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1
FLASH LAMP SYSTEM FOR DISINFECTING
CONVEYORS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to U.S. Provisional Patent
Application 62/822,292, titled “Flash Lamp System for
Disinfecting Conveyors,” filed Mar. 22, 2019, the content of
which is incorporated herein by reference in its entirety.

TECHNICAL FIELD

This disclosure relates to generally to flash lamp systems,
and in particular to a flash lamp system for treating and
disinfecting a conveyor.

BACKGROUND

Ultraviolet (UV) radiation can be used for many purposes,
including sterilizing and disinfecting water, food, packag-
ing, and other objects (such as mail or keyboards), or for
curing or annealing materials, such as adhesives or coatings,
or sintering conductive inks. UV radiation can be provided
in a continuous manner (e.g., with a mercury lamp) with
relatively lower power over a longer duration, or with one or
more flashes or pulses of high-intensity, short duration UV
energy from a xenon flash lamp. One advantage of flash
lamp systems is that the high-power, short duration flashes
do not heat up workpieces or substrates as much as con-
tinuous-operation mercury lamps can.

Flash lamps provide UV energy with a broad range of
wavelengths/frequencies. For disinfection, there is a germi-
cidal range of UV energy with wavelengths from about 100
nm to over 300 nm, with a peak effectiveness in a wave-
length range of about 250-280 nm. With sufficient energy
density (mJ/cm?) at these wavelengths (also referred to as a
“dose”), the UV energy disrupts the DNA of viruses, bac-
teria, and protozoa to a desired confidence level. See, e.g.,
U.S. Patent Application Publication No. 2004/0028553,
assigned to Xenon Corporation, which is incorporated
herein by reference.

SUMMARY OF THE INVENTION

Systems and methods are disclosed herein for treating and
disinfecting a conveyor during operation in which items are
transported in a substantially continuous manner in revolu-
tions, the conveyor including an operating area where items
are transported and a separate treatment area where the
conveyor is treated to disinfect the conveyor. In some
embodiments, the system includes a flash lamp system for
providing flashes of energy from at least one light source to
the treatment area of a conveyor and a flash lamp controller
configured to control a timing of the flashes so that the
flashes are provided to discontinuous segments of the con-
veyor during each revolution, such that over multiple revo-
Iutions, all segments of the conveyor obtain a desired level
of energy sufficient for disinfection. In some embodiments,
the flash lamp controller is responsive to information relat-
ing to a linear speed of the conveyor, for changing the timing
of flashes in response to changes in the linear speed.

In some embodiments of the present disclosure, the flash
lamp controller is responsive to information regarding a
disinfection level of the conveyor, for altering one or more
of energy and flash timing based on the disinfection level. In
some embodiments, the systems or methods also include a
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second flash lamp system for providing flashes of energy to
products in the operating area and/or the at least one light
source is directed to a bottom return side of the conveyor. In
other embodiments, the systems or methods include a con-
veyor speed sensor system, wherein the flash lamp controller
receives speed information from the speed sensor system,
wherein the speed sensor senses one or more of a conveyor
belt speed, rotations of a conveyor roller, and a translation
rate of the conveyor. In some embodiments, the systems or
methods include a conveyor having a top side for transport-
ing products, and a bottom side, wherein the flash lamp
system is positioned to provide energy to the bottom side of
the conveyor.

These and other capabilities of the disclosed subject
matter will be more fully understood after a review of the
following figures, detailed description, and claims. It is to be
understood that the phraseology and terminology employed
herein are for the purpose of description and should not be
regarded as limiting.

BRIEF DESCRIPTION OF FIGURES

Various objectives, features, and advantages of the dis-
closed subject matter can be more fully appreciated with
reference to the following detailed description of the dis-
closed subject matter when considered in connection with
the following drawings, in which like reference numerals
identify like elements.

FIG. 1 shows a conveyor sterilization system, according
to some embodiments of the present disclosure.

FIG. 2 shows a conveyer, according to some embodiments
of the present disclosure.

