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(54) SYSTEM AND APPROACH FOR CONTROLLING A COMBUSTION CHAMBER

(57) A system for controlling activity in a combustion
chamber. The system does not necessarily need to be
mechanically adjusted and yet may provide precise con-
trol of a fuel air mixture ratio. A sensing module of the
system may have a mass flow sensor that relates to air
flow and another sensor that relates to fuel flow. Neither
sensor may need contact with fuel. Fuel and air to the
system may be controlled. Pressure of the fuel and/or air

may be regulated. The sensors (225,226,227) may pro-
vide signals to a processor (252) to indicate a state of
the fuel and air in the system. The processor, with reli-
ance on a programmed curve, table or the like, often
based on data, in a storage memory, may regulate the
flow or pressure of the fuel and air in a parallel fashion
to provide an appropriate fuel-air mixture to the combus-
tion chamber.
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Description

[0001] This application is a continuation-in-part of U.S.
Patent Application Serial No. 14/992,826, filed on Janu-
ary 11, 2016, which is a continuation of U.S. Patent Ap-
plication Serial no. 13/621,175, filed on September 15,
2012, now U.S. Patent no. 9,234,661. U.S. Patent Appli-
cation serial No. 14/992,826, filed on January 11, 2016,
is hereby incorporated by reference. U.S. Patent Appli-
cation Serial no. 13/621,175, filed on September 15,
2012, is hereby incorporated by reference.
[0002] This application is a continuation-in-part of U.S.
Patent Application Serial No. 14/485,519, filed on Sep-
tember 12, 2014. U.S. Patent Application Serial No.
14/485,519, filed on September 12, 2014, is hereby in-
corporated by reference.

Background

[0003] The present disclosure pertains to combustion
devices, for example, burners. Particularly, the disclo-
sure pertains to controlling combustion in the devices.

Summary

[0004] The disclosure reveals a system and approach
for controlling activity in a combustion chamber, such as
a burner. The system does not necessarily need to be
mechanically adjusted and yet may provide precise con-
trol of a fuel air mixture ratio. A sensing module of the
system may have a mass flow sensor that relates to air
flow and another sensor that relates to fuel flow. Neither
sensor may need contact with fuel. Fuel to the system
may be controlled, for example, by a mass flow restriction
valve. Pressure of the fuel and air may be a regulated
parameter. Air to the system may be controlled as a ref-
erence. The sensors may provide signals to a processor
to indicate a state of the fuel and air in the system. The
processor, with reliance on a programmed curve, table
or the like, often based on data, in a storage memory,
may regulate the flow or pressure of the fuel and air in a
parallel fashion to provide an appropriate fuel-air mixture
to the combustion chamber in various situations relative
to burner capacity, setpoints, commissioning, purge, and
so on.

Brief Description of the Drawing

[0005]

Figure 1 is a diagram of a measurement system that
may provide signals for fuel regulation;
Figure 1a is a diagram of a burner control system
having three mixing points;
Figure 1b is a diagram of a burner control system
having selectable mass flow restrictions relative to
fuel flow to a mixing point;
Figure 2 is a diagram of a representation of a refer-

ence air flow;
Figure 3 is a diagram of a representation of a refer-
ence air flow for a premix
Figure 4 is a diagram of a representation of a regu-
lated gas flow;
Figure 5 is a diagram of a first operating condition
for a regulation system;
Figure 6 is a diagram of a second operating condition
for the regulation system;
Figure 7 is a diagram of a third operating condition
for the regulation system;
Figure 8 is a diagram of a fourth operating condition
for the regulation system;
Figure 9 is a diagram of a fifth operating condition
for the regulation system;
Figure 10 is a diagram of a sixth operating condition
for the regulation system;
Figure 11 is a diagram showing where a regulation
control regulates gas pressure at a pick-up point for
gas pressure directly downstream of the pressure
regulator;
Figure 12 is a diagram of an example where regula-
tion control is applied as independent feedback to
guard positions of an air restriction valve and a gas
restriction valve in a so-called parallel positioning
system;
Figure 13 is a diagram of a burner control system
having a redundancy flow path and a selectable
mass flow restriction relative to fuel flow to selectively
provide fuel flow to the redundancy flow path;
Figure 14 is a diagram of a graph a sensor relation
as a function of an overall amplification;
Figure 15 is a diagram of a burner control system
having a burner fuel and air mixture where a fuel
parameter detected by the sensor is adjustable;
Figure 16 is a diagram of a burner control system
having a burner fuel and air mixture where an air
parameter detected by the sensor is adjustable; and
Figure 17 is a diagram of a burner control system
having a burner fuel and air mixture where both the
air and fuel parameters detected across the sensor
are adjustable.

Description

[0006] The present system and approach may incor-
porate one or more processors, computers, controllers,
user interfaces, wireless and/or wire connections, and/or
the like, in an implementation described and/or shown
herein.
[0007] This description may provide one or more illus-
trative and specific examples or ways of implementing
the present system and approach. There may be numer-
ous other examples or ways of implementing the system
and approach.
[0008] The present approach and system may feature
a pneumatic connection between a reference air pres-
sure, a reference combustion chamber pressure and a
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regulated fuel pressure. The pneumatic connection may
contain flow channels, flow resistances and sensing el-
ements. The system may provide feedback signals that
can be used to regulate fuel pressure accurately, result-
ing in a precisely controlled air-fuel mixing ratio. The
terms "resistance" and "restriction" may be used herein
interchangeably. The terms "inlet" and "outlet" may per-
tain to fluid devices. The term "port" may refer an inlet or
an outlet. The terms "input" and "output" may pertain to
electrical or fluid devices.
[0009] The present system does not necessarily need
mechanical adjustment downstream of the pressure reg-
ulator. The system does not necessarily need an adjust-
able throttle, an adjustable orifice, or an adjustment for
the mechanical or pneumatic pressure amplifier.
[0010] Still the present system may control an air-fuel
mixing ratio for a wide range of applications, such as
premix, air fuel proportional power jet, parallel positioning
power jet, and the like.
[0011] The system may enable ways for air fuel mixing
accuracy, fuel adaptability, air fuel proportional mixing,
non-linear mixing curve, automatic commissioning, diag-
nostics, modulation range, fuel metering, fuel pressure
surveillance, air pressure surveillance, revision control
of settings, authorization control, safety and protection,
and fail safe operation.
[0012] Precise control of the fuel-air ratio may be one
of the most important aspects of improving overall burner
performance and efficiency of a combustion chamber,
such as a burner.
[0013] The description may show how a regulation ap-
proach measures a servo air mass flow, with a first mass
flow sensor, that relates to a main air mass flow and how
the regulation approach measures a servo air flow, with
a second mass flow sensor, which relates to a main fuel
flow.
[0014] The description may further show how the sys-
tem is made fail safe by a first embedded approach to
detect that mixture could go to an unsafe ratio due to
sensor drift by detection and measuring the amount of
sensor readings drift, and to correct for the measured
amount of sensor drift in the first place or to shut off the
application when the measured amount of drift passes a
predefined threshold. Correction may be applied for
changes in filter or orifice restriction.
[0015] The description may also show how the system
is made fail safe by a second embedded approach that
would detect that the mixing ratio could go to an unsafe
situation due to increased restriction of the fuel side filter
and which will shut off the application when a certain
predefined threshold is crossed.
[0016] The description may yet show how an installer
can program virtually any curve that best fits the appli-
cation, for mixing ratio of air mass flow and fuel mass
flow as a function of burner capacity, and how the system
can regulate the mixing ratio of air mass flow and fuel
mass flow based on the commissioned and approved set
points.

