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(57) Abréegée/Abstract:

A conveyor oven Includes a controller configured to change the operation of a first set of burners and a second set of burners from
a cooking mode to an energy saving mode based at least In part upon detection of the absence of food In the oven chamber. The
first set of burners operating at a first intensity during the cooking mode and are off during the energy saving mode. The second set
of burners operating at a first intensity during the cooking mode and being adjustable to a different intensity during the energy
saving mode, where the second set of burners produce heat during the different intensity.
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(57) Abstract: A conveyor oven includes a controller configured to change the operation of a first set of burners and a second set
of burners from a cooking mode to an energy saving mode based at least in part upon detection of the absence of food i the oven
chamber. The first set of burners operating at a first intensity during the cooking mode and are off during the energy saving mode.
The second set of burners operating at a first intensity during the cooking mode and being adjustable to a different intensity during

the energy saving mode, where the second set of burners produce heat during the different intensity.
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APPARATUS AND METHOD FOR
CONTROLLING A CONVEYOR OVEN

CROSS-REFERENCE TO RELATED APPLICATION

[0001] Priority is hereby claimed to U.S. Patent Application No. 12/785,050, filed May
21, 2010, and to U.S. Patent Application No. 12/550,034, filed August 28, 2009, the entire

contents of which are hereby incorporated by reference.
BACKGROUND

[0002] Conveyor ovens are commonly used for cooking a wide variety of food products,
such as for cooking pizzas, baking and toasting bread, and the like. Examples of such ovens
are shown, for example, in International Patent Application No. PCT/2009/030727, the entire

contents of which are incorporated herein by reference.

[0003] Conveyor ovens typically have metallic housings with a heated tunnel extending
therethrough, and one or more conveyors running through the tunnel. Each conveyor (in the
form of a conveyor belt, for example) transports food items through the heated oven tunnel at
a speed calculated to properly bake food on the conveyor belt during the time the conveyor
carries the food through the oven. Conveyor ovens generally include a heat delivery system
that may include one or more blowers supplying heated air to the tunnel, such as from a
plenum to the tunnel. In some conveyor ovens, the hot air 1s supplied to the tunnel through
passageways that lead to metal fingers discharging air into the tunnel at locations above
and/or below the conveyor. The metal fingers act as airflow channels that deliver streams of
hot air which impinge upon the surfaces of the food items passing through the tunnel on the
conveyor. In modern conveyor ovens, a microprocessor-driven control can be employed to
enable the user to regulate the heat provided to the tunnel, the speed of the conveyor, and

other parameters to properly bake the food item being transported through the oven.

[0004] Some conveyor ovens include one or more gas burners positioned to heat air (e.g.,
in a plenum) before 1t 1s supplied to the tunnel to heat the food. In such ovens, the gas burner
can include a modulating gas valve providing fuel to the burners, and a combustion blower
providing enough air for efficient combustion of the fuel. An oven controller can monitor the
temperature at one or more locations within the tunnel, and can adjust the modulating gas
valve to provide more or less heat to the tunnel. If the measured temperature 1s lower than a

set point temperature, the modulating gas valve i1s adjusted to supply more fuel. Conversely,
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if the measured temperature 1s higher than the set point temperature, the modulating gas valve
1s adjusted to supply less fuel. In some conventional ovens, the combustion blower and the
modulating fuel valve are adjusted proportionally. For example, if the modulating fuel valve

1s adjusted to double the amount of fuel output, the speed of the combustion blower 1s also

doubled.
SUMMARY

[0005] Some embodiments of the present invention provide a conveyor oven having a
cooking mode and an energy saving mode, the conveyor oven comprising an oven chamber
in which food 1s cooked, a conveyor moveable to convey the food through the oven chamber,
and a first set of one or more burners configured to generate heat for the oven chamber,
wherein the first set of one or more burners 1s operable at a first intensity during the cooking
mode and 1s turned off in the energy saving mode. The conveyor oven can also include a
second set of one or more burners configured to generate heat for the oven chamber. The
second set of one or more burners can operate at a first intensity during the cooking mode and
can be variable to a different intensity in the energy saving mode in which the second set ot
one or more burners generates heat at the different intensity. The conveyor oven can also
include a controller responsive to the absence of food 1n the oven chamber, with the
controller being configured to change operation of the first set of one or more burners and the
second set of one or more burners from the cooking mode to the energy saving mode based at

least 1n part upon the detection of the absence of food 1n the oven chamber.

[0006] Some embodiments of the present invention provide a conveyor oven having a
cooking mode and an energy saving mode, wherein the conveyor oven comprises an oven
chamber 1n which food is cooked, a conveyor moveable to convey the tood through the oven
chamber, and a first valve contigured to regulate the flow of gas to a first set of one or more
burners and a second set of one or more burners. The gas flows through the first valve at a
tirst flow rate during the cooking mode, and 1s variable to a different flow rate in the energy
saving mode 1n which the first valve allows at least some gas to flow therethrough at the
different flow rate. The conveyor oven can also include a second valve configured to
regulate the flow of gas between the first valve and the first set of one or more burners. The
gas can flow through the second valve at a first flow rate during the cooking mode and 1s
restricted from flowing during the energy saving mode. The conveyor oven can also include

a controller responsive to the absence of tood 1n the oven chamber, wherein the controller
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adjusts the first valve and the second valve between the cooking mode and the energy saving

mode 1n response to detection of the absence of food 1n the oven chamber.

[0007] Some embodiments of the present invention provide a conveyor oven comprising
an oven chamber 1n which food 1s cooked, a conveyor moveable to convey the food through
the oven chamber, and a main blower that circulates air within the oven chamber. The main
blower can be operable at a first speed, a second speed slower than the first speed, and a third
speed slower than the second speed. The conveyor oven can also include at least one gas
burner, a combustion blower that provides air to the at least one gas burner, and a controller
responsive to the absence of food in the oven chamber and the activation or increase 1n speed
of the combustion blower. The controller can be configured to change the speed of the main
blower from the first speed to the second speed based at least in part upon the detection of the
absence of food in the oven chamber and 1s configured to change the speed of the main
blower from the second speed to the third speed based at least upon the detection of the

activation or increase 1n speed of the combustion blower.

[0008] Some embodiments of the present invention provide a conveyor oven comprising
an oven chamber 1n which food 1s cooked, a conveyor moveable to convey the tood through
the oven chamber, and a main blower that circulates air within the oven chamber. The main
blower can be operable at a first speed, a second speed slower than the first speed, and a third
speed slower than the second speed. The conveyor oven can also include at least one gas
burner, a gas burner airflow rate at least partially defined by the speed of the main blower,
and a controller responsive to the absence ot food 1n the oven chamber and the gas burner
airflow rate. Furthermore, the controller can be able to change the speed of the main blower
from first speed to the second speed based at least 1n part upon the detection of the absence of
food 1n the oven chamber, and can be contigured to change the speed of the main blower
from the second speed to the third speed when the gas burner airflow rate exceeds a

predetermined minimum.

[0009] Some embodiments of the present invention provide a conveyor oven having a
cooking mode and an energy saving mode, an oven chamber 1n which food is cooked, a
conveyor moveable to convey the food through the oven chamber, and a first set of one or
more burners configured to generate heat for the oven chamber. The first set of one or more
burners can be operable at a first intensity during the cooking mode, and can be turned off 1n

the energy saving mode. The conveyor oven can also include a second set of one or more
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burners configured to generate heat for the oven chamber, wherein the second set of one or
more burners 1s operable at a first intensity during the cooking mode and 1s variable to a
different intensity in the energy saving mode, wherein a gas burner airflow rate passing
through at least one of the burners of the first set of one or more burners or at least one of the
burners of the second set of one or more burners is variable between the cooking mode and

the energy saving mode.

[0010] Some embodiments of the present invention provide a conveyor oven having an
oven chamber in which food 1s cooked, a conveyor moveable to convey the tood through the
oven chamber, at least one gas burner having a gas burner airflow rate passing therethrough,
a blower that circulates air, and a damper adjustable between a first contfiguration and a
second contiguration different from the first configuration in order to adjust the gas burner

airflow rate.

[0011] Some embodiments of the present invention provide a conveyor oven comprising
a main blower that circulates air within a cooking chamber, at least one gas burner; a valve
having a setting that determines an amount of gas provided to the gas burner; at least one
combustion blower that provides air to the at least one gas burner; and a controller that
monitors an internal temperature of the oven, adjusts the setting of the valve based at least in
part on the internal temperature of the oven, adjusts a speed of the main blower, wherein the
speed of the main blower includes at least a high speed setting and a low speed setting, and
adjusts a speed of the at least one combustion blower based at least in part on at least one of

the internal temperature ot the oven and the speed ot the main blower.

