rollers
192 of the small roller flight chain 191 prior to entering
the beam pass conveyor 200. The entrainment conveyor 190
travels at a higﬁéf‘ rate of speed than the beam pass
conveyor 200. As trays convey on the Dbeam pass conveyor

200, trays on the entrainment conveyor 190 make contact
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with the trays in front of them. The high rollers 192 on
the entrainment conveyor 190 rotate backward keeping a
constant forward pressure on the trays entrainment conveyor
190 causing trays to entrain as they enter the beam pass
conveyor 200. As a result there 1is a closure of gaps
between trays moving along the beam pass conveyor 200. A
“gap” means there is no contact between trays.

[0071] - The beam pass conveyor 200 is a one-piece
conveyor that conveys trays under the electron beam. The
beam pass conveyor 200 utilizes two parallel stainless
steel chains 202, which extend from the roller .flight
conveyor 190, under the electron beam 12 and over the beam
stop 205, to the transport conveyor 180. FI1G. 10
illustrates a tray 148 beiﬁg conveyed by the beam pass
conveyor 200. The trays rest on racks 149 (not shown) with
evenly spaced downward semicircular grooves. The chains
201, illustrated in FIG. 11, have pins 202 extending from
the side to capture the racks 149 exiting the entrainment
conveyor 190, thereby capturing and securing the trays.
FIG. 12 illustrates the bottom of a tray 148 resting on a
rack 149 captured by the pins 202 of the chain 201. The
chains 201 afe preferably made of stainless steel in order
to withstand the environment of the electron beam 12.
Under normal operating conditions, the chain 20lexposure to
the electron beam 12 will be minor due to the absence of
space between trays.

[0072] The speed of the beam pass conveyor 200 is
preferably consistent. However, the drive motor is subject
to small variations in speed for a variety of reasons,
including, for example variations in line power. Again, it
is therefore preferred to relate the speed of the drive
motor to the _;trength of the radiation source in a
master/slave relationship. If the drive motor slows down,

the intensity of the radiation will increase and vice
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versa. The drive motor may also be configured to shut down
both the beam pass conveyor and the radiation source,

should the speed of the drive motor be outside predefined

limits.
[0073] A gap fault switch 203 1is positioned at a
point near the entrance to the beam pass conveyor 200. The

gap fault switch senses gaps or space between adjacent
trays as a function of time. If the time between adjacent
trays i1s greater than a predefined limit the gap fault
switch signals the radiation source to shut off the beam
for a length. of time that corresponds to the time between
the adjacent trays. While the Dbeam 1s shut off, the
conveyor continues to run. As the next tray approaches the
beam path, the beam is turned back on. This function
conserves power by not using the beam to irradiate empty
space and minimizes the exposure of the chains 201 to the
beam should there be any gaps between adjacent articles.
[0074] Prior to reaching the entrainment conveyor
190, trays convey through a spacer section 182 in the
process loop 150. The spacer section operates to regulate
the spacing of the trays before the trays reach the
entrainment conveyor 190.

[0075] The spacer section has a section of small
roller flight chain 191, followed, by a section of extended
pin chain 195, and then another section of small roller
flight chain 191. The extended pin chain 195 moves at a
slower speed than the roller £flight chains 191. This
configuration operates to entrain trays on the extended pin
chain 195 and the small roller flight chain 195 preceding
the extended pin chain 195. The small roller flight chain
195 after the extended pin chain 195 conveys trays away
fiom‘the enﬁrained tféys at”evenly spaced intervéls théreby
ensuring a consistent supply of trays to the entrainment

conveyor 190.
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[0076] ' Trays move from the beam pass conveyor 200 to
the back end 185 of the transport conveyor 180. The back
end 185 of the transport conveyor 180 moves at a faster
rate of speed than the beam pass conveyor 200 ensuring that
no backward jostling of trays are caused by trays exiting
the beam pass conveyor 200. Trays are conveyed along the
back end 185 of the transport conveyor 180 to the reroute
junction 171 and directed by a reroute chain 172,
illustrated in FIG. 13 to either the exit conveyor 170 or
back to the transport conveyor 180 via a reroute track 173
for another pass under the electron beam 12. The reroute
junction 171 has a diverter 175 and a diverting rod 176.
The diverting rod 176 rotates laterally and operates to
assist the reroute chain in changing the direction of a
tray. The reroute track 181 is a section of the transport
conveyor 180 that completes the process loop 150.

[0077] Trays requiring multiple treatments are
rerouted under the beam as required. Additionally, trays
usually require cooling before leaving the lower level.
Cooling is achieved by circulating the processed trays
around the process loop with the electron beam turned off.
When the trays have been processed and/or have sufficiently
cooled they are directed to the outlet conveyor 170 and
raised to the upper level 50 via the elevator 142.

[0078] The two level system described in FIG. 1 is
the preferred embodiment. Other embodiments, however, are
possible. For example, an irradiation system that has
three levels may be configured. In a three level system,
the irradiation source may be positioned on the middle
level with a horizontally extending beam path, an upwardly
extending beam path, and a downwardly extending beam path.
As in FIG. 1, each level would have a conveyor éystem for

passing articles through their respective beam paths.
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[0079] FIG. 14 shows a three level system. In this
system, trays radiated from the top in the lower conveyor
system 140 may then be conveyed to a third conveyor system
250 and radiated from below. The beam pass conveyor of the
5 upper level must either have a gap for allowing the beam to
pass in between, or be of the suspension type where the

beam can reach the articles from below.
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CLAIMS

1. An dirradiation system comprising:
— a radiation source having at least one beam path
extending substantially horizontally from the radiation
source and at least one beam  path extending

substantially vertically from the radiation source;

— a first conveyor system for transporting articles
through the horizontal beam path having a process loop
for transporting articles through the horizontal beam
path one or more times comprising a rotator in the
process loop for rotating the articles and a beam pass

conveyor; and

— a second conveyor system for transporting articles,
through the vertical beam path, having a process loop to
transport articles under or above the vertical beam path
one or more times comprising a beam pass conveyor,
wherein at least one of the conveyor systems has a means
for entraining articles preceding a beam pass conveyor.