[0017] One item may be the related art regulation de-
vices may have issues embedded which may be re-
solved. The issues may include difficult to access the
adjustment devices, poor signal feedback to the installer,
no possibility to fixate, lock or secure the tested and ap-
proved setting, needs manual adjustment, no automatic
commissioning, no diagnostics, limited programmed mix-
ing ratio possibility for different heat capacities, reliant at
skills and patience of installer for safety and combustion
quality, only valid for zero governor systems, a different
solution is required for non-zero governor systems, and
no or crude detection that settings have drifted off from
the commissioned values.
[0018] The valve may be installed in all kinds of situa-
tions, which means that reading the markings of the ad-
justment screw and adjusting the adjustment screw can
be difficult in many cases. In a typical gas burner, it may
be difficult to access, or to adjust. Thus, visual feedback
of the adjustment device may be poor at a location of the
burner.
[0019] Fixating or securing the adjustment device in a
favored setting without disturbing the achieved setup
may be very difficult or impossible, and time consuming.
[0020] Placing a cover to withdraw the adjustment
screw from sight does not necessarily fixate the settings.
It may be easy to touch the adjustment screw, and acci-
dentally de-adjust the setting, while mounting the cover.
Any cap or cover should be removable for the installer
and can, unnoticed, be removed by some individual to
change the setting of the boiler.
[0021] The related art systems may need manual ad-
justments. During commissioning, the installer may at-
tach a temporary combustion sensor to read combustion
quality. Based on the measured result, the installer may
need to turn screws according a defined procedure until
combustion quality is good and acceptable. After each
adjustment step, the combustion process and the burner
may need to stabilize over time. The procedure may re-
quire patience, tools, time, and skills by the installer. For
air-gas proportional regulation systems, there may be
two settings that can be adjusted by the adjustment
screws.
[0022] Principally, a stepper motor may be applied to
turn the adjustment devices for the installer. As soon as
the power is off; however, the stepper may lose its posi-
tion and need a reset of steps. An independent position
feedback may need to validate that the adjustment de-
vices are at a correct position. Thus, one or two actuators
and one or two feedback systems may be needed just
to maintain a static setting over time. These items may
make it financially difficult to apply automatic commis-
sioning.
[0023] During an operation of a system, a number of
things may happen for which one may need sensing and
diagnostics. For example, the building regulator may
break resulting in high gas supply pressure; something
may damage or block a gas supply line leading to an
insufficient gas supply, and block an air supply leading
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to insufficient supply of air. Something may happen to a
power supply leading to higher or lower fan speed than
expected. Something may go wrong with air restriction
valve. Something may block the chimney leading to
changing air flow and causing higher combustion cham-
ber pressure. A filter in a servo flow channel may get
plugged by pollution. A sensor may drift from its setting.
Chemical gas content may change over time. One of the
orifices in one of the servo channels may get blocked.
Someone may make a mistake during commissioning.
Gas metering may go wrong. Different switches and/or
sensors may be needed to detect an event about to hap-
pen. Zero governor systems or differential pressure sen-
sors may have just limited use for applying diagnostics.
[0024] A programmed mixing ratio may be desired.
Mixing a ratio of air and gas resulting from any zero gov-
ernor system (where a flow sensor that regulates around
zero flow is basically a zero governor as well) may be
described as a first order function, such as y=ax+b, where
y stands for fuel mass flow, x stands for air mass flow, a
defines steepness of mixing ratio, defined by throttle
screw, adjustable orifice, and b defines offset, defined
by offset screw or flow through sensor.
[0025] A gas mass flow reading may be desired. Gas
suppliers may change chemical content of gas over the
year to improve demand for the winter and summer sea-
sons, as many systems rely on pressure regulators. The
gas content may be changed such that a Wobbe index
(specific heat/density) remains constant, meaning that
typical applications will not necessarily suffer from mis-
adjustment because of changed content. A major draw-
back of flow sensors, even when the sensor is approved
for use in natural gas, may be that the sensor measures
flow by heat transfer, meaning that the reading relies on
all kinds of specific gas parameters like density, viscosity,
specific heat, and a specific heat conduction coefficient.
When the chemical content of the gas used changes over
time, a reading error may occur in the mass flow sensor.
For this reason, a flow sensor cannot necessarily be ap-
plied to accurately measure gaseous flows with changing
chemical content over time.
[0026] Drift detection may be desired. In some sys-
tems, pressure switches may be used to shut the appli-
cation off when a certain pressure target is not met. When
the application runs at a relative low power level, it may
be difficult to distinguish between acceptable and non-
acceptable drift.
[0027] A redundancy configuration may be desired for
air and fuel flow paths. A burner system (e.g., pre-mix
burner applications, forced draft burner applications,
and/or other burner applications) or other system may
produce a differential pressure signal that relates to a
main air flow path and a differential pressure signal that
relates to a main fuel flow path. A pressure downstream
of a mixing point in the system may be considered a
downstream (sink) reference pressure for both differen-
tial pressures. A pressure upstream of the mixing point
in the air channel may be taken as a (source) reference

pressure for differential air pressure. A pressure up-
stream of the mixing point in the fuel channel may be
taken as a (source) reference pressure for differential
pressure.
[0028] The redundancy configuration may include a
first flow path (e.g., a main air flow path), a second flow
path (e.g., a main fuel flow path), a third flow path (e.g.,
a redundancy flow path), and/or one or more other flow
paths. The first flow path may be connected to an air
source (e.g., an air source pressure, P1) and the pressure
downstream of the mixing point (e.g., the sink pressure,
P0). The first flow path may be equipped with a first sensor
(e.g., a mass flow sensor, a differential pressure sensor,
and/or other sensor) that may produce a reading that is
related to fluid flow through the first flow path. The second
flow path may be connected to the air source, a fuel
source (e.g., a fuel source pressure, P2), and to the sink
pressure, P0. The second flow path may be equipped
with a second sensor (e.g., a mass flow sensor, a differ-
ential pressure sensor, and/or other sensor) that may
produce a reading that is related to fluid flow through the
second flow path in respect to the first flow path.
[0029] The third flow path may be connected in a first
arrangement to the air source and the sink pressure, P0,
or in a second arrangement the air source, the fuel
source, and the sink pressure, P0. The third flow path
may be equipped with an open/close valve and depend-
ing on the state of the open/close valve, the third flow
path may be in the first arrangement or the second ar-
rangement. Further, the third flow path may be equipped
with a third sensor (e.g., a mass flow sensor, a differential
pressure, or other sensor) that may return a reading re-
lated to fluid flow through the first flow path and that is
redundant with the first sensor when the third flow path
is in the first arrangement and may return a reading re-
lated to fluid flow through the second flow path in respect
to the first flow path and that is redundant with the second
sensor when the third flow path is in the second arrange-
ment.
[0030] In some cases, readings (e.g., measurements
or measurement values) from the third sensor may be
compared to readings from one or more of the first sensor
and the second sensor to identify a malfunction in the
burner system. When a malfunction is identified, an alert
or alarm may be triggered. A malfunction may include
one or more of a blocked or partially blocked flow path,
a sensor not operating correctly, and/or one or more other
issues with the operation of the burner system or a com-
ponent thereof.
[0031] The present system may involve (1) a regulation
system, (2) a regulation approach, and (3) a regulation
product that solves known issues and offers a solution
for gas burner application systems (e.g., air-gas propor-
tional premix, air-gas proportional forced draft, and/or
parallel positioning forced draft).
[0032] The present control system may eliminate
weaknesses regarding mechanical adjustment devices
and flow measuring with a flow sensor of gaseous fluids.
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The control system may exclude mechanical adjustment
needs. Also, the system may combine the measurement
of fuel and air in such a way that a second flow sensor
can be used to measure both fluids with respect to each
other while just air flows through the first and second
sensors.
[0033] Figure 1 is a diagram of a measurement system
15 (e.g., a sensing module) that may provide signals for
fuel regulation. An example fuel may be natural gas for
illustrative examples discussed herein but other kinds of
fuel may be applicable to the present system and ap-
proach. The system may consist of two servo mass flow
inlets. One inlet 17 may be connected to a reference air
flow duct with a reference air pressure. Another inlet 16
may be connected to a gas flow duct with a regulated
pressure.
[0034] The system 15 may include one outlet 18 which
is connected to a reference point downstream of the inlet
points in the boiler where air and gas has been mixed
together, for instance, at a combustion chamber or down-
stream of a mixing device. The system may also include
three or so filters 19, 20, 30 to filter particles out of the
incoming air, out of incoming gas and outgoing air-gas
that might flow back due to a pressure surge during ig-
nition. The system may include four or so flow resistances
21, 22, 23, 24, typically orifices. The flow resistances may
be different from each other in size and resistance level.
The system may incorporate two mass flow sensors 25,
26, of which produce flow dependent (electrical) signals.
[0035] Pressure in a fuel channel is not necessarily
measured. Mass flow through the sensors may be meas-
ured; or in case that a sensor is calibrated for differential
pressure, a pressure drop over the sensor may be meas-
ured. From there, an indication for pressure in the fuel
channel may be calculated. The calculated pressure is
not necessarily an exact value.
[0036] Although the system is described above and
depicted in Figure 1 as having two servo mass flow inlets
(e.g., inlets 16 and 17) and one outlet (e.g., outlet 18),
the system may have one servo mass flow inlet and two
outlets. In one example, the one inlet 17 may be con-
nected to a reference air flow duct with a reference air
pressure, one of the two outlets (e.g., outlet 18) may be
connected to a reference point downstream of the inlet
point 17 in the boiler where air and gas has been mixed
together, for instance, at a combustion chamber or down-
stream of a mixing device, and the inlet 16 may be con-
verted into the second outlet. Such a configuration may
allow for regulating relative low fuel pressure, as com-
pared to air pressure.
[0037] The system may incorporate a first servo flow
channel 141 from positive air reference pressure (A) 27
to a lower pressure (C) 28 combustion chamber. The first
servo channel may incorporate an inlet filter (E) 20, a
mass flow sensor (H) 25, a mass flow resistance (I) 23
and a back-flow outlet filter (G) 30. The mass flow sensor
(H) 25 may produce a first electrical signal (#1) 31 which
reflects the servo mass flow of air through the first mass