[0012] In some embodiments, the controller lowers the speed of the combustion blower
when the main blower transitions from the low speed setting to the high speed setting, and/or
increases the speed of the combustion blower when the main blower transitions from the high
speed setting to the low speed setting. Also, in some embodiments, the controller determines
an appropriate speed setting for the combustion blower by accessing a look-up table stored on
a computer-readable memory. The look-up table can 1dentity a plurality of speed settings
based on internal oven temperature and main blower speed. In some embodiments, the
controller calculates an appropriate combustion blower speed setting based on internal oven

temperature and main blower speed.
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[0013] Some embodiments of the present invention provide a method of controlling a
combustion blower in a conveyor oven, wherein the method comprises measuring an internal
temperature of the conveyor oven as determined by a temperature sensor; determining the
speed of a main blower circulating air within an internal chamber of the conveyor oven;
providing fuel to a burner within the conveyor oven through an electronically-controlled
modulating fuel valve; controlling the output of the modulating fuel valve to adjust the
internal temperature ot the conveyor oven toward a set-point temperature; determining a
speed setting for a combustion blower based at least in part on at least one of the measured
internal temperature of the oven and the speed of the main blower; and operating the

combustion blower at the determined speed setting.

[0014] Some embodiments of the present invention provide a conveyor oven including a
cooking chamber, a first chamber 1n communication with the cooking chamber, the first

chamber having a first air pressure, a second chamber having a second air pressure, and at

least one gas burner having an outlet disposed 1n the first chamber and an 1nlet disposed 1n
the second chamber. The gas burner is 1n fluid communication with both the first and second
chambers, where a gas burner airtlow rate 1s at least partially defined by the difference
between the first and second air pressures. The conveyor oven also includes a controller
operable to vary the second air pressure in response to a change in the first air pressure to
maintain a desired air pressure difference between the first air pressure and the second air

pressure.

[0015] Other aspects of the present invention will become apparent by consideration of

the detailed description and accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] Fig. 1 1s a perspective view of a conveyor oven in accordance with an

embodiment of the invention.

[0017] Fig. 2 is a perspective view of a portion of the conveyor oven of Fig. 1, in which a
hinged oven access panel has been opened to reveal some of the internal components of the

OVCIL.

[0018] F1g. 3 1s a schematic 1llustration of an embodiment of the control system of the

conveyor oven of Fig 1.
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[0019] Fig. 4 1s a diagrammatic representation of the tunnel of the conveyor oven of FFig

1.

[0020] F1g. 5 1s a side view of the internal compartments of the conveyor oven of Fig. 1.
[0021] Fig. 6 is a diagrammatic representation of a gas burner.

[0022] Fig. 7 1s a flowchart illustrating an energy management mode for the conveyor

oven of I1g. 1.

[0023] FF1g. 7a 1s a flow chart 1llustrating an alternative energy management mode for the

conveyor oven of Fig. 1.

[0024] Fig. 8 1s a flowchart illustrating a method of controlling a combustion blower in

the conveyor oven of Fig. 1.

[0025] Fi1g. 9 1s an example of a look-up table used to determine an appropriate speed of a

combustion blower 1n the conveyor oven of Fig. 1.

[0026] Fig. 10 is flowchart illustrating a second alternative energy management mode for

the conveyor oven of Fig. 1.

[0027] Fig. 11 1s a schematic view of a first embodiment of a conveyor oven fuel delivery

system, shown 1n a first operating mode.

[0028] Fig. 12 is a schematic view of the conveyor oven fuel delivery system of Fig. 11,

shown 1n a second operating mode.

[0029] Fig. 13 1s a schematic view of a second embodiment of a conveyor oven fuel

delivery system, shown 1n a first operating mode.

[0030] Fig. 14 is a schematic view of the conveyor oven fuel delivery system of Fig. 13,

shown 1n a second operating mode.

[0031] Fig. 15 1s a schematic view of the conveyor oven fuel delivery system of Fig. 13,

shown 1n a third operating mode.

[0032] Fig. 16 1s a plan view of another embodiment of a conveyor oven according to the

present invention.
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[0033] Fig. 17 is a perspective view of a burner compartment of the conveyor oven of Fig

16, shown with the heat and fuel delivery systems removed.

[0034] Fig. 18 1s a perspective view of the burner compartment of the conveyor oven of

Figs. 16 and 17, shown with a burner assembly partially removed from the plenum.

[0035] F1g. 19 1s a perspective view of the burner compartment of the conveyor oven of

Figs. 16-18, shown with a fuel delivery system 1nstalled therein.

[0036] Fig. 20 1s a perspective view of the burner compartment of the conveyor oven of

Figs. 16-19, shown with another fuel delivery system installed therein.

[0037] Fig. 21 1s a plan view of another embodiment of a conveyor oven according to the

present invention.

[0038] Fig. 22 is a perspective view of a burner box with an air control system attached.
[0039] Fig. 23 is a section view taken along lines 23—23 of Fig. 22.

[0040] Fig. 24 1s a perspective view of the burner box of Fig. 22, shown with the air

control system removed for clarity.

DETAILED DESCRIPTION

[0041] Before any embodiments of the present invention are explained in detail, 1t is to be
understood that the invention 1s not limited 1n its application to the details of construction and
the arrangement of components set torth 1n the following description or illustrated in the
following drawings. The invention 1s capable of other embodiments and of being practiced

or of being carried out 1n various ways.

[0042] FIG. 1 shows a conveyor oven 20 having a conveyor 22 which runs through a
heated tunnel 24 of the oven. The 1llustrated conveyor 22 has a width generally
corresponding to the width of the heated tunnel 24, and 1s designed to travel in direction A
from left oven end 26 toward right oven end 28 or, alternatively in direction B, from right
oven end 28 toward lett oven end 26. Thus, oven ends 26 and 28 may serve respectively as
the 1inlet and outlet of an oven 20 with a rightwardly moving conveyor 22 or as the outlet and

inlet of an oven 20 with a leftwardly moving conveyor 22. Although the conveyor oven 20
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illustrated in FIG. 1 has only a single conveyor 22, any number of additional conveyors 22 in

any desired arrangement can be used 1n other embodiments.

[0043] In some embodiments, the oven 20 can have one or more sensors positioned to
detect the presence of food product on the conveyor 20 at one or more locations along the
length of the conveyor 20. By way of example only, the oven 20 1llustrated 1n Fig. 1 has
photosensors 79, 81 (see FFigs. 3 and 4) positioned at the entrance of the oven tunnel 24 to
detect the presence of a food item on the conveyor 22. In other embodiments, other types of
sensors (e.g., other optical sensors, mechanical sensors, temperature sensors, and the like) can
be positioned at the entrance of the oven tunnel 24, at any other location upstream of the oven
tunnel 24, at the exit of the oven tunnel 24, at any other location downstream of the oven
tunnel 24, and/or at any location within the tunnel 24. Such sensor(s) can be connected to a
controller 42 (described 1n greater detail below) to trigger a change in operation of the
conveyor 22, such as to start, stop, increase and/or decrease the output of one or more gas
burners of the oven 20, to start, stop, speed up, or slow down one or more blower fans of the
oven 20, and/or start, stop, speed up or slow down the conveyor 22. In these cases, such
changes can be 1nitiated immediately upon detection of the food product at one or more
locations along the conveyor 20, or can be 1nitiated after a predetermined period of time (e.g.,

a programmed or otherwise set period of time) has passed.

[0044] The conveyor 22 can be implemented using conventional components and
techniques such as those described 1n U.S. Patent Nos. 5,277,105 and 6,481,433 and
6,655,373, the contents of which are incorporated herein by reference insofar as they relate to
conveyor support, tracking, and drive systems, and related methods. In the illustrated
embodiment by way of example only, a chain link drive 1s housed within compartment 30 at
the lett end 26 of the oven. Thus, a food 1tem 32R, such as a raw pizza or a sandwich (to be
toasted), may be placed on the conveyor 22 of the incoming left oven end 26, and removed
from the conveyor 22 as a fully baked food item 32B at the outgoing right oven end 28. The
speed at which the conveyor 22 moves 1s coordinated with the temperature 1n the heated

tunnel 24 so that the emerging food item 32B 1s properly baked, toasted, or otherwise cooked.