2. The irradiation system of claim 1 wherein
at least one of the beam paths is an X-ray beam.

3. The irradiation system of claim 2 wherein
at least one of the beam paths is an electron bean.

4. The irradiation system of claim 3 wherein
the means for entraining articles is a high roller chain.

5. The irradiation system of claim 4 wheréin
at least one of the beam pass conveyors has a continuous
chain in the beam path.

6. The irradiation system of claim 5 further
comprising totes and/or trays for transporting articles,
wherein the totes and/or trays are conveyed by the

conveyors.
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7. The irradiation system of claim 6 wherein
at least one of the beam pass conveyors has a means for
capturing a tote and/or tray.

8. The irradiation system of claim 7 wherein
the means for capturing a tote and/or tray is a rack that
mates with extended pins on a conveyor chain.

9. The irradiation system of claim 8 wherein
the conveyors systems are floor mounted.

~10. The irradiation system of claim 9 where
the irradiation system further comprises an upper level and
a lower level, wherein the first conveyor system and the
radiation source are located on the upper level and the
second conveyor system i1s located on the lower level, and
wherein the vertical beam @ath is directed substantially
downward.

11. The irradiation system of «claim 10
further comprising:

— a lowerator for lowering trays from the upper level to
the lower level; and '

— an elevator for raising trays from the lower level to
the upper level.

12. The irradiation system of claim 11
further compfising a third conveyor system located above
the first conveyor system and a beam path extending
substantially upwardly from the radiation source, wherein
the third conveyor system transports articles through ﬁhe
upwardly extending beam path.

13. An irradiation system comprising:

— an upper level;
— a lower level;

— a.middle level;

—~ a radiation source, located on the middle level, having

at least one beam path extending substantially
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horizontally from the radiation source, at least one
beam path extending substantially downward from the
radiation source, and at least on beam path extending

substantially upward from the radiation source;

— a first conveyor system, located on the middle level for
transporting articles through the horizontal beam path
one or more times and having a rotator for rotating the

articles;

— a second conveyor system, located on the lower level,
for transporting articles under the vertical beam path

through the vertical beam path one or more times; and

— a third conveyor, located on the upper level, for
transporting articles over the vertical beam path one or
more times.

14. An irradiation system comprising:

— a radiation source having at least one beam path;

— a conveyor system for transporting articles through at
least one beam path, wherein the conveyor system has an
entrainment conveyor adjacent to a beam pass conveyor,
wherein the entrainment conveyor precedes the beam pass
conveyor and travels at a faster rate of speed than the
beam pass conveyor, whereby articles traveling on the
faster entrainment conveyor can be slowed when meeting
up with articles traveling on the slower beam pass
conveyor, ~wherein the beam pass conveyor transports
articles through the beam path on a continuous chain.

15. The irradiation system of claim 14
further comprising a gap fault switch linked to the
irradiation source wherein the gap fault switch senses gaps

between adjacent articles as a function of time and wherein

. the gap fault switch signals. the radiation source. to shut

off for a time corresponding to the time between adjacent

articles.
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16. The irradiation system of claim 14
further comprising an active rotation device for rotating
articles.

17. The irradiation system of «claim 16
further comprising a control device for adjusting beam
strength in response to changes in speed of the beam pass
conveyor so that consistent dose delivery is achieved.

18. The irradiation system of claim 17 where
the beam pass conveyor further comprises a flat top chain
for bearing articles.

19. The irradiation system of «claim 18
further comprising totes for transporting articles on the
conveyors.

20. The irradiation system of claim 19
further comprising trays for transporting articles on the
conveyors.

21. The irradiation system of claim 20 where
the beam pass conveyor further comprises two parallel
stainless steel extended pin chains for capturing and
bearing totes and/or trays.

22. An irradiation system comprising:

— a radiation source having at least one beam path;

|

a plurality of totes for carrying articles;

— a conveyor system for transporting the totes through the
beam path; wherein the conveyor system has a process
loop to transport totes through the beam path a
plurality of times;

— a tote stacker in the process loop for stacking totes

prior to transporting through the beam path; and

- a tote destacker in the process loop for separating

stacked totes after transporting through the beam path.
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23. The irradiation system of claim 22 where
the process loop further comprises a turntable for rotating
totes.

24. The irradiation system of claim 23 where
the process ioop further comprises an entrainment conveyor
adjacent to a beam pass conveyor, wherein the entrainment
conveyor precedes the beam pass conveyor and travels at a
faster rate of speed than the beam pass conveyor so that
totes may be positioned on the beam pass conveyor with
little or no gap between totes, wherein the beam pass
conveyor transports totes through the beam path.

25. The irradiation system of claim 24 where
the beam pass conveyor further comprises a flat top chain.

26. The irradiation system of claim 25 where
the entrainment conveyor further comprises a high roller
chain.

27. The irradiation system of <claim 26
further comprising a control device for adjusting beam
strength in response to changes in speed of the beam pass

conveyor so that consistent dose delivery is achieved.
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