flow channel. The system may incorporate a second ser-
vo flow channel 142 from positive air reference (A) pres-
sure to an intermediate pressure connection point (D).
The second servo channel may incorporate the inlet filter
(E) 20, a mass flow sensor (J) 26 and a mass flow resist-
ance (K) 24. The mass flow sensor 26 may produce a
second electrical signal (#2) 32 which reflects the servo
mass flow of air through the second mass flow channel.
[0038] The system may incorporate a third servo flow
channel 143 from positive regulated gas pressure (B) 34
to an intermediate pressure connection point (D) 33. The
third servo channel may incorporate an inlet filter (F) 19,
a check valve (L) 35 and one or more mass flow resist-
ances in parallel (M) 21. The check valve 35 may be open
to allow gas to flow from the inlet 16 of regulated gas (B)
34 pick-up to the intermediate pressure point (D) 33, or
from the intermediate pressure point (D) 33 to the regu-
lated gas pressure (B) 34 pick-up point. The check valve
(L) 35 may be closed (shut of) to prevent gas to flow from
or to the intermediate pressure point (D) 33 to the regu-
lated gas pressure pick up point (as flow is still allowed
to flow from intermediate pressure point to combustion
chamber when the valve is closed).
[0039] The system may incorporate a fourth servo flow
channel 144 from the intermediate connection point (D)
33 to the lower pressure combustion chamber (C) 28.
The fourth servo channel may incorporate a flow resist-
ance (N) 22 and an air filter (G) 30. The filters for multiple
channels may be combined into one combination filter.
[0040] Figure 1a is a diagram of a burner control sys-
tem 151 which may be a variant of system 15 in Figure
1. Air supply 37 may provide air to a first inlet 17 which
has a connection with inlets of first mass flow sensor 25
and second mass flow sensor 26. A first signal output 31
from flow sensor 25 may be connected to an input of a
processor 152, and a second signal output 32 from flow
sensor 26 may be connected to another input of proces-
sor 152. An outlet of flow sensor 25 may be connected
to a first outlet 153 of system 151. Outlet 153 may be
connected to a first mixing point 154. An outlet of flow
sensor 26 may be connected to a second mixing point 33.
[0041] A fuel supply 45 may be connected to a variable
mass flow restriction 155. A downstream end of restric-
tion 155 may be connected to a second inlet 16 of system
151. An output of processor 152 may provide a signal to
adjust or vary restriction 155.
[0042] Inlet 16 may be connected to mixing point 33.
Mixing point 33 may be connected downstream to a sec-
ond outlet 156 of system 151. Outlet 156 may be con-
nected to a third mixing point 157.
[0043] Air supply 37 may be connected to a static air
flow restriction 158. Restriction 158 may be connected
downstream to first mixing point 154. Mixing point 154
may be connected downstream to a variable air flow re-
striction 159 which in turn can be connected to third mix-
ing point 157. Mixing point 157 may be connected down-
stream to a combustion chamber 162. A data storage
memory 163 may be connected to processor 152.
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[0044] Figure 1b is a diagram of a burner control sys-
tem 161 which may be a variant of system 15 in Figure
1. Air supply 37 may provide air to a first inlet 17 which
has a connection to inlets of first mass flow sensor 25
and second flow sensor 26. A first signal output 31 from
flow sensor 25 may be connected to an input of a proc-
essor 152, and a second signal output 32 from flow sen-
sor 26 may be connected to another input of processor
152. An outlet of flow sensor 25 may be connected to an
outlet 18 of system 161. Outlet 18 may be connected to
a combustion chamber 162. An outlet of flow sensor 26
may be connected to a mixing point 33.
[0045] A fuel supply 45 may be connected to a variable
mass flow restriction 155. A downstream end of restric-
tion 155 may be connected to a second inlet 16 of system
161. An output of processor 152 may be provided to var-
iable mass flow restriction 155.
[0046] Inlet 16 may be connected downstream to a
mass flow restriction 21. Restriction 21 may be connect-
ed downstream to mixing point 33. One or more additional
restrictions may be connected in parallel with restriction
21. For example, a restriction 165 may have an inlet con-
nected to a valve 166 that is connected to inlet 16. An
outlet end of restriction 165 may be connected to mixing
point 33. If needed or desired, another restriction 167
may have an inlet connected to a valve 168 that is con-
nected to inlet 16. An outlet of restriction 167 may be
connected to mixing point 33. Values 166 and 168 may
open or close to switch in or out, respectively, restrictions
165 and 167.
[0047] Figure 2 is a diagram of a representation of a
reference air flow. In a main air flow channel, a pressure
difference may be created by an actuator like a fan or a
pump at an air supply inlet (AA) 37. A fan or pump may
result in the fact that a relative high pressure occurs up-
stream, at the inlet (AA) 37 in comparison with a relative
low pressure downstream, at the outlet (C) 28. The ac-
tuator may be placed near the inlet, but also at other
positions in the air channel. In order to adjust the refer-
ence air (mass) flow, it may be possible to change the
speed of the actuator or possible to operate an adjustable
air flow restriction, like an air valve (AB) 38. The air valve
(AB) 38 is not necessarily mandatory in the air channel.
[0048] Upstream of a combustion chamber (C) 28, a
burner head may be positioned to represent a flow re-
striction (AC) 39. Burner head flow restriction (AC) 39
may be an important feature for the regulation as it can
produce a pressure difference between reference point
(A) 27 and reference point (C) 28 as a function of the
main air flow through the burner head restriction 39 that
is used to feed the sensing module 15. Instead of burner
head resistance also a dedicated static flow resistance
may be used to generate a reference pressure difference.
This dedicated resistance may be applied in case that
the burner head may be varied for some reason like var-
iation over time or variation over flow capacity.
[0049] Figure 3 is a diagram of a representation of a
reference air flow for a premix application. For premix