[0045] A hinged door 34 is provided on the front of the oven 20 shown in FIG. 1, with a
handle 35 and a heat resistant glass panel 36 permitting a person operating the oven to view a
food 1tem as 1t travels through the oven 20. In the illustrated embodiment, a stainless steel

metal frame surrounds the oven opening, and provides a support for a gasket of suitable
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material (not shown), so that when the hinged door 34 1s 1n its closed position, 1t fits against
and compresses the gasket to retain heat in the oven 20. Also, the operator may open the
door 34 by pulling on handle 35 to place a different product on the conveyor 22 if less than a
tull cooking cycle 1s required to produce a fully cooked product. A hinged oven access panel
38, open as shown 1n FIG. 2, provides access to internal components of the oven 20, such as

gas burners 100, 150 and a combustion blower 155.

[0046] FIG. 3 illustrates a schematic example of a control system for the oven 20 shown
in FIGs. 1 and 2. In the 1llustrated control system, a controller 42 includes one or more
displays 655, and a control interface 660. The 1llustrated controller 42 also includes a central
processing unit (“CPU”) 650 for controlling operation of a plurality of devices, including the
gas burners 100, 150, two main blower fans 72, 74, the conveyor 22, and a combustion
blower 155. The CPU 650 can be 1n the form of a microcontroller or programmable logic
controller (PLC) with an associated memory unit 1n which software or a set of instructions 1s
stored, can instead be defined by a plurality of discreet logic elements, or can take any other
form suitable for control of the gas burners 100, 150, main blower fans 72, 74, conveyor 22,
and combustion blower 155. The illustrated CPU 650 receives input from a plurality of
sensors including one or more temperature sensors 30, 82 positioned inside the oven, and one
or more photosensors 79, 81 (described above). In some alternate constructions, the
controller 42 may also or instead provide tor manual input (e.g., via buttons, switches, or
other controls operated by a user) to trigger operational change of the conveyor oven
components described herein, such as to start, stop, increase the speed of, or decrease the
speed of either or both main blower fans 72, 74, combustion blower 155, and/or the conveyor
22, and/or to start, stop, increase, or decrease the heat output of either or both gas burners
100, 150. Also 1in some embodiments, one or more of the above stated components may be
adjusted directly by the user without any input from a controller 42 (1n which cases the

controller 42 need not necessarily exist).

[0047] Although the oven 20 illustrated in FIGs. 1-3 includes two gas burners 100, 150
and two main blower fans 72, 74, any number of gas burners 100, 150 and blower fans 72, 74
can be used 1n other embodiments. In those embodiments in which two or more gas burners
100, 150 and/or two or more blower fans 72, 74 are used, the CPU 650 can control operation
of the gas burners 100, 150 independently with respect to one another and/or can control

operation of the blower tans 72, 74 independently with respect to one another, or otherwise.
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[0048] The controller 42 in the 1llustrated embodiment adjusts the internal temperature of
the oven using a PID (proportional — integral — derivative) control module 55 (also described
in greater detail below). The PID control module 55 can calculate an amount of fuel needed
by the gas burners 100, 150 to raise the actual temperature toward a setpoint temperature, and
the CPU 650 can generate a command or signal to an amplifier board or signal conditioner
that controls a modulating fuel valve 408 (described below) to regulate the amount of fuel

provided to each of the gas burners 100, 150.

[0049] Heat delivery systems for supplying heat to the tunnel 24 are described generally
in U.S. Patent Nos. 5,277,105, 6,481,433 and 6,655,373, the disclosures of which are
incorporated herein by reference insofar as they relate to heat delivery systems for ovens. As
shown diagrammatically in FIG. 4 by way of example, the heat source for the conveyor oven
20 includes a pair of burners 100, 150 with respective heating flames 64, 66 supplying heat to
respective independent plenums 68, 70 associated with segments 20A and 20B of the oven
20. The heated air from the plenums 68, 70 1s blown into the two oven segments 20A, 20B
by separate blower tans 72, 74 through holes (e.g., 75 and 77) 1n groupings of metal fingers
76, 78 associated with the respective oven segments 20A, 20B. The temperature 1n each
tunnel segment 20A, 20B 1s monitored by a temperature sensor 80, 82. The temperature
sensors 30, 32 can include a thermocouple, a thermistor, or any other type of temperature
sensing element. The temperature sensors 30, 82 can be positioned 1n either the tunnel 24 or

within the plenums 68, 70, and are connected to the controller 42.

[0050] The configuration of the conveyor oven 20 illustrated in FIG. 4 1s presented by
way of example only. In this regard, it will be appreciated that the conveyor oven 20 can
have any number of tunnel segments 20A, 20B (including a single tunnel segment, or three or
more tunnel segments), any number of temperature sensors 80, 82 located anywhere along
the conveyor 22 (whether inside or outside the tunnel 24), any number of burners 100, 150,
and any number of fingers 76, 78, sets of such fingers 76, 78, or other elements and devices
tor distributing heated air to desired locations above and/or below the conveyor 22. Also,
although the 1llustrated conveyor oven 20 has two plenums 68, 70, heated air can instead be
produced and moved through the conveyor oven 20 through any other number of plenums,

and through appropriate ducts and conduits that are not necessarily 1identifiable as plenums

63, 70.
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[0051] In some embodiments, the speed of the main blowers 72, 74 may be varied at
times to reduce the amount of energy used by the conveyor oven 20 during periods of non-
activity. To provide control over fan speed in these and other cases, the main blowers 72, 74
can be driven by variable-speed electric motors (not shown) coupled to and controlled by the
controller 42. Power can be supplied to each variable-speed motor by, for example,
respective mverters. In some embodiments, each inverter 1s a variable-speed inverter
supplying power to the motor at a frequency that 1s adjustable to control the speed of the
motor and, therefore, the speed of each of the main blowers 72, 74. An example of such an
inverter 1s inverter Model No. MD60 manutactured by Reliance Electric (Rockwell
Automation, Inc.). By utilizing variable speed motors supplied by power through respective
inverters as just described, a significant degree of control over fan speed and operation 1s
available directly via the controller 42 connected to other components of the control system.
A similar motor control arrangement can also be used to control the speed ot the combustion
blower 155 (described 1n greater detail below), which functions to provide an appropriate

level of air to the burners 100, 150 for proper combustion of fuel supplied to the burners 100,
150.

[0052] The main blowers 72, 74 described and illustrated herein can be located at any of
a variety of locations with respect to the plenums 68, 70 of the oven 20, and can be used to
pull and/or push air with respect to the plenums 63, 70 and/or the tunnel 24. For example, 1n
some embodiments, the main blowers 72, 74 are positioned and oriented to draw air from the
tunnel 24 1nto one of the plenums 68, 70. The suction caused by the main blowers 72, 74
lowers the air pressure 1n the tunnel 24 and increases the air pressure 1n the plenums 63, 70,
thereby forcing heated air from the plenums 68, 70 into the tunnel 24 through the fingers 76,
78. In other embodiments, the main blowers 72, 74 are oriented to draw heated air from each

of the plenums 68, 70 1nto the tunnel 24 through the metal fingers 76, 78.

[0053] An example of an orientation and layout of components 1n a conveyor oven 20
according to the present invention 1s shown in Fig. 5, which 1s a cross-sectional view of one
of the oven segments 20B shown 1n Fig. 4. With reference to Fig. 5, a main blower 74 draws
air from the tunnel 24 1nto the plenum 70. The air 1s heated 1n the plenum 70 and 1s forced
back 1nto the tunnel 24 through the metal fingers 78 due to the increased air pressure in the
plenum 70 caused by the main blower 74. Upper and lower metal fingers 78 extend above

and below the conveyor 22 1n the tunnel 24. Holes 77 on the upper and lower metal fingers
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78 direct the heated air toward food 1tems 32 that are located on the conveyor 22, thereby

cooking the food items 32.

[0054] Fig. 6 illustrates a burner 100 of the oven 20 illustrated in FIGs. 1-5. The
illustrated burner 100 comprises a housing (e.g., an outer tube 102 as shown 1n the illustrated
embodiment) attached to a mounting plate 104 which closes off the proximal end of the outer
tube 102. The outer tube 102 has a relatively elongated shape as shown 1n the illustrated
embodiment. A smaller diameter venturi tube 106 1s located within the outer tube 102, and
has open distal and proximal ends 107, 112. The illustrated venturi tube 106 1s generally
centered with 1ts longitudinal axis along the longitudinal axis of the outer tube 102, and 1s
secured 1n place near its distal end 107 by a venturt support 108 encircling the venturi tube

106 and secured within the inside diameter 109 of the outer tube 102.