DETAILED DESCRIPTION

Referring to FIG. 1, the embodiments described herein
relate to systems and methods for treating a conveyor for
items and can be used while the conveyor is being used to
transport the items in normal operation, such as transporting
items for inspection, UV treatment, or packaging, as
opposed to a separate sterilization process. The systems and
methods for disinfecting the conveyor can be used with or
without a flash lamp system used for treating the items
themselves. The systems and methods can be used with
different types of conveyors, such as a belt conveyor or a
metallic mesh.

One way to disinfect a conveyor would be to stop the
operation of the conveyor and implement a disinfection
process. However, this approach would require that the
conveyor be shut down and allow contamination between
cleanings.

FIG. 1 shows a conveyor sterilization system 100, accord-
ing to some embodiments of the present disclosure. A
conveyor 10 is represented as being used with a front roller
18 and a rear roller 20 and having a top side 12 for moving
items 14, and a bottom return side 16. To simplify, and for
purposes of explanation, assume that the front roller 18 is a
drive roller for causing the conveyor 10 to move in the
longitudinal direction, and the rear roller 20 is a passive,
non-driven roller. In some embodiments, the roles of front
roller 18 and rear roller 20 may be reversed such that rear
roller 20 serves as the drive roller and front roller 18 is a
passive, non-driven roller. In other embodiments, both roll-
ers 18 and 20 may be serve as drive rollers in conveyor
sterilization system 100. A system could also have other



US 11,174,107 B2

3

numbers of rollers and other geometry. For example, three
rollers arranged in a triangular manner, or four arranged in
a rectangle.

Conveyor 10 may be used to transport any items and
conveyor 10 may be used for any purpose. In one embodi-
ment, where disinfection might be highly desired would be
with food products that come into direct contact with the
conveyor, e.g., frozen meatballs or fresh blueberries. In this
case, it would be desirable to disinfect the conveyor 10 so
that microbes on the conveyor do not contaminate the food
products.

In some embodiments, a flash lamp system 24 for disin-
fecting the conveyor 10 is placed under conveyor 10 facing
the bottom return side 16 to treat the conveyor 10 at a
location separate from the location of items 14. In some
embodiments, flash lamp system 24 could include one lamp
or a bank of lamps (not shown) in a one-dimensional or
two-dimensional array. See, e.g., U.S. Patent Application
Publication No. 2014/0042342, assigned to Xenon Corpo-
ration, incorporated herein by reference.

The number of lamps and frequency at which the lamps
are flashed, also referred to herein as a flash initiation time,
may depend on the desired level of sterility for conveyor 10.
It would be possible to have a sufficient number of lamps
and/or sufficient frequency of flashes so that the conveyor is
continuously disinfected. Increasing the number of lamps
and flash initiation time allows the operator to achieve a
desired sterility assurance level. In some embodiments,
conveyor sterilization system 100 may result in a sterility
assurance level of 107, The frequency at which flash lamp
system 24 flashes may be based on the flash initiation time
as set by an operator. The flash initiation time may be a
predetermined, constant time interval or a variable time
interval based on the translational speed of conveyor 10,
described further below. In some embodiments, the
increased number of lamps in flash lamp system 24 would
result in higher costs of operation and would be more
energy-intensive than necessary or desired. Similarly, an
increased frequency of operation of flash lamp system 24
would also result in higher costs of operation and would be
more energy-intensive.

The flash lamp system 24 further includes a flash lamp
controller 26 that causes flash lamp system 24 to flash at
desired times. The flash lamp controller 26 may receive
information regarding the speed at which conveyor 10 is
circulating. Such information may include, among others,
the number of rotations per second of front roller 18 or rear
roller 20, the translational rate of conveyor 10 measured in
distance divided by a unit time, or the number of items 14
passing past a specific point of conveyor sterilization system
100. This information could come from a direct or indirect
connection to a conveyor controller 28 that drives the
conveyor, or from a sensor, represented at 30, that can be
built into, or added to, the conveyor sterilization system 100,
e.g., at either one of front roller 18 or rear roller 20.