applications where air and gas is mixed before the burner
head, it may be possible to make use of the flow resist-
ance of the air side section of the mixing device (for in-
stance, the inlet of a venturi. In case of a premix, a mixing
device flow restriction (AD) 41 may be an important fea-
ture for the regulation as it can create a pressure differ-
ence between reference point (A) 27 and reference point
(C") 42 as function of the main air flow over the mixing
device restriction 41 and the mixing point (AE) 43 that is
used to feed the sensing module 15.
[0050] Figure 4 is a diagram of a representation of a
regulated gas flow. In the main gas flow channel, an inlet
pressure may be supplied (GA) 45 which is higher than
the combustion chamber pressure (C/C") to the system.
In the gas channel, a first safety shut off valve (GB) 47
may be present for safety reasons. A second safety shut
off valve (GD) 48 may be present for safety reasons. The
safety shut off valve may be either opened or closed. An
adjustable flow restriction valve (GC) 49 may be available
to regulate the gas flow to a desired level between a
minimal and maximal value. The adjustable flow restric-
tion valve 49 may be at any position between maximal
closed and maximal open. The mass flow restriction
valve (GC) 49 may be positioned between the first safety
shut off valve (GB) 47 and the second safety shut off
valve (GD) 48, but it may also be possible to position the
restriction valve (GC) 49 upstream of the first safety shut
off valve (GB) 47 and downstream of the second safety
shut off valve (GD) 48 though upstream of the pressure
pick-up point (B) 34 for gas pressure.
[0051] Downstream of gas pick-up point (B) 34 and
upstream of combustion chamber pressure (C) 28 or mix-
ing device pressure (C") 42 (Figure 3), a flow restriction
like a burner orifice (GE) 51 (Figure 4) may be present
which generates a pressure difference as a function of
gas flow that is used to feed the sensing module 15 be-
tween points (B) 34 and (C) 28 (Figure 1). A pressure
after burner office 51 may be combustion chamber
PCC(C) 28 or PPC(C") 46 (Figure 4).
[0052] It may be desirable to regulate gas mass flow
in relation to an air reference mass flow such that gas
and air are mixed together, in the combustion chamber
or in the mixing device chamber or likewise, according a
pre-defined ratio. The predefined mixing ratio may relate
to the production of combustion emission gases like CO2,
CO, and NOx. The optimal mixing ratio may differ slightly
from application to application. Also, the optimal mixing
ratio may differ slightly over the heat capacity band of a
given application, meaning that a burner might need a
different mixing ratio at low capacity conditions than at
medium capacity conditions or than at maximum capacity
conditions. Additionally, it may be that a startup condition
needs a different mixing ratio than a burning operation
condition. In all, the mixing ratio may need to be flexible
to cover different conditions and be repeatable in its set-
ting to obtain a comparable combustion result, time and
time again.
[0053] Setup and commissioning may be noted. In or-
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der to set up, use and check the system for proper com-
bustion, a number of different operating conditions may
be considered for the regulation system.
[0054] Figure 5 is a diagram of a first operating condi-
tion for a regulation system. In the first operating condition
for the regulation system where the check valve 35 in the
sensing module 15 is closed and where the gas flow
channel is separated from the sensing module, and
hence does not necessarily affect the sensor readings
31 and 32, a discrete number of different air flow levels
may be generated through the main air flow tube (right
side) which can cause a discrete number of different pres-
sure differences over the burner head restriction that
leads to a discrete number of servo flows through the
first, the second and the fourth servo channels of the
sensing module 15 and that will produce a discrete
number of sensor readings for mass sensor (#1) 25 and
for mass sensor (#2) 26. The air supply pressure and air
supply temperature are not necessarily conditioned, but
may be least controlled in that they represent a condition
that matches the situation when the sensor readings
were stored. The first servo channel which contains mass
flow sensor (#1) 25 may be, in this situation, in parallel
with the second channel and fourth servo channel which
contain mass flow sensor (#2) 26. The two parallel chan-
nels may be fed by the same source and the mass flows
may be released to the same sink. Also, the mass flows
may pass the same inlet filter 20 and exit filter 30, and
the flow resistances 22, 23, 24, as the mass flow sensors
25, 26 may be static non-variable components meaning
that the ratio of sensor (#2) 26 reading and sensor (#1)
25 reading should be consistent and repeatable. The
sensor readings as signals 31 and 32 for sensor (#1) 25
and sensor (#2) 26, respectively, may be stored as ref-
erence values at storage 54, indicated as
S’1[1,2,...,n] and S’2[1,2,...,n].
[0055] Corresponding to the readings at storage 54
may be a discrete amount of events S4[1,2,..., n] at sym-
bol 101 with a connection between a controlled air supply
102 and an air valve 38 which may be controlled. During
setup the installer is somehow able to control the air sup-
ply, by air supply or air valve, but under an operation
mode the air flow may be controlled by an external device
and not be accessible for our regulation system. Still the
relation is there, but one does not necessarily control the
source.
[0056] Figure 6 is a diagram of a second operating con-
dition for the regulation system. In the second operating
condition for a regulation system, where the check valve
35 in the sensing module 15 is opened, at least one of
the two safety shut off valves 47 and 48 may be closed,
and the gas flow channel be transformed (regarded as)
into another air flow channel from the sensing module 15
to the combustion chamber or the mixing device cham-
ber, again a discrete number of different air flow levels
may be generated through the main air flow tube (right
side) which can cause a discrete number of different pres-
sure differences over the burner head restriction 39 which