[0055] With continued reference to the illustrated embodiment of FIG. 6, a gas orifice
110 1s located in the mounting plate 104, and 1s spaced from the proximal open end 112 ot
the venturi tube 106. Fuel 1s provided to the gas orifice 110 from a fuel source through an
clectronically-controlled modulating tuel valve 408 (described below). The open proximal
end 112 of the ventur1 tube 106 receives pressurized gas from the gas orifice 110, and also
serves as a primary air inlet to admit a tlow of air 115 1nto the venturi tube 106. Powered air
1s supplied from the combustion blower 155 (see FIG. 3) to the outer tube 102 below the
venturi support 108. The combustion blower 155 1s coupled to the outer tube 102 1n the

illustrated embodiment via a conduit 113 leading to the outer tube 102.

[0056] The burner 100 1llustrated 1n FIG. 6 also includes a target 124 with a surface 128
positioned opposite the distal end 107 of the venturt tube 106 and held 1n place by arms 126.
In some embodiments, the outer tube 102 of the burner 100 1s coupled to a flame tube 130,
which can include a number of air openings 132, thereby supplying further oxygen to the

burning gas supporting the tlame.

[0057] The structure of the burner 100 illustrated in FIG. 6 allows the combustion blower
155 to provide air to the burner tlame, enabling a proper mix of fuel and air necessary to
achieve an optimal flame. If insufficient air 1s provided to the burner flame, the tlame will
not be able to burn the fuel, and may extinguish itself. If too much air 1s provided, the flame

will lift off of the burner 100, and may extinguish. Therefore, the speed of the combustion

blower 155 can be modulated to optimize the flame.

12



CA 02772293 2012-02-27
WO 2011/025666 PCT/US2010/045322

[0058] However, the speed of the combustion blower 155 is not the only variable that can
atfect the efficiency of the flame. The flame can also be adversely (or positively) affected by
the speed of the main blowers 72, 74. For example, in some embodiments, the speed of the
main blowers 72, 74 can be adjusted to save energy during operation of the oven — a change
that can atfect the efficiency of the flame. In the illustrated embodiment, the photosensor 79,
31 can be used to detect whether a food item has been placed on the conveyor 22 (see step
300 of Fig. 7). If a food item 1s detected, a timer 1s reset (step 305), the speed of the main
blower 72, 74 1s increased (e.g., set to high 1n step 310), and the setpoint temperature of the
oven 20 1s also increased (e.g., the output of the modulating fuel valve 408 (described 1n
greater detail below) 1s set to high 1n step 315). If no food item 1s detected on the conveyor
22 and the timer exceeds a predefined threshold (step 320), the speed of the main blower 72,
74 1s set to a lower energy-savings mode (step 325), and the temperature of the oven 20 can
be either decreased to a lower “energy-savings” set-point temperature (step 330) or
maintained at the original set-point temperature. Additional and more detailed conveyor
oven operations associated with such energy-savings modes are described 1n International
Patent Application No. PCT/2009/030727, the entire disclosure of which 1s incorporated

herein by reterence.

[0059] When the timer illustrated in FIG. 7 expires, the amount of air provided to the
burner 100, 150 can be automatically decreased as the speed ot the main blower 72, 74 1s
decreased. Similarly, when a food item is later detected on the conveyor 22, the amount of
air provided to the burner 100, 150 can be automatically increased as the speed ot the main
blower 72, 74 1s increased. Either transition can adversely affect the quality of the burner
flame, absent other adjustment of airflow provided to the burner 100, 150. In some specific
constructions, the low, energy saving operating speed of the main blowers 72, 74 1s near or
below the threshold required to maintain the burner flames 64, 66. As such, 1n those
particular constructions, the combustion blower 155 may be activated, or increased in speed,
to compensate for the lack of airflow (see step 334 1n Fig. 7a). In addition, the combustion
blower 155 may be de-activated or reduced 1n speed once the main blower 72, 74 produces a

sufficient amount of airflow to sustain the flames 64, 66 of the burners 100, 150 (see step 338

of Fig. 7a).

[0060] The temperature of the oven 20 can also affect the rate at which air is circulated

through the oven 20, independent or at least partially independent of the speed of the main
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blowers 72, 74. As the air increases 1n temperature, the air becomes less dense. Therefore,
suction from one oven chamber to another (e.g., suction from an oven plenum to the tunnel,
or vice versa) can gradually reduce as air temperature at different locations within the oven
20 increases or decreases. For example, as air temperature within the tunnel 24 of the oven
20 increases 1n the 1llustrated embodiment, air pressure within the tunnel 24 increases,
thereby reducing the ability of air to move from the burners 100, 150 1nto the tunnel 24.
Accordingly, increased air supply to the burners 100, 150 can be needed 1n order to maintain

an optimal flame.

[0061] To address the changing needs of air supply to the burners 100, 150 based at least
upon changes 1n main blower speed 72, 74, Fig. 8 1llustrates a method of controlling the
conveyor oven 20 based upon the speed of the main blowers 72, 74. The conveyor oven 20
described above 1n connection with FIG. 4 1s divided into two segments in which blower
speed and burner output are controlled separately. As such, the method illustrated in FIG. &8
1s described by way of example only 1n reference to controlling the components associated
with the first oven segment 20A of the conveyor oven 20. However, the method can also or
instead be applied to any other segment of a conveyor oven 20, including 1n ovens that are

not divided 1nto separate oven segments.

[0062] With continued reference to FIG. 8, the controller 42 begins by monitoring the
temperature sensor 80 (see FIG. 4) and measuring the oven temperature (step 801). If the
actual temperature in the oven 20 1s greater than the set-point temperature (step 303), the
controller 42 decreases the flow rate of the modulating fuel valve (step 805) supplying fuel to
the burner 100, thereby decreasing the amount of fuel provided to the burner 100 and
decreasing the strength of the burner tlame. Conversely, 1f the actual temperature in the oven
20 1s less than the set-point temperature, the controller 42 increases the tlow rate of the
modulating fuel valve (step 807), thereby increasing the amount of fuel provided to the

burner 100 and increasing the strength of the burner flame.

[0063] As described above with reference to FIG. 7, the controller 42 can operate the
main blower 72 to run the main blower 72 at a high-speed or lower-speed setting (and 1n
some embodiments, at a number of other speeds or 1n any of a range of speeds). Therefore,
in this embodiment, the controller 42 acts as a “feed-forward” system, and 1s able to
determine the speed of the main blower 72 (step 809) without necessitating any additional

sensor equipment. In other embodiments, a pressure sensor can be positioned adjacent or
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otherwise with respect to the main blower 72, or a motor speed sensor can be used to directly

measure the speed of the main blower 72 (1.e., a “teedback™ system).

[0064] At this point, the controller 42 in the illustrated embodiment has already
determined the internal temperature 1n the oven 20, the flow rate of the modulating fuel valve
408 (described 1n greater detail below), and the speed of the main blower 72 (or these values
are otherwise known or set). The controller 42 then uses this information to determine an
appropriate speed for the combustion blower 155 (step 811). This determination can be
reached 1n a number of different manners. In some embodiments, the controller 42 accesses a
computer readable memory which stores a look-up table. As illustrated in Fig. 9, the look-up
table 1dentifies a series of combustion blower speeds based upon oven temperature and main
blower speed. For example, 1f the oven temperature 1s measured as 290 degrees and the
controller 42 1s operating the main blower 72 at a high-speed setting, the look-up table
detines Y35 as the appropriate combustion blower speed. Similarly, 1t the oven temperature 1s
measured as 260 degrees and the controller 42 1s operating the main blower 72 at the low-

speed setting, the look-up table 1dentifies X2 as the appropriate combustion blower speed.

[0065] The values of variables X1 through X11 and Y1 through Y11 will vary depending
upon the size, shape, and configuration of the conveyor oven 20 and, therefore, can be
specific to each conveyor oven model utilizing such a look-up table. Furthermore, some
embodiments of the look-up table can include additional variables that affect the identitied
combustion blower speed. For example, in some look-up tables, the combustion blower
speed setting can be based upon oven temperature, main blower speed, and the flow rate of

the modulating tuel valve 408 associated with the burner.

[0066] In other embodiments, the controller 42 determines the appropriate combustion
blower speed by calculating a value. By way of example only, the value can be calculated by

the controller 42 based at least in part upon the following formula:

Combustion Blower Speed = (A x Gas Flow Rate) — (B x Main Blower Speed) + (C x Oven

Temperature)
or by the following alternate formula:

Combustion Blower Speed = (A x Gas Flow Rate) — (B x Main Blower Speed)
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or by the following alternate formula:

Combustion Blower Speed = (A x Gas Flow Rate) + (C x Oven Temperature)

wherein A, B, and C are coefficients determined at least in part upon the size, shape, and
configuration of the conveyor oven 20 and components of the conveyor oven 20, such as the
size and/or shape of the plenum 68, 70, the position of the combustion blower 155 with

respect to the fingers 76, 78 and the plenum 68, 70, and the like.