Flash lamp system 24 can disinfect over a treatment area
36 of conveyor 10. Treatment area 36 of conveyor 10 may
be defined by the entire width of conveyor 10 over a
longitudinal, linear distance along conveyor 10. In other
embodiments, treatment area 36 of conveyor 10 may be
defined by a width of conveyor 10 less than the entire width
over a longitudinal, linear distance along conveyor 10. Flash
lamp controller 26 uses information about the linear distance
of treatment area 36 and the conveyor 10 speed to determine
an appropriate flash initiation time such that flash lamp
system 24 flashes at appropriate times to disinfect conveyor
10 completely for a set number of revolutions of conveyor
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10. In some embodiments, the flash initiation time may be
set by flash lamp controller 26 based on the translational
speed of conveyor 10. In other embodiments, flash lamp
controller 26 may adjust the flash lamp initiation time to
coincide with changes in the speed of conveyor 10.

For example, assume conveyor 10 has a total length of 10
meters, and the flashes from the flash lamp system 24
disinfect 1 meter of the linear distance across the entire
width of the conveyor 10. The flash lamps in flash lamp
system 24 could flash twice for every revolution of conveyor
10 to ensure that the entire surface area conveyor is treated
every five revolutions, or at appropriate times for disinfec-
tion every three, or eight, or any desired number of revolu-
tions of conveyor 10. If treatment to the conveyor 10 is
provided with two flashes per revolution, and treated every
five revolutions, the flash initiation times need to be set so
that ten different linear meters are being treated over the
course of five revolutions.

The flash initiation times can be divided to avoid overlap
so the frequency is constant for a constant conveyor speed.
For example, FIG. 2 shows conveyor 10 as if it were
virtually cut transversely and laid out in ten individual linear
segments, numbered one through ten, of one meter each. In
this example, the lamps flash every time the conveyor travels
70% of conveyor’s 10 linear distance. In this case, meters #1
and #8 of conveyor 10 would be treated by flash lamp
system 24 at flash instances #1 and #2 in the first revolution,
meter #5 would be treated by flash lamp system 24 at flash
instance #3 in the second revolution, and so forth with the
remaining meter segments with corresponding flash
instances until all ten meters of conveyor 10 were treated
with flash instances over the course of seven full revolutions.
In other words, the flashes are provided to separated sections
of'the conveyor. An operator may set other time intervals for
flash initiation times as a function of the longitudinal, linear
distance of conveyor 10 and the desired number of revolu-
tions necessary to disinfect the entire linear distance of
conveyor 10. For example, an operator could program flash
instances for every 33% of the conveyor’s 10 linear distance,
in which case the conveyor is fully treated approximately
every three revolutions.

Using the conveyor speed information as received by
conveyor controller 28 or sensor 30, conveyor sterilization
system 100 can compensate for different conveyor 10 speeds
in different applications. For example, conveyor sterilization
system 100 may be modified by an operator for different
forms of treatment to the items or for different types of
items, and/or can adjust in real time in response to changes
in the line speed of the conveyor’s rotation during operation.
For example, conveyor sterilization system 100 may be used
in conjunction with other disinfection treatment methods
depending on the needs of an operator or to supplement
pre-existing disinfecting systems.

Referring back to FIG. 1, in another embodiment, the
conveyor sterilization system 100 can be used while a
second flash lamp system 40 is used to treat items on the top
side 12 of conveyor 10. In other embodiments, conveyor 10
may be used for other purposes than those described above
with respect to FIG. 1, such as for optical inspection of items
14 or to transport items 14 to another location (e.g., to a
packaging process, or as part of a counting process, etc.).
Additional conveyors or systems for packaging or other
purposes are not shown.

A sensor 42 could be provided in conveyor 10 and
coupled directly or indirectly to controller 26 to allow the
system to ensure that flash lamp system 24 and/or second
flash lamp system 40 are effectively disinfecting the con-
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veyor 10 as expected by an operator. Controller 26 may
receive information from sensor 42 via wired or wireless
means including. Sensor 42 may comprise a single sensor
element at a single point in conveyor 10 or multiple sensors
at different locations in conveyor 10.