will lead to a discrete number of servo flows through the
first, the second, the third and the fourth servo channels
of the sensing module 15 and which may produce a dis-
crete number of sensor readings for mass sensor (#1)
25 and for mass sensor (#2) 26. The air supply pressure
and air supply temperature are not necessarily condi-
tioned, but are at least controlled in that they represent
a condition that matches the situation when the sensor
readings are stored. The first servo channel which con-
tains mass flow sensor (#1) 25 may in this situation be
in parallel with the second, third and fourth servo chan-
nels which contain mass flow sensor (#2) 26.
[0057] The two parallel channels may be fed by the
same source and the mass flows may be released to the
same sink. Also, the mass flows may pass the same inlet
filter, but the gas inlet filter in this case may function as
a second exit filter and the flow resistances as well as
the mass flow sensors may all be static non-variable com-
ponents meaning that the ratio of sensor (#2) 26 reading
32 and sensor (#1) 25 reading 31 should be consistent
and repeatable (the servo air flow crosses also the burner
orifice resistance, this burner orifice is ignored for this
operation condition, as the cross sectional area of the
orifice is dimensioned for the main gas flow and in fact
can be regarded infinitely large for the servo air flow which
is much smaller than the main flow). The sensor readings
for sensor (#1) 25 and sensor (#2) 26 may be stored as
reference values at storage 54, indicated as
S∼1[1,2,...,n] and S∼2[1,2,...,n] (or any other indication).
[0058] Corresponding to the readings at storage 54
may be a discrete amount of events S4[1,2,..., n] at sym-
bol 101 with a connection between a controlled air supply
102 and an air valve 38 which may be controlled.
[0059] Figure 7 is a diagram of a third operating con-
dition for the regulation system. A combustion sensor
(mixing ratio) 56 may provide a measured combustion
result at symbol 103. A target combustion result may be
provided at symbol 104. The difference between the
measured and target combustion results may be deter-
mined as an error at symbol 105. The measured com-
bustion result may be changed with an adjustment of a
gas flow from gas supply 102 as indicated at symbol 106
to reduce or eliminate the error or difference between the
measured and target combustion results.
[0060] In the third operating condition for a regulation
system, where the check valve 35 in the sensing module
15 is opened, all safety shut off valves 47 and 48 may
be opened. Sensor (#1) 25 may measure air mass flow
parallel to the main air flow and the measured flow may
have a direct relation to the main air mass flow. Sensor
(#2) 26 may measure air mass flow between the air ref-
erence point 27 and the intermediate pressure point 33
between channels three and four. As a result of gas mass
flow, a pressure difference over the burner orifice 51 may
result which forms a second pressure difference over the
sensing module 15. As a result of the direction of the
main gas flow and the matching pressure difference over
the burner orifice 51, the gas inlet pressure 34 over the
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sensing module 15 at the entrance of servo channel three
may be higher than the exit pressure downstream of
channel four and channel one. The flow resistances in
servo channel three and servo channel four may be cho-
sen such that the intermediate pressure is somewhere
between the gas inlet pressure 34 and the mixture outlet
pressure 28, and lower than the corresponding reference
air inlet pressure 27.
[0061] For each discrete number of combinations of
air mass flow and gas mass flow, a unique and discrete
number of matching combinations of sensor (#1) 25 read-
ing 31 and sensor (#2) 26 reading 32 may be captured.
Sensor readings 31 and 32 for sensor (#1) 25 and sensor
(#2) 26 may be stored as reference values to a commis-
sioned number of valid and approved settings for the ap-
plication at storage 54, indicated as
S1[1,2,...,n] and S2[1,2,...,n];
where the gas mass flow for each discrete air mass flow
is regulated, by adjusting a gas mass flow restriction
valve 49, to a level that gives acceptable readings of the
combustion sensor 56 which is temporarily installed and
processed.
[0062] Corresponding to the readings at storage 54
may be a discrete amount of events S4[1,2,..., n] at sym-
bol 101 with a connection between a controlled air supply
102 and an air valve 38 which may be controlled, and
S3[1,2,...,n] at 103 with a connection between mixing ra-
tio of a controlled air supply and a controlled gas supply.
[0063] Transfer functions may be noted. The transfer
functions may be generated out of a discrete number of
stored sensor readings for sensor (#1) 25 and sensor
(#2) 26, for the above mentioned operating conditions,
which should cover a continuous range between the min-
imal values and the maximal values.
[0064] A first transfer function S’2=F1(S’1) may de-
scribe a curve that represents sensor readings for the
situation in which the check valve 35 is closed, and where
it makes no difference if the safety valves 47 and 48 are
opened or closed.
[0065] A second transfer function S∼2-S’2
=F2(S∼1,S’1) may describe a curve that shows the dif-
ference between the check valve 35 closed and check
valve 35 opened during a pre-purge situation. Pre-purge
may mean that a rather large air flow is blown through
the boiler application, while the safety shut off valves 47
and 48 are closed, to clean the application from any un-
burned gaseous content. The function may describe a
reference situation for a clean filter and an open orifice
in servo channel three (gas servo channel).
[0066] A third transfer function S2=F3(S1) may de-
scribe a curve that shows a sensor reading that reflects
a curve through commissioned and approved mixing ratio
of gas mass flow and air mass flow between the minimum
capacity and maximum capacity for which appropriate
combustion results have been validated and approved
during the commissioning process.
[0067] A run mode (run mode = a sixth operation con-
dition) may be noted. After the above mentioned sensor

readings 31 and 32 have been measured and stored,
and the transfer functions have been established in the
software, the application may be ready to run unattended
without an installer or combustion result sensor 56 (Fig-
ure 7) by repeating the former approved situation.
[0068] During a run mode, the air mass flow may result
from a fan/blower speed and or a position of the air valve
38 which fed by some continuous, for the present regu-
lation system, signal. Also, the air supply pressure and
the gas supply temperature, as well as the air supply
moisture content, might not be the same as the reference
values during the commissioning but instead they might
be any value within a certain range.
[0069] During run mode a combustion sensor (mixing
ratio) 56 may provide a measured combustion result at
symbol 103. A target combustion result may be provided
at symbol 104. The difference between the measured
and target combustion results may be determined as an
error at symbol 105. Transfer function F3 may be cor-
rected based on the established error between measured
combustion results and target values in order to adapt
for changed chemical gas content or the like to reduce
or eliminate the error or difference between the measured
and target combustion results in a continuous and auto-
matic way.
[0070] Figure 8 is a diagram of a fourth operating con-
dition for the regulation system. In the fourth operating
condition, an unknown air mass flow may be generated
through the main air flow channel, the check valve 35
may be closed, and the safety shut off valves 47 and 48
might be open or closed. An unknown air mass flow may
cross the burner head restriction 39 and a pressure dif-
ference will occur over that burner head resistance where
the upstream pressure is higher than the downstream
pressure. The pressure difference over the burner head
restriction 39 may feed two servo flows in two separate
servo channels in the sensing module 15. Each servo
channel may contain mass flow sensors 25 and 26, re-
spectively, which will generate a reading signal based on
the servo mass flow through the sensor.
[0071] A reading of sensor (#1) 25 may be multiplied
with the first transfer function that was derived from the
first operating condition to calculate a target reading for
sensor (#2) 26, and a target relationship between sensor
(#2) 26 reading 32 and sensor (#1) 25 reading 31 may
be established. An actual reading 32 of sensor (#2) 26
might be different than the established target reading and
also the measured relationship between sensor (#2) 26
and sensor (#1) 25 might be different than the target re-
lationship.
[0072] Two different servo channels with virtually all
static components that are fed by the same upstream
pressure and which release to the same downstream
pressure should maintain the same relationship between
the servo mass flows. A measured difference between
the measured relationship and the target relationship
may indicate that the sensor readings have shifted. The
shift may have occurred due to different reasons like dif-
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ferent temperature, different moisture content, different
pressure level, aging and so on.
[0073] The amount of error between the target rela-
tionship and the measured relationship may be used to
determine a correction factor for sensor reading drift. For
example, one may assume that the sensor (#1) 25 read-
ing 31 is 1.20 mg air/sec. and the stored transfer function
S’2=F1(S’1). The transfer function F1 may be a curve,
but for a simplified example the transfer function may
also be regarded as a constant=>S’2 = 0.75*S’1. A target
reading 32 for sensor (#2) 26 may be calculated as 1.20
* 0.75 = 0.90 mg/sec.
[0074] One may assume that the measured reading
32 of sensor (#2) 26 would be 0.93 mg/sec for some
reason. It may be noted that the sensor relationship has
drifted from 100% to 0.93/0.90*100%=103.3% of the
original relationship. A first correction factor for the drifted
relationship may be an inverse of the established drift,
100/103.3= 96.8%. A first threshold may be defined as
a decision parameter if the correction is acceptable or
that the installation needs to be re-commissioned.
[0075] Figure 9 is a diagram of a fifth operating condi-
tion for the regulation system. The fifth operating condi-
tion may occur during a pre-purge situation where an
unknown air mass flow is generated through the main air
channel, and where the check valve 35 is opened, but
where at least one of the safety shut off gas valves 47
and 48 is closed. As the check valve changes state
(open/close) during pre-purge, the fourth operating con-
dition may occur nearly at the same time as the fifth op-
erating condition for which applies that the air supply con-
ditions are unknown but at least almost equal for the two
operating conditions (fourth and fifth). The unknown air
mass flow may cross the burner head restriction 39 and
a pressure difference will occur over the burner head
restriction where the upstream pressure is higher than
the downstream pressure. The pressure difference over
the burner head restriction 39 may feed two servo flows
in two separate servo channels in the sensing module.
Each servo channel may contain a mass flow sensor
which will generate a reading signal based on the servo
mass flow through the sensor.
[0076] A new transfer function may be calculated out
of the transfer function for the first and the second oper-
ating conditions, which calculates the target difference
in sensor (#2) 26 reading 32 for the two operating con-
ditions as a function of sensor (#1) reading 25. A sensor
(#2) 26 reading 32 for the fifth operating condition may
be measured. A sensor (#2) 26 reading 32 for the fourth
operating condition may be measured just before and
stored for comparison (or vice versa). A difference of the
measured sensor (#2) 26 readings 32 for both operations
may be calculated and compared with the target differ-
ence.
[0077] If the measured difference is smaller than the
target difference, then the inlet gas filter 19 or the orifice
in the servo gas channel may suffer pollution. As the dif-
ference of readings for two situations are compared, the