[0067] With continued reference to FIG. 8, after the controller 42 has determined an
appropriate speed for the combustion blower 155 (step 811), the controller 42 proceeds to
operate the combustion blower 155 at that speed (step 813). The controller 42 can repeat the
method 1llustrated 1in Fig. 8 periodically to continue to adjust the internal temperature of the
conveyor oven 20 toward a set-point temperature while maintaining optimal flame

conditions.

[0068] Fig. 10 illustrates an alternative energy management mode for the conveyor oven
20. Simuilar to the energy saving mode depicted 1n Fig. 7, a photosensor 79, 81 can be used to
detect whether a food item has been placed on the conveyor 22 (see step 200 of Fig. 10). If a
food 1tem 1s detected, a timer 1s reset (step 204), the speeds of the main blowers 72, 74 are
increased to a first, or high, operating speed (see step 208) (or to any desired increased
operating speed), and the setpoint temperature of the oven 20 1s also increased (e.g., the
output of the modulating fuel valve 4038 1s set to high in step 212). The combustion blower
155 generally remains off during this process (see step 216), although 1n other embodiments

the combustion blower can be operating to provide additional air to the burners 100, 150.

[0069] If no food item is detected on the conveyor 22 and the timer exceeds a predefined
threshold (see step 220), the speeds of the main blowers 72, 74 are set to a second or medium
speed (see step 224) (or to any other reduced speed). In some embodiments, the intermediate
speed of the main blowers 72, 74 1s generally considered to be the lowest possible operating
speed where the amount of air circulated through the oven by the main blowers 72, 74 1s
sufficient to maintain the flames 64, 66 of the burners 100, 150 without requiring assistance
from the combustion blower 155. In other embodiments, the intermediate speed of the main

blowers 72, 74 1s higher than this. Furthermore, the temperature setting 1s decreased (e.g., the
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output of the modulating fuel valve 408 1s set to medium, or otherwise to a lower level 1n step
2238) to correspond with the reduced airflow. In the illustrated embodiment, the controller 42
also attempts to activate the combustion blower 155 at this time (see step 232). Alternatively
at this step 232, the speed of the combustion blower 155 can be increased from a lower

operating state.

[0070] In some embodiments, an air switch or current switch (not shown) may be used to
verity that the combustion blower 155 has been activated (see step 236). If the combustion
blower 155 has failed to activate, due to maltunction, jamming, and the like, the main
blowers 72, 74 and temperature setting (e.g., modulating valve 408) can remain at their
corresponding medium settings (see steps 200, 220, 224, 228) until a food item 1s detected on
the conveyor 22. By remaining in the intermediate energy savings mode, the oven 20 is able
to save energy (through the reduced blower speed and temperature setting) without
compromising the integrity of the tlames 64, 66, which could possibly become unstable
without the assistance of the combustion blower 155 1f the main blower 72, 74 speeds were to

be reduced any further.

[0071] If the controller 42 detects that the combustion blower 155 has been activated and
1s running, the speed of the main blowers 72, 74 is set to a third, low setting (see step 240).
In other embodiments, the main blowers 72, 74 may be turned off. In some embodiments, the
low speed of the main blowers 72, 74 1s below the minimum speed required to maintain the
flames 64, 66 of the burners 100, 150, and 1s a speed at which a greater (and 1n some cases, a
maximum) energy savings 1s achieved. Furthermore, the setpoint temperature 1s also set to a
third, low setting (see step 244) to compensate tor the drop of airflow, and provides greater
(and again 1n some cases, a maximum) energy savings. The combustion blower 155 remains
running to maintain the integrity of the flames 64, 66 until a food item 1s detected on the
conveyor 22 (see step 252), at which point the combustion fan 155 1s deactivated or reduced
in speed (see step 216), the main blowers 42, 44 are turned to high or are otherwise increased
in speed (see step 2038), the timer 1s reset (see step 204), and the setpoint temperature 1s

returned to high (step 212).

[0072] In alternative embodiments of the energy management mode shown in Fig. 10, the
controller 42 may also be responsive to a gas burner flow rate (e.g., during step 236). The
gas burner airtlow rate 1s generally defined as the rate at which air flows through the burners

100, 150 to be used 1n combustion (e.g., flow B 1n Fig. 16). In the 1llustrated construction,
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the gas burner airflow rate 1s at least partially produced by the speed ot the main blowers 72,
72 and the speed of the combustion blower 155. Furthermore, in such embodiments, the
controller 42 may change the speed of the main blowers 72, 74 from the second, intermediate
speed to the third, low speed (see step 240) when the gas burner airtlow rate has exceeded a

predetermined minimum.

[0073] Figs. 11-12 illustrate a first embodiment of a fuel delivery system 400 for use with
the conveyor oven 20 of the present invention. The fuel delivery system 400 1s configured to
supply pressurized gas, such as propane, butane, natural gas, and the like, to the burners 100
(e.g., inshot burners) of the heat delivery system (described above). 'The tuel delivery system
400 1s couplable to a gas input 404, such as a utility line, supply tank, and the like, and
includes a modulating valve 408 to regulate the flow of gas therethrough. In the illustrated

embodiment, the modulating valve 408 1s regulated by the controller 42.

[0074] During operation of the conveyor oven 20, the first embodiment of the fuel
delivery system 400 1s adjustable between a first operating mode and a second operating
mode. More specitically, the controller 42, responsive at least 1n part to one or more 1nputs
from the conveyor oven 20 (see Fig. 3), adjusts the modulating valve 408 to regulate the flow
of gas to the burners 100, thereby controlling the intensity at which the burners 100 operate.
In the following description and the accompanying drawings, reference 1s made to burners
100, which can be those used in the earlier-described embodiments of the present invention.
It should be understood, however, that this description and the accompanying drawings apply
equally to the other burners (e.g., burners 150 described and 1llustrated herein) 1n other

embodiments of the present invention.

[0075] In the first operating mode of the fuel delivery system 400 shown 1n Figs. 11 and
12, the modulating valve 408 can be substantially open, allowing gas to flow freely to the
burners 100 and causing the burners 100 to operate at a first, high intensity (see Fig. 11). In
the second operating mode, the modulating valve 408 can be at least partially closed,
restricting the flow of gas to the burners 100 and causing the burners 100 to operate at a
second, lower intensity (see FF1g. 12). In the 1llustrated embodiment of Figs. 11 and 12, the
first operating mode generally corresponds to a cooking mode and the second operating mode
generally corresponds to an energy saving mode (e.g., when no food 1s present on the

CONveyor).
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[0076] Furthermore, the modulating valve 408 may be continuously adjusted during
either of the first and second operating modes to alter the intensity of the burners 100 as
necessary (see Fig. 8). In alternative constructions, more than two operating modes may
exist. In such cases, two or more energy savings modes can exist, with the amount of gas
supplied to the burners 100 being different in each mode. In these and other embodiments,
the modulating valve 408 may be controlled by the controller 42 to maintain a pre-determined

temperature, BTU output, combustion ratio, and the like.

[0077] Figs. 13-15 illustrate a second embodiment of a fuel delivery system 400’
according to the present invention. Similar to the first embodiment of the tuel delivery
system 400, the second embodiment of the fuel delivery system 400° 1s configured to provide
a pressurized gas, such as propane, butane, natural gas, and the like, to the burners 100A,
100B of the heat delivery system (described above). As with the fuel delivery system 400
described above, 1n the following description and the accompanying drawings, reference 1s
made to burners 100A, 100B, which can be those used 1n the earlier-described embodiments
of the present invention. It should be understood, however, that this description and the
accompanying drawings apply equally to the other burners (e.g., burners 150 described and

illustrated herein) 1n other embodiments of the present invention.

[0078] The fuel delivery system 400’ is couplable to a gas input 404°, such as a utility
line, supply tank, and the like, and includes a modulating control valve 408’ for regulating the
flow of gas therethrough. The fuel delivery system 400° also includes a first gas supply line
412" establishing fluid communication between the modulating control valve 408" and a first
set of one or more burners 100A, and a second gas supply line 416’ in parallel to the first gas
supply line 412’ and establishing fluid communication between the modulating control valve
408’ and a second set of one or more burners 100B. This second embodiment of the fuel
delivery system 400’ also includes a cut-oft valve 420’ positioned along the first gas supply
line 412’ to interrupt the flow of gas between the modulating valve 408° and the first set of
burners 100A. In other embodiments, the fuel delivery system 400’ may include more than
two gas supply lines of either type 412, 416 just described, depending at least 1in part upon the
specific requirements of the oven 20. In other embodiments, both the first and second gas

supply lines 4127, 416" may include a shut-off valve.