Controller 26 can include any special-purpose or general-
purpose hardware and software for controlling aspects of the
system, such as a microprocessor, microcontroller, field
programmable gate array (“FPGA”), volatile and non-vola-
tile memory, among others, and can represent multiple
interconnected controllers. While shown separately, one
controller could be used for conveyor 10 and for flash lamp
system 24 and second flash lamp system 40. In some
embodiments, controller 26 may control communicate with
conveyor 10, flash lamp system 24, and second flash lamp
system 40 through wired and wireless connections such as
an access control system, programmable logic controller,
proportional integral derivative controller, or a computing
device in a local area network (LAN). Wireless connections
may include a wide-area network (WAN), wireless local area
network (WLAN) connections, Bluetooth, or IR wireless
connection and may be operated over cloud-based or dis-
tributed networks.

Embodiments of the present disclosure relate to systems
for disinfecting a conveyor with a flash lamp system, includ-
ing while the conveyor is in normal working operation;
methods for disinfecting a conveyor with a flash lamp
system, including while the conveyor is in normal working
operation; systems and methods for disinfecting a conveyor
that can disinfect a conveyor over multiple revolutions of a
conveyor, and can adjust the frequency from time to time or
on the fly; systems and methods for disinfecting a conveyor
that can compensate for different rates of speed, including on
the fly; systems and methods for disinfecting a conveyor that
can include a sensor for detecting that a portion of the
conveyor has been treated.

Various other modifications, including additions and
removals, can be made to the exemplary embodiments
discussed without departing from the scope of the present
disclosure. For example, while the embodiments described
above refer to particular features, components, or particular
steps, the scope of this disclosure also includes embodi-
ments having different combinations of features, compo-
nents, or steps, and embodiments that do not include all of
the above described features, components, or steps. Terms
such as “above” and “below” are used as relative terms, and
not in an absolute sense.

It is to be understood that the disclosed subject matter is
not limited in its application to the details of construction
and to the arrangements of the components set forth in the
description or illustrated in the drawings. The disclosed
subject matter is capable of other embodiments and of being
practiced and carried out in various ways. For example,
while the conveyor is shown as having two rollers such that
the conveyor is parallel in its top and return tracks, the
disclosed system could include three or more rollers in a
triangular or other cross-sectional shape. Also, it is to be
understood that the phraseology and terminology employed
herein are for the purpose of description and should not be
regarded as limiting. All documents referred to here, includ-
ing without limitation patents and publications assigned to
Xenon Corporation, are incorporated herein by reference in
their entireties and for all purposes. The systems described
in these prior publications could be used in whole or in part
with the systems disclosed here.
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The invention claimed is:

1. A system for treating and disinfecting a conveyor
during operation in which items are transported in a sub-
stantially continuous manner in revolutions, the system
comprising:

a flash lamp system for providing a series of high-
intensity, short-duration flashes of energy from at least
one light source to a treatment area of the conveyor, the
treatment area including an area of the conveyor where
the conveyor is treated to disinfect the conveyor sepa-
rate from an operating area of the conveyor where the
items are transported; and

a flash lamp controller configured to control a frequency
of the flashes based on a combination of a translational
speed of the conveyor, a linear distance of the treatment
area, and a flash illumination area so that the flashes are
provided to discontinuous segments of the conveyor
during each revolution, such that over a set number of
multiple revolutions, all segments of the conveyor
obtain a desired level of energy sufficient for disinfec-
tion of a complete length of the conveyor.

2. The system of claim 1, wherein the flash lamp con-
troller is configured to change the frequency of the flashes in
response to changes in the translational speed of the con-
veyor such that the complete length of the conveyor is
disinfected over the same set number of multiple revolu-
tions.

3. The system of claim 1, wherein the flash lamp con-
troller is responsive to information regarding a disinfection
level of the conveyor, for altering at least one member of a
group consisting of flash energy and the frequency of the
flashes based on the disinfection level.