absolute error of the sensors do not necessarily affect
the accuracy of the measurement, even a small differ-
ence counts many sensor (resolution) steps and change
will be detected.
[0078] As an example, sensor (#1) 25 reading may be
assumed to be 1.20 mg air/sec. The first stored transfer
function may be assumed as S’2 = 0.75*S’1. The second
stored transfer function may be assumed as
S∼2=0.80*S∼1. A target difference for the readings of
sensor #S may be calculated as 1.20 * (0.80-0.75) = 0.06
mg/sec.
[0079] A measured reading of sensor (#2) 26 with
closed check valve 35 may be assumed as 0.93 mg/sec
and it may be known that a first correction factor of 96.8%
should be applied, to correct the reading to 0.90 mg/sec.
[0080] A measured reading of sensor (#2) 26 with an
opened check valve 35 may be assumed as 0.97 mg/sec
and a first correction factor of 96.8% should be applied
to correct the reading to 0.938 mg/sec. A measured dif-
ference, which may be corrected for a drift, of the read-
ings of sensor #S may be calculated as 0.938 - 0.90=
0.038 mg/sec.
[0081] In the example, the measured difference of
0.038 mg/sec may only be 63% of the target value which
indicates that the difference between check valve 35
open and check valve 35 closed has decreased and that
the filter 19 or the orifice may suffer from serious pollution.
A second threshold may be defined as a decision param-
eter if the situation is still acceptable or not.
[0082] It may be possible to apply a correction for a
plugged filter or orifice.
[0083] A measured difference from a symbol 116 may
be compared with a target difference at a symbol 117
and be difference of the measured and target differences.
A threshold minimum difference from symbol 122 may
be compared with the difference at symbol 117. If the
threshold difference is not exceeded or is exceeded, then
a conclusion may be that filter 19 is ok or not ok, respec-
tively, as indicated at symbol 123.
[0084] Figure 10 is a diagram of a sixth operating con-
dition for the regulation system. In the sixth operating
condition, an unknown air mass flow may be generated
through the main air flow channel. The unknown air mass
flow may cross the burner head restriction 39 and a pres-
sure difference may occur over that burner head resist-
ance where the upstream pressure is higher than the
downstream pressure.
[0085] During the sixth operating condition, check
valve open, all safety shut off valves open, a gas restric-
tion valve 49 may be at a certain position which is defined
by a regulation algorithm, such that the gas mass flow
that results out of that setting relative to a given air mass
flow results in a reading relationship of sensor (#1) 25
and sensor (#2) 26 that repeats a combustion result in
terms of emissions which has been approved during
commissioning process. During commissioning one may
have set and approved a discrete number of emissions.
Then, one may have created a transfer function that con-

15 16 



EP 3 404 326 A1

10

5

10

15

20

25

30

35

40

45

50

55

nects the discrete number of sensor readings that corre-
spond with the air mass flow and emission reading into
a target curve (third transfer function). With a regulation
algorithm, gas flow may be regulated such that measured
relationship between sensor #1 and sensor #2 approach-
es the target relationship.
[0086] Sensor (#1) 25 may measure servo air mass
flow parallel to the main air flow channel due to a differ-
ential pressure over the burner head restriction 39 and
the measured flow may have a direct relation to the main
air mass flow. Sensor (#2) 26 may measure air mass flow
between the air reference point and the intermediate
pressure point between channels three and four. As re-
sult of gas mass flow, a pressure difference over the burn-
er orifice 51 may occur and form a second pressure dif-
ference over the sensing module 15. As a result of the
direction of the main gas flow and the matching pressure
difference over the burner orifice 51, the gas inlet pres-
sure over the sensing module 15 at the entrance of servo
channel three may be higher than the exit pressure down-
stream of channel four and channel one. The flow resist-
ances in servo channel three and servo channel four may
be chosen such that the intermediate pressure is some-
where between the gas inlet 34 pressure and the mixture
outlet 28 pressure and lower than the corresponding ref-
erence air inlet 27 pressure.
[0087] Out of the reading of sensor (#1) 25 and the
transfer function, which was derived from the third oper-
ating condition, a target reading for sensor (#2) 26 may
be calculated. Thus, a target relationship between sensor
(#2) 26 reading 32 and sensor (#1) 25 reading 31 may
be established.
[0088] Both sensor (#1) 25 and sensor (#2) 26 may
drift a little bit due to temperature variations, moisture
content variations, air pressure variations, aging and so
on. The drift may be measured at a defined time interval
and/or after each considerable change in burning capac-
ity by closing the check valve 35 according operating
condition four. Then a fourth transfer function may be
calculated out of the third transfer function and the first
correction factor, accordingly to calculate a new, for drift
corrected, target reading for sensor (#2) 26.
[0089] Relative drift of sensors compared to each other
may be determined. Both sensors may drift in a same
ratio in the same direction; however, this will likely not be
noticed, and it does not necessarily matter for regulation
of an air gas mixing ratio.
[0090] The reading 32 of sensor (#2) 26 may be com-
pared to the target reading of sensor (#2) 26. The reading
32 of sensor (#2) 26 may be different than the established
target reading, thus indicating that the regulated gas
mass flow should be adjusted. In case that the reading
32 of sensor (#2) 26 is less than the target of sensor (#2)
26, the gas mass flow is regulated as too large and the
stepper motor of the adjustable gas restriction valve 49
may be given the command to close the gas restriction
valve 49 with one or more steps.
[0091] In case that the reading 32 of sensor (#2) 26 is

larger than the target of sensor (#2) 26, then the gas
mass flow may be regulated as too low and the stepper
motor of the adjustable gas restriction valve 49 may be
given the command to open the gas restriction valve 49
with one or more steps.
[0092] Pressure regulation versus mixing ratio regula-
tion may be noted. The present control may also be ap-
plied regulate gas pressure in a fixed relation with a ref-
erence air pressure. Also, combustion chamber pressure
may be used as a reference for controlling. Gas pressure
might be regulated with final objective to precisely control
gas and air mixing ratio.
[0093] Main air flow may pass only one flow resistance
(indicated as baffle plate resistance or burner head 51
resistance) while it may flow from reference air pressure
to combustion pressure.
[0094] Symbol 125 indicates a stored function
F(S2/S1). One may use transfer function S2 = F(S1) re-
lation virtually everywhere from readings 31 and 32. A
measurement of S∼2 from reading 32 may be indicated
by symbol 126. A correction for drift of the stored function
indicated by symbol 125 may be noted at symbol 27 and
result in a target S∼2 at symbol 128. A difference of meas-
ured S∼2 from symbol 126 and target S∼2 from symbol
128 may be noted as an error at symbol 129. To correct
for the error, an adjusting of a mass flow restriction valve
49 may be effected as indicated in symbol 130.
[0095] Figure 11 is a diagram showing where regula-
tion control regulates gas 73 pressure at a pick-up point
72 for gas pressure directly downstream of the pressure
regulator (pressure regulation valve 64 control). The
pressure control system may be mounted downstream
in channel 75 from stepper motor 63 driven gas pressure
regulation valve 64 and upstream from a burner orifice
65 or gas injector. An air 74 supply/reference at pick-up
point 66 for air pressure may be taken in a channel 76
downstream of a fan or air restriction valve and upstream
of a burner head 67 and/or baffle plate 68. A combustion
chamber 69 reference at pick-up point 71 for combustion
pressure may be taken downstream of burner orifice 65
and downstream of burner head baffle plate 68. Air flow
resistance may be present at point 77. Gas channel 75
may have one or more safety shut-off valves 78.
[0096] Figure 12 is a diagram of an example where
regulation control is applied as mechanically independ-
ent feedback to guard positions of an air restriction valve
82 and a gas restriction valve 81 in a so-called parallel
positioning system. For instance, there may be a gas
butterfly valve 81 (fuel valve) and an air butterfly valve
82 (air valve).
[0097] A pressure control system may be used to gen-
erate a mechanically independent feedback signal in
case of a parallel positioning system. For each combina-
tion of butterfly valve positions, a unique combination of
sensor readings may exist. The present system may uti-
lize a pressure difference over the burner orifice 65 (gas
side) and a pressure difference over the burner head 67
(air side), just like virtually all other systems, that provide