[0079] During operation of the conveyor oven 20, the second embodiment of the tuel

delivery system 400’ 1s adjustable between multiple operating modes (e.2., three modes, 1n
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the 1llustrated embodiment). More specifically, the controller 42, responsive at least in part
to one or more 1nputs from the conveyor oven 20 (see Fig. 3), can control the modulating
control valve 408’ and the cut-off valve 420’ to regulate the flow of gas to both the first set of
burners 100A and the second set of burners 100B. For example, during a first operating
mode, the modulating valve 408’ and the cut off valve 420’ are both substantially open,
allowing gas to flow freely to both the first set and the second set of burners 100A, 100B. In
this first operating mode, the first and second set of burners 100A, 100B can operate at a first,

high intensity (see Fig. 13).

[0080] In a second operating mode, the modulating valve 408’ is at least partially closed
while the cut-off valve 420’ remains open. This configuration restricts the flow of gas to
both the first and second set of burners 100A, 100B, resulting in both sets operating at a

second, lower intensity (see Fig. 14).

[0081] In a third operating mode, the modulating valve 408’ is left in a fully-opened or
partially-opened state, while the cut-oft valve 420° 1s closed. As a result, no gas reaches the
first set of burners 100A, while gas can flow freely to the second set of burners 100B. As
such, the second set of burners 100B can operate at the first, high intensity (or any lower
intensity desired), while the first set of burners 100A 1is extinguished (see Fig. 15).
Furthermore, the modulating valve 408° may be further adjusted during the third operating

mode to alter the intensity of the second set of burners 100B directly.

[0082] In the 1llustrated embodiment of Figs. 13-135, the first operating mode substantially
corresponds to a cooking mode, and the second and third operating modes substantially
correspond to energy saving modes (e.g., when no food 1s present on the conveyor 22). In
alternate constructions, more than three operating modes may exist. For example, additional
supply lines similar to the first supply line 412° can supply fuel under control of additional
respective on-off valves 420’ to one or more respective burners 100, thereby enabling one or
more on-off valves 420’ to be turned oft or on in stages to gradually shut off or turn on one or
more burners 100 at a time, respectively. In this manner, a more graduated control over fuel
consumption 1s provided by enabling greater control over the number of burners 100 1n
operation at any given time. In these and other constructions, the controller 42 may include a
single operating mode that continuously varies the flow of gas (e.g., through the modulating
and cut off valves 408°, 420’) to maintain a pre-determined temperature, BTU output,

combustion ratio, and the like.

20



CA 02772293 2012-02-27
WO 2011/025666 PCT/US2010/045322

[0083] Figs. 16-20 illustrate an alternative embodiment of the conveyor oven 20’
according to the present invention. In the embodiment of Figs. 16-20, the conveyor oven 20°
employs much of the same structure and has many of the same properties as the previously-
described conveyor oven 20 shown 1n Figs. 1-6. Accordingly, common elements have been
given the same reference number with a prime () indicator. The following description of the
conveyor oven 20’ focuses primarily upon structure and features different than the
previously-described embodiments. Reference 1s made to the description of the conveyor
oven 20 above for details of the structures and operation, as well as alternatives to the

structures and operation, of the conveyor oven 20’ not specifically discussed herein.

[0084] Fi1g. 16 1llustrates a schematic example of a layout of components 1n an
embodiment of the conveyor oven 20°. With reference to Fig. 16, main blowers 72°, 74°
draw air from an air return 422°, and direct the air into a plenum 70’ (see tlow paths indicated

with the letter A). The air 1s heated 1n the air return 422° by one or more flame tubes 130°, 1s

then forced 1nto the plenum 70° by the main blowers 72°, 74°, and 1s then directed into the
conveyor oven tunnel 24° through metal fingers 78’ due to the increased air pressure 1n the
plenum 70’ caused by the main blowers 72°, 74°. Upper and lower metal fingers 78’ extend

above and below the conveyor 227 in the tunnel 24°.

[0085] The 1llustrated conveyor oven 20’ also includes a burner compartment 424°
adjacent the plenum 70° and the air return 422°. The 1llustrated burner compartment 424° 1s
separated from the plenum 70’ and the air return 422° by a dividing wall 428°, and includes a
burner box 432’ to house the burners 100 of the heat producing system (described above).
The burner compartment 424° may also contain electronics, such as wiring, for the heat

producing system, 1n addition to at least a portion of the fuel delivery system 400, 400’ (see

Figs. 19 and 20).

[0086] In the illustrated embodiment of Figs. 16-20, the dividing wall 428’ includes an
aperture 436°, through which one or more flame tubes 130’ (e.g., one corresponding to each
burner 1007) pass to provide heat to the air return 422°. The flames of each burner 100’ are

generally directed into a corresponding flame tube 130’ to heat the air within the air return

422",

[0087] With continued reference to the 1llustrated embodiment of Figs. 16-20, the

conveyor oven 20° also includes a combustion blower 155°. The combustion blower 155
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generally directs air into the burner compartment 424°, causing an increased pressure therein.
As such, air 1s forced through the burner box 432" and through the flame tubes 130° to the air
return 422 (see flow paths indicated with the letter B). This air flow 1s caused by a
combination of the low pressure 1n the air return 422’ resulting from the main blowers 72°,
74° 1n at least some operating conditions of the main blowers 72°, 74°, as well as from high
pressure within the burner compartment 424° resulting from the combustion blower 155°. As
such, the main and combustion blowers 42°, 44°, 155’ can compensate for one another to

produce the required airflow to maintain the flames 64°, 66° of the burners 100’.

[0088] Figs. 21-24 illustrate an alternative embodiment of the conveyor oven 20’
according to the present invention. In the embodiment of Figs. 21-24, the conveyor oven 20’
employs much of the same structure and has many of the same properties as the previously-
described conveyor oven 20° shown 1n Figs. 16-20. Accordingly, common elements have
been given the same reference number with a double prime (°7) indicator. The following
description of the conveyor oven 20°° focuses primarily upon structure and features ditferent
than the previously-described embodiments. Reference 1s made to the description of the
conveyor oven 20’ above for details of the structures and operation, as well as alternatives to

the structures and operation, of the conveyor oven 20°" not specifically discussed herein.

[0089] Fig. 21 illustrates a schematic example of a layout of components in an
embodiment of the conveyor oven 20°°. With reference to Fig. 22, the burner box 432
includes an air control system 440’ to control the flow of air through the burner box 432
(e.g., the gas burner airflow rate, see flow B of FFig. 21). The air control system 440"
includes a damper or throttle body 444°° variable between a first configuration where air 1s
allowed to flow freely therethrough and a second configuration where the flow of air 1s at
least partially restricted. In some embodiments, the damper 444°" may also include one or
more intermediate configurations therebetween 1in which two or more air tlow rates through
the damper 444°° are permitted. In some embodiments, the range of air flow rates can be
continuously adjustable by movement of the damper 444°° (e.g., as 1s possible based upon the
shape of the aperture 452" shown by way ot example on Fig. 22), or can instead be set to a
limited number of discrete settings corresponding to different air flow rates. In the 1llustrated
embodiment, the damper 444°’ includes a damper box 448’ defining the aperture 452°° that

may be adjustably blocked by a rotary damper actuator 456°°.
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[0090] The illustrated air control system 440’ also includes a primary air duct 460°’
providing fluid communication between the damper 444°° and a primary air inlet 464°° of the
burner box 432, thereby allowing air to flow therebetween. In the illustrated embodiment,
the primary inlet 464°° 1s positioned proximate the throat end of the burners 100 (see Fig. 24)
such that the air passing therethrough 1s mixed with tuel from the fuel delivery system 400

and at least partially passes through at least one of the burners 100’ for combustion.

[0091] The air control system 440’ of Figs. 22-24 also includes a secondary air duct
468’ providing fluid communication between the damper 444°” and a secondary air inlet
4727 of the burner box 432°°, thereby allowing air to tlow therebetween. In the illustrated
embodiment, the secondary air inlet 4727 1s a rectangular opening at the top of the box 432
such that air flowing therethrough enters the top of the burner box 234’ adjacent the burners

100 to provide additional oxygen for complete combustion of the fuel.