4. The system of claim 1, further comprising a second
flash lamp system for providing flashes of energy to products
in the operating area.

5. The system of claim 1, wherein the at least one light
source is directed to a bottom return side of the conveyor.

6. The system of claim 2, further comprising a conveyor
speed sensor system, wherein the flash lamp controller
receives information relating to the translational speed of the
conveyor from the speed sensor system, wherein the speed
sensor senses at least one member of a group consisting of
a conveyor belt speed, rotations of a conveyor roller, and a
translation rate of the conveyor.

7. The system of claim 1, further comprising the conveyor
having a top side for transporting the items, and a bottom
side, wherein the flash lamp system is positioned to provide
the flashes of energy to the bottom side of the conveyor.

8. The system of claim 1 further comprising the conveyor.

9. A method for treating and disinfecting a conveyor
during normal operation in which items are transported in a
substantially continuous manner in revolutions, the method
comprising:

providing, to a treatment area of the conveyor, a series of
flashes of ultraviolet energy with a flash lamp system
having at least one light source, the treatment area
including an area of the conveyor where the conveyor
is treated to disinfect the conveyor separate from an
operating area of the conveyor where items are trans-
ported;

monitoring a translational speed of the conveyor; and

controlling a frequency of the flashes based on a combi-
nation of the translational speed of the conveyor, a
linear distance of the treatment area, and a flash illu-
mination area, such that flashes are provided to discon-
tinuous segments of the conveyor during each revolu-
tion in a manner that over a set number of multiple
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revolutions, all segments of the conveyor obtain a
desired level of energy sufficient for disinfection of a
complete length of the conveyor.
10. The method of claim 9, wherein the controlling
includes changing the frequency of flashes in response to
changes in the translation speed of the conveyor such that
the complete length of the conveyor is disinfected over the
same set number of multiple revolutions.
11. The method of claim 9, wherein the controlling
includes altering at least one member of a group consisting
of flash energy and the frequency of the flashes based on
information relating to a disinfection level of the conveyor.
12. The method of claim 9, wherein the providing
includes providing flashes to a conveyor used to transport
fresh food products.
13. The method of claim 9, wherein the providing
includes providing flashes to a conveyor used to transport
frozen food products.
14. The method of claim 9, wherein the treatment area is
on a lower bottom side of the conveyor, the method further
comprising providing flashes with a flash lamp system to the
items transported on a top side of the conveyor while also
providing disinfecting flashes to the bottom side.
15. A system comprising:
a conveyor having a top side for transporting products in
a substantially continuous manner, and a bottom side;

a flash lamp system having at least one flash lamp for
providing a series of high-intensity, short-duration
flashes of ultraviolet (UV) energy to the bottom side of
the conveyor to disinfect the conveyor; and
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a flash lamp controller for controlling the flash lamp
system to cause the flashes to be provided to discon-
nected segments of the conveyor during each revolu-
tion of the conveyor, while also controlling the flash
lamp system based on a combination of a translational
speed of the conveyor, a length of the conveyor, and a
flash illumination area to provide a sufficient number of
flashes and amount of UV energy for disinfection of all
segments of the conveyor over a set number of revo-
Iutions of the conveyor.

16. The system of claim 15, wherein the conveyor
receives one of fresh and frozen food products that are
transported on the top side of the conveyor.

17. The system of claim 15, further comprising a sensor
configured to provide information relating to the transla-
tional speed of the conveyor;

wherein the controller is coupled to the sensor and
receives the information relating to the translational
speed of the conveyor, and is responsive to changes in
the translational of the conveyor by altering a fre-
quency of flashes directed to the bottom side of the
conveyor.

18. The system of claim 15, wherein the controller
receives information relating to a level of disinfection of the
conveyor, and is responsive to changes in the level of
disinfection of the conveyor by altering at least one member
of'a group consisting of a frequency of flashes directed to the
bottom side of the conveyor and the energy level of the
flashes.
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