17 18 



EP 3 404 326 A1

11

5

10

15

20

25

30

35

40

45

50

55

input for regulation or guarding the system.
[0098] For a parallel position system, there may be no
need for a stepper motor 63 driven pressure regulator.
The pressure regulator may receive its commands from
a different system. There might be no need for an em-
bedded pressure regulator at all as the sensors at pick-
up points 66, 71 and 72, may provide signals to the re-
striction valves 81 and 82 to correct for small errors that
typically occur due to building pressure regulator char-
acteristics.
[0099] On the other hand, as the present system may
provide flow related feedback, in contradiction to valve
position related feedback from other systems known from
the related art, a stepper driven embedded pressure reg-
ulator that receives its feedback from a pressure sensor
may be applied in combination with the present burner
control system. An advantage of this combination may
be that a system with extremely high turn-down (ratio
between maximal flow and minimal flow in the range of
100:1 or higher) can be achieved while some typical drift
or tolerance may be allowed for the pressure sensor.
[0100] Figure 13 is a diagram of a burner control sys-
tem 251 which may be a variant of system 15 in Figure
1. An air supply 237 may provide air to a first inlet 217
which may have a connection with inlets of a first sensor
225, a second sensor 226, and a third sensor 227. The
first sensor 225, the second sensor 226, and/or the third
sensor 227 may be any type of sensor including, but not
limited to, a pressure sensor, a differential pressure sen-
sor, a mass flow sensor, and/or one or more other types
of sensors that are configured to produce flow dependent
electrical signals. In some cases, a first signal output 231
from the sensor 225 may be connected to an input of a
processor 252, a second signal output 232 from the sec-
ond sensor 226 may be connected to an input of the
processor 252, and a third signal output 233 from the
third sensor 227 may be connected to an input of proc-
essor 252. Please note that all references to a "first", a
"second", a "third" or so on of some feature or element
is for descriptive purposes and not intended to limit that
feature to always being the "first", the "second", the
"third", or so on of that feature. Although not shown, the
processor may be connected to a data storage memory
(e.g., similar to or different from the data storage memory
163).
[0101] In the example system 251 of Figure 13, the
sensors 225, 226, 227 may include a first port connected
to or connectable to an air supply 237, a second port,
and a signal terminal. Further, the system 251 may in-
clude a plurality of coupling points represented by dark-
ened circles depicted in Figure 13. For example, the sys-
tem 251 may include at least a first coupling point having
a first port connected to the second port of the second
sensor, a second port connectable to a fuel source (e.g.,
the fuel supply 245), and a third port; a second coupling
point may include a first port connected to a second port
of the third sensor, a second port connectable to a fuel
source (e.g., the fuel supply 245), and a third port; a third

coupling point having a first port connected to the second
port of the first sensor, a second port connected to the
third port of the second coupling point, and a third port;
a fourth coupling point having a first port connected to
the third port of the third coupling point, a second port
connected to the third port of the first coupling point, and
a third port connectable to a combustion chamber (e.g.,
via the outlet 218). However, other coupling point con-
figurations and/or one or more additional or alternative
coupling points may be utilized.
[0102] The system 251 may include one or more out-
lets including outlet 218 which may be connected to a
reference point downstream of the inlet points where air
and fuel has been mixed together, for instance, at a com-
bustion chamber of a boiler or downstream of a mixing
device. The system 251 may also include one or more
filters (e.g., filters 220a, 220b, 220c, 220d, and/or one or
more other filters) to filter particles out of the incoming
air (e.g., filters 220a, 220b), out of incoming gas (e.g.,
filter 220c), and/or outgoing air-gas that might flow back
due to a pressure surge during ignition (e.g., filter 220d).
Further, the system 251 may include of one or more flow
resistances (e.g., flow resistances 222a, 222b, 222c,
222d, 222e, 222f, 222g), which may typically be orifices
or other resistances. The flow resistances may be the
same, similar, and/or different from each other in size
and resistance level.
[0103] In at least one example of the system 251, the
system 251 may incorporate a first flow path or channel
241 from an air supply 237 having positive air reference
pressure (P1) to a lower pressure (P0) at the outlet 218.
The first flow path or channel 241 may incorporate the
inlet filter 220b, the first sensor 225, one or more flow
resistances (e.g., the flow resistance 222a or other flow
resistances), and/or one or more other features. The first
sensor 225 may produce a first electrical output signal
231 which may reflect a measure related to a flow of air
through the first flow path or channel 241.
[0104] The system 251 may incorporate a second flow
path or channel 242 from the air supply 237 having pos-
itive air reference pressure (P1) and from a fuel supply
245 having a positive fuel reference pressure (P2) to the
lower pressure (P0) at the outlet 218. The second flow
path or channel 242 may incorporate an inlet filter 220a,
the second sensor 226, one or more flow resistances
(e.g., the flow resistances 222c, 222f, 222g or other flow
resistances), and/or one or more other features. The sec-
ond sensor 226 may produce a second electrical signal
232 which reflects a measure related to a flow of fuel
through the second flow path or channel 242. Further, in
some cases, air may flow through the second flow path
or channel 242 in a direction opposite of the arrow of the
second flow path or channel 242 and toward a variable
restriction valve 235 (e.g., a first variable restriction valve
similar to or different than the check valve 35) that is
depicted in Figure 13. In such cases, the second sensor
226 may produce a second electrical signal 232 which
may reflect a measure related to a flow of air through the
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second flow path or channel 242.
[0105] In some cases the variable restriction valve 235
may open and close to supply fuel to the second flow
path or channel 242. The variable restriction valve 235,
in one example, may have a first port connected to or for
connection to the fuel supply 245, a second port connect-
ed to or for connection to the second port of the first cou-
pling point and a third port. In addition to or as an alter-
native, the second port of the variable restriction valve
235 may be connected to or may be for connection to
the second port of the first coupling point and the second
port of the second coupling point.
[0106] The system 251 may incorporate a third flow
path or channel 243. The third flow path or channel 243
may have a first configuration (e.g., the solid line asso-
ciated with 243 identifies the first configuration) and a
second configuration (e.g., the dotted line and solid line
associated with 243 identifies the second configuration).
In some cases, a variable restriction valve 236 (e.g., a
second variable restriction valve similar to or different
than the check valve 35) may be configured to open and
close to adjust the third flow path or channel 243 between
the first configuration and the second configuration. The
third flow path or channel 243 may incorporate the inlet
filters 220a, 220c (selectively), the third sensor 227, one
or more flow resistances (e.g., the flow resistances 222b,
222d, 222e or other flow resistances), and/or one or more
other features.
[0107] The third sensor 227 may produce a third elec-
trical signal 233 which may reflect a measure related to
a flow through the third flow path or channel 243. When
the third flow path or channel 243 is in the first configu-
ration, the third sensor 227 may produce a reading that
reflects a measure related to a flow of air through the
third flow path or channel 243. The reading from the third
sensor 227 when the third flow path or channel 243 is in
the first configuration may be intended to be redundant
with or indicative of a reading from the first sensor 225.
When the third flow path or channel is in the second con-
figuration, the third sensor 227 may produce a reading
that reflects a measure related to a flow of fuel through
the second flow path or channel 242. The reading from
the third sensor 227 when the third flow path or channel
243 is in the second configuration may be intended to be
redundant with or indicative of a reading from the second
sensor. Further, in some cases, air may flow through the
third flow path or channel 243 in a direction opposite of
the arrow of the third flow path or channel 243 and toward
the variable restriction valve 236 that is depicted in Figure
13. In such cases, the third sensor 227 may produce a
third electrical signal 233 which may reflect a measure
related to a flow of air through the third flow path or chan-
nel 243.
[0108] The system 251 may include a processor 252.
The processor 252 may be configured to receive signals
231, 232, 233 from the sensors 225, 226, 227 and/or
send signals to the sensors 225, 226, 227. In some cases,
the processor 252 may have a first terminal connected

to a signal terminal of the first sensor 225, a second ter-
minal connected to a signal terminal of the second sensor
226, and a third terminal connected to a signal terminal
of the third sensor 227 to facilitate transmission of the
signals 231, 232, 233 between the sensors 225, 226, 227
and the processor 252. The terminals of the processor
and the signal terminals of the sensors 225, 226, 227
may be connected in a wired and/or wireless manner.
[0109] Further, the processor 252 may be configured
to send signals 260, 262 (e.g., control signals) to the var-
iable restriction valves 235, 236 and/or receive signals
from the variable restriction valves 235, 236. In some
cases, the processor 252 may be configured to regulate
an air to fuel ratio based, at least in part, on readings
from the first sensor 225 and/or the second sensor 226.
In one example of regulating an air to fuel ratio, the proc-
essor 252 may receive signals from the first sensor 225
and the second sensor 226 and then based, at least in
part, on the signals (e.g., including readings) from the
first sensor 225 and the second sensor 226, the proces-
sor 252 may send the signal 260 to an actuator (e.g.,
where the actuator has a control terminal connected to
a terminal of the processor 252) of the first variable re-
striction valve 235 and set the variable restriction device
235 at a desired position between a fully closed position
and a fully opened position to vary a restriction of the first
variable restriction device 235 to a flow of fuel there-
through, to adjust or set an amount of fuel entering into
the system 251, and/or to maintain or achieve a desired
fuel to air ration.
[0110] In some cases, the processor 252 may be con-
figured to adjust a configuration of the third flow path or
channel 243 between the first configuration and the sec-
ond configuration. In one example, the processor 252
may send the signal 262 to an actuator (e.g., where the
actuator has a control terminal connected to a terminal
of the processor 252) of the second variable restriction
valve 236 to cause the actuator to open or close the sec-
ond variable restriction valve and vary a restriction of the
second variable restriction device 236 to adjust a flow of
fuel therethrough.
[0111] In some cases, the processor 252 may be con-
figured to test one or both of the first sensor 225 and the
second sensor 226, along with the associated flow path
or channel 241, 242. To perform a test on the first sensor
225 and the first flow path or channel 241, the processor
252 may compare one or more readings from the first
sensor 225 for a particular time period to one or more
readings from the third sensor 227 during the particular
time period and when the third flow path or channel 243
is in the first configuration. If the readings from the third
sensor 227 differ from the readings of the first sensor 225
by more than a threshold value, the first sensor 225
and/or the first flow path or channel 241 may be consid-
ered to have failed the test and further investigation into
the cause of the failure may be performed. Similarly, to
perform a test on the second sensor 226 and the second
flow path or channel 242, the processor 252 may com-
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pare one or more readings from the second sensor 226
for a particular time period to one or more readings from
the third sensor 227 during the particular time period and
when the third flow path or channel 243 is in the second
configuration. If the readings from the third sensor 227
differ from the readings of the second sensor 226 by more
than a threshold value, the second sensor 226 and/or
the first flow path or channel 242 may be considered to
have failed the test and further investigation into the
cause of the failure may be performed. Example causes
of failure may include, but are not limited to, a clogged
flow path, sensor drift, etc. Further, if the processor 252
determines a test has been failed, an alert or an alarm
may be initiated by the processor 252.
[0112] An approach may be to record flow sensor 25,
26, 225, 226, 227 readings 31, 32, 231, 232, 233, re-
spectively, and/or other flow sensor readings for different
pressure levels during commissioning and store those
combinations for later use. Depending on heat demand,
the pressure may be regulated at some level and the
present control system may read air flow and regulate
matching a gas flow precisely. One may note that flow
resistances in the main flows, for example as shown in
Figure 1 between node 1 (air input) and node 5 (air and
gas mixing point) and between node 4 (gas input) and
node 5, are not necessarily known. For this, the relation-
ship between two sensor readings 31 and 32, corre-
sponding with the required combustion result that is
measured during commissioning with a CO2 meter or an
O2 meter, or the like, may need to be recorded during
commissioning.
[0113] One may note that only plain air flows through
both sensors 25, 26, 225, 226, and 227. Variation in
chemical content of the applied gaseous fluid will not nec-
essarily affect pressure regulation based on sensor read-
ings.
[0114] Accessibility, signal feedback and adjustability
may be considered. Virtually all required input and output
signals may be lead via a controller to an embedded or
external display/processor that can display results and
that can receive commands from the installer. The dis-
play/processor may be a laptop, smart-phone, burner
controller or dedicated handhold tool. There is necessar-
ily no need to access screws, or read signals close to the
valve inside the burner cover. A connection cable may
be mounted at an easy to reach position, but input, output
signals may also be transferred via a wireless device
during commissioning.
[0115] One may want to lock, secure and fixate set-
tings. Virtually all input and output commands may be
monitored. An ability to adjust settings may be password
protected. Passwords may be coupled to installer ac-
counts. Revision control may be applied for settings. A
list may be made that shows who did what change at
what time together with recorded combustion results. For
non-authorized persons, the readings may be visible but
any adjustment possibility can be blocked.
[0116] Manual adjustment may be avoided. Virtually

all mechanical adjustment devices may be excluded from
the present system. There is necessarily no throttle that
needs adjustment, no mechanical amplifier that needs
adjustment, and no pneumatic amplifier that needs ad-
justment (adjustable throttle).
[0117] The upstream pressure regulator, such as one
in a gas channel, which receives its commands from a
controller, may be stepper motor driven, like items 63
and 64 in Figure 11, and the result of this stepper driven
pressure regulator valve may be guarded by the pressure
control system. The stepper driven pressure regulation
valve may need no external adjustment.
[0118] However, some manual adjustment may be
possible. The installer may enter or change a desired
CO2 result, or an O2 or other emission combustion result
as function of burner capacity. The installer may enter a
desired start up setting. The CO2 curve or O2 curve may
be non-linear if desired.
[0119] There may be semi-automatic commissioning.
A commissioning procedure may be captured in software
and need only some guarding from the installer while it
is applied automatically. The procedure may incorporate
steps: 1) Read the wished combustion result as a function
of burner capacity; 2) Establish initial setting at low flow;
3) Read combustion result from temporary attached com-
bustion sensor as CO2 meter or O2 meter; 4) Determine
direction to adjust gas flow and pressure to get to the
required combustion result; 5) Store readings of flow sen-
sors for optimal setting; 6) Store reading of flow sensors
for limit settings; 7) Repeat for higher burner capacities
until a maximum burner capacity is reached; 8) Validate
settings; 9) Detach temporary combustion sensor; and
10) Repeat combustion after commissioning according
stored data.
[0120] Tolerances, rate of curvature of combustion re-
sult, outer limits, and so on, may be captured in software.
Required actions, based on emission readings, may be
captured in software. No special skills or patience are
necessarily demanded from the installer.
[0121] There may be full automatic commissioning as
noted herein. A commissioning procedure may be cap-
tured in software and need only some guarding from the
combustion sensor which may be connected down-
stream of the combustion chamber measuring flue gas-
es. Measured combustion emissions may be compared
with target combustion emissions. The measured emis-
sion reading may differ from the target emission readings
and an error may be established hence a second correc-
tion factor may be established. A fifth transfer function
may be calculated out of the third transfer function, the
first correction factor and the second correction factor to
calculate a target reading for sensor (#2) as a function
of sensor (#1) reading.
[0122] There is no necessary need for special orifices
with tight tolerances, regardless of any tolerance the sys-
tem is commissioned at and relation between sensor
readings is captured. One significant thing for the system
to perform well may be repeatability and resolution. Re-