[0092] Although the air control system 440°° 1llustrated in Figs. 22-24 has a single
damper 444°° in communication with primary and secondary air ducts 460°’, 468°’, in
alternate embodiments each air duct 460°°, 468" can have a respective damper (not shown),
which in some cases can enable independent control of air to primary and secondary air inlets
464°°,472°°. In still other embodiments, additional air ducts and/or dampers may be present
as necessary, in which cases any air inlet 464°°, 472" can have air supplied thereto by one or
more shared or independent air ducts 460°°, 468" having one or more shared or independent
dampers. In still other constructions, at least one of the inlets 464°°, 472’ may be open to the

surrounding atmosphere without being in communication with a damper 444°°.

[0093] The illustrated air control system 440’ also includes a set of targets 476" each
coupled to and positioned proximate the end of a respective flame tube 130°°. The targets
476" are spaced a distance from the flame tubes 130’ to restrict the tlow of flue gasses from
the tubes 130°° during operation of the conveyor oven 20°°. In some embodiments, the gap
between each target 476 and its corresponding flame tube 130’ may be adjusted to provide

an appropriate amount of flow resistance.

[0094] In use of the conveyor oven 20°’ the illustrated damper 444°° can be variable
between cooking and energy savings modes to at least partially adjust the flow of air
therethrough (e.g., the gas burner airflow rate). For example, when the damper 444°° 1s used

in combination with adjustable main blowers 42°°, 44°’, which blowers are capable of
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producing a suction force in excess of the amount necessary to properly operate the burners
1007’, the damper 444°’ can be placed 1n the second configuration when the conveyor oven
207" 1s 1n the cooking mode, and can be variable to the first configuration when the conveyor
oven 20°° 1s 1n the energy saving mode. As such, during the cooking mode the damper 444°°
can at least partially restrict the flow of air through the damper 444°° and 1nto the burner box
432’ to a level suitable for maintaining the flames in each burner 100°°. The damper 444°°
can be placed 1n the first configuration during the energy saving mode to reduce the
resistance to the airflow through the damper 444°°, and to allow air to flow freely into the
burner box 432°’°. This change can be performed in combination with a reduction in
operation speed of the main blowers 42°°, 44°° to compensate for loss 1in suction as a result of
the lower main blower speeds. Therefore, the operating speed ot the main blowers 42°°, 44°°
can be reduced during the energy saving mode while the gas burner airtlow rate remains

sufficiently high to maintain the flames of the burners 100°’.

[0095] In contrast, when the damper 444°° 1s used with constant speed main blowers 427,
44°°, the damper 444°° can be placed 1n the first contiguration during the cooking mode, and
can be adjustable to the second configuration during the energy savings mode. Since the
draw or suction of the blowers 42°°, 44°” 1s constant 1n both the cooking and energy saving
modes, the increased resistance from the closed damper 444°° reduces the gas burner airflow

rate 1n the energy savings mode to correspond to a reduced flame in the burners 100.

[0096] The embodiments described above and illustrated in the figures are presented by
way of example only, and are not intended as a limitation upon the concepts and principles of
the present invention. As such, it will be appreciated by one having ordinary skill in the art
that various changes in the elements and their configuration and arrangement are possible
without departing from the spirit and scope of the present invention as set forth in the
appended claims. For example, although a specific type of burner is described above 1n
connection with ovens according to the present invention, the invention can be applied to any
type of gas burner system having other types of burners. As another example, the conveyor
oven 20 can have any number of combustion blowers 155 corresponding to any number of
burners 100, 150, and can have any number of main blower fans 72, 74, all of which can be
located anywhere 1n the oven 20. In such embodiments, the CPU 650 can control operation

of the gas burners 100, 150, the combustion blowers 155, and/or the blower fans 72, 74
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independently with respect to one another or with respect to other components of the

conveyor oven 20, or otherwise.
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CLAIMS
What 1s claimed 1s:

1. A conveyor oven having a cooking mode and an energy saving mode, the conveyor
oven comprising:

an oven chamber 1n which food 1s cooked;

a conveyor moveable to convey the food through the oven chamber;

a first set of one or more burners configured to generate heat for the oven
chamber, wherein the first set of one or more burners 1s operable at a first intensity
during the cooking mode and is turned off in the energy saving mode;

a second set of one or more burners configured to generate heat for the oven
chamber, the second set of one or more burners operating at a first intensity during the
cooking mode and are variable to a different intensity in the energy saving mode,
wherein the second set of one or more burners generate heat at the different intensity;
and

a controller responsive to the absence of food in the oven chamber, the
controller configured to change operation of the first set of one or more burners and
the second set of one or more burners from the cooking mode to the energy saving

mode based at least 1in part upon detection of the absence of food 1n the oven chamber.

2. The conveyor oven of claim 1, further comprising a combustion blower that provides
ailr to at least one of the first set of one or more burners and the second set of one or more

burners, wherein the speed of the combustion blower 1s variable.
3. The conveyor oven of claim 2, further comprising a main blower to circulate air
within the oven chamber, wherein the speed of the main blower 1s variable between the

cooking mode and the energy saving mode.

4. The conveyor oven of claim 3, wherein the speed of the combustion blower 1s

variable in response to the speed of the main blower.

d. The conveyor oven of claim 2, wherein the speed of the combustion blower 1s

variable between the cooking mode and the energy saving mode.
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0. The conveyor oven of claim 1, further comprising a first valve to regulate flow of gas
to the first set of one or more burners and the second set of one or more burners, and a second

valve to regulate flow ot gas between the first valve and the first set of one or more burners.

7. The conveyor oven of claim 6, wherein the first valve 1s a modulating control valve

and the second valve 1s an on-off valve.

3. The conveyor oven of claim 1, wherein the controller changes operation of the first
set of one or more burners and the second set of one or more burners between the cooking
mode and the energy saving mode based upon passage of a predetermined period of time

since detection of the absence of food 1n the oven chamber.

9. A conveyor oven having a cooking mode and an energy saving mode, the conveyor
oven comprising:

an oven chamber 1n which food 1s cooked;

a conveyor moveable to convey the food through the oven chamber;

a first valve contigured to regulate the flow of gas to a first set of one or more
burners and a second set of one or more burners, where gas tlows through the first
valve at a first flow rate during the cooking mode and 1s variable to a different flow
rate during the energy saving mode, wherein the first valve allows at least some gas to
tflow therethrough at the different flow rate;

a second valve configured to regulate the flow of gas between the first valve
and the first set of one or more burners, where gas flows through the second valve at a
first flow rate during the cooking mode and 1s restricted from flowing therethrough
during the energy savings mode; and

a controller responsive to the absence of food in the oven chamber, wherein
the controller adjusts the first valve and the second valve between the cooking mode
and the energy saving mode 1n response to detection of the absence of food in the

oven chamber.

10. The conveyor oven of claim 9, wherein the first set of one or more burners 1s operable

at a first intensity during the cooking mode and 1s turned off 1n the energy saving mode.
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11. The conveyor oven of claim 9, wherein the second set of one or more burners 1s
operable at a first intensity during the cooking mode and 1s variable to a different intensity in

the energy saving mode.

12. The conveyor oven of claim 9, further comprising a main blower for circulating air
within the oven chamber, wherein the speed of the main blower 1s adjustable between the

cooking mode and the energy saving mode.

13. The conveyor oven of claim 12, further comprising a combustion blower that provides
air to at least one of the first set of one or more burners and the second set of one or more
burners, wherein the controller adjusts the speed of the combustion blower 1n response to the

speed of the main blower.

14. The conveyor oven of claim 9, wherein the first valve 1s a modulating control valve

and the second valve 1s an on-off valve.

15. The conveyor oven of claim 9, wherein the controller changes operation of the first
set of one or more burners and the second set of one or more burners between the cooking
mode and the energy saving mode based upon passage of a predetermined period of time

since detection of the absence of food 1n the oven chamber.

16. A conveyor oven comprising:

an oven chamber 1n which food 1s cooked;

a conveyor moveable to convey the food through the oven chamber;

a main blower that circulates air within the oven chamber, the main blower
operable at a first speed, a second speed slower than the first speed, and a third speed
slower than the second speed;

at least one gas burner;

a combustion blower that provides air to the at least one gas burner; and

a controller responsive to the absence of food 1n the oven chamber and the
activation or increase in speed of the combustion blower, the controller configured to

change the speed of the main blower from the first speed to the second speed based at
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least 1n part upon the detection of the absence of food in the oven chamber and to
change the speed of the main blower from the second speed to the third speed based at
least 1n part upon the detection of the activation or increase 1n speed of the

combustion blower.

17. The conveyor oven of claim 16, wherein the controller adjusts the speed of the

combustion blower 1n response to the speed of the main blower.

13. The conveyor oven of claim 16, wherein the second speed of the main blower 1s the
lowest possible operating speed where the amount of air circulated through the oven by the
main blowers 1s sufficient to maintain the flame of at least one gas burner without requiring

assistance from the combustion blower.

19. The conveyor oven of claim 16, wherein the combustion burner is off during the

cooking mode.

20). The conveyor oven of claim 16, wherein the controller changes operation of the first
set of one or more burners and the second set of one or more burners between the cooking
mode and the energy saving mode based upon the passage of a predetermined period of time

since detection of the absence of food 1n the cooking chamber.

21. A conveyor oven comprising:

an oven chamber 1n which food 1s cooked;

a conveyor moveable to convey the food through the oven chamber;

a main blower that circulates air within the oven chamber, the main blower
operable at a first speed, a second speed slower than the first speed, and a third speed
slower than the second speed;

at least one gas burner;

a gas burner airflow rate at least partially defined by the speed of the main
blower; and

a controller responsive to the absence of food in the oven chamber and the gas
burner airflow rate, the controller configured to change the speed of the main blower

from the first speed to the second speed based at least 1n part upon the detection of the
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22.

absence of food 1n the oven chamber and to change the speed of the main blower from
the second speed to the third speed when the gas burner airflow rate exceeds a

predetermined minimum.

The conveyor oven of claim 21, further comprising a combustion blower that provides

air to the at least one gas burner.

23.

The conveyor oven of claim 22, wherein the airflow of the combustion blower and the

airflow of the main blower combine to at least partially produce the gas burner airflow rate.

24.

A conveyor oven having a cooking mode and an energy saving mode, the conveyor

oven comprising:

25.

an oven chamber 1n which food 1s cooked;

a conveyor moveable to convey the food through the oven chamber;

a first set of one or more burners configured to generate heat for the oven
chamber, wherein the first set of one or more burners 1s operable at a first intensity
during the cooking mode and 1s turned oft 1n the energy saving mode;

a second set of one or more burners configured to generate heat for the oven
chamber, the second set of one or more burners 1s operable at a first intensity during
the cooking mode and 1s variable to a different intensity in the energy saving mode;
and

wherein a gas burner airflow rate passing through at least one of the burners of
the first set of one or more burners or at least one of the burners of the second set of
one or more burners 1s variable between the cooking mode and the energy saving

mode.

The conveyor oven of claim 24, wherein the gas burner airflow rate 1s variable by

changing the airflow of at least one of a main blower and a combustion blower.

26.

The conveyor oven of claim 24, wherein the gas burner airflow rate 1s variable by

changing the setting of a damper.
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27. A conveyor oven comprising:
an oven chamber 1n which food 1s cooked;
a conveyor moveable to convey the food through the oven chamber;
at least one gas burner having a gas burner airtlow rate pass therethrough;
a blower that circulates air; and
a damper adjustable between a first contiguration and a second configuration
that 1s different from the first configuration;

wherein the damper 1s configured to adjust the gas burner airtlow rate.

23. The conveyor oven of claim 27, wherein the conveyor oven has a cooking mode and
an energy saving mode and wherein the damper 1s 1n the second configuration during the

cooking mode and 1s adjustable to the first configuration in the energy saving mode.

29. A conveyor oven comprising:
a main blower that circulates air within a cooking chamber;
at least one gas burner;
a valve adjustable to supply different amounts of gas to the gas burner;
a combustion blower that provides air to the at least one gas burner; and
a controller that
monitors an internal temperature of the oven,
adjusts an output of the valve based at least in part upon the internal
temperature of the oven,
adjusts a speed of the main blower, and
adjusts a speed of the combustion blower based at least in part on at
least one of the internal temperature of the oven and the speed of the main

blower.

30. The conveyor oven of claim 29, wherein the controller lowers the speed of the

combustion blower responsive to an increase 1n the speed of the main blower.

31. The conveyor oven of claim 29, wherein the controller increases the speed of the

combustion blower responsive to a decrease in the speed of the main blower.
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32. The conveyor oven of claim 29, wherein the controller adjusts the output of the valve

based at least in part on the speed of the main blower.

33. The conveyor oven of claim 29, wherein the controller adjusts the output of the valve
based at least 1n part upon the following formula:

Combustion Blower Speed = (A x Gas Flow Rate) — (B x Main Blower Speed) +

(C x Oven Temperature)

wherein A, B, and C are coefficients reflective of features of the conveyor oven.

34. The conveyor oven of claim 29, wherein the controller includes a computer readable
memory that stores a look-up table, and wherein the controller adjusts the speed of the
combustion blower by determining the internal temperature of the oven, determining the
speed of the main blower, and identitying an appropriate speed for the combustion blower

from the look-up table based on the internal temperature of the oven and the speed of the

main blower.

33. The conveyor oven of claim 29, wherein the controller determines the speed of the

main blower based on a speed setting 1nitiated by the controller.

36. The conveyor oven of claim 29, further comprising a pressure sensor positioned to
measure air pressure generated by the main blower, and wherein the controller determines the

speed of the main blower based on the air pressure measured by the pressure sensor.

37. The conveyor oven of claim 29, turther comprising a temperature sensor
communicative with and coupled to the controller, wherein the temperature sensor measures
the internal temperature ot the oven and provides the internal temperature measurement to the
controller, and wherein the controller adjusts the setting of the valve based on the internal
temperature measurement to adjust the internal temperature of the oven toward a set-point

temperature.

38. The conveyor oven of claim 29, further comprising a plenum chamber, a main

cooking chamber, and a conveyor that moves through the main cooking chamber, wherein the
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at least one gas burner is positioned to heat air in the plenum chamber, and wherein the main

blower transters air between the main cooking chamber and the plenum chamber.

39. A method of controlling a conveyor oven, comprising:

measuring an internal temperature of the conveyor oven as determined by a
temperature sensor;

determining the speed of a main blower, wherein the main blower circulates air within
an internal chamber of the conveyor oven;

providing fuel to a burner within the conveyor oven through a modulating fuel valve;

controlling the output of the modulating fuel valve to adjust the internal temperature
of the conveyor oven; and

determining a speed setting for a combustion blower based at least 1in part on at least

one of the measured internal temperature ot the oven and the speed of the main blower.

40). The method of claim 39, wherein the act of determining the speed of the main blower

includes determining the speed of the main blower.

41. The method of claim 40, wherein the act of determining the speed setting for the
combustion blower includes decreasing the speed of the combustion blower when the main

blower increases 1n speed.

42. The method of claim 40, wherein the act of determining the speed setting for the
combustion blower includes increasing the speed of the combustion blower when the main

blower decreases 1n speed.

43. The method of claim 39, wherein the act of controlling the output of the modulating

fuel valve 1s based at least in part on the determined speed of the main blower.
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vy The conveyor oven of claim 40, wherein the act of determining the speed setting for
the combustion blower includes calculating the speed of the combustion blower based at least
in part upon the following formula:

Combustion Blower Speed = (A x Gas Flow Rate) — (B x Main Blower Speed) +

(C x Oven Temperature)

wherein A, B, and C are coefficients reflective of features of the conveyor oven.

45. The method of claim 40, wherein the act of determining the speed setting for the
combustion blower includes:

accessing a look-up table stored on a computer-readable memory, and

identifying an appropriate speed setting for the combustion blower from the look-up
table based on the measured internal temperature of the oven and the determined speed of the

main blower.

46. The method of claim 39, wherein the act of determining the speed of the main blower

includes accessing a speed setting 1nitiated by a controller.

47. The method of claim 40, wherein the act of determining the speed of the main blower
includes monitoring a pressure sensor positioned to measure air pressure generated by the

main blower.

43. The method of claim 39, turther comprising:
moving a conveyor through a main cooking chamber; and
circulating air between a plenum and the main cooking chamber by operating the a

main blower.

49. A conveyor oven comprising:

a cooking chamber;

a first chamber 1n communication with the cooking chamber, the first chamber having
a first air pressure;

a second chamber having a second air pressure;

at least one gas burner having an outlet disposed 1n the first chamber and an inlet

disposed 1n the second chamber, the gas burner in fluid communication with both the first and
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second chambers, wherein a gas burner airflow rate 1s at least partially defined by the

difference between the first and second air pressures; and
a controller operable to vary the second air pressure in response to a change in the

first air pressure to maintain a desired air pressure difference between the first air pressure

and the second air pressure.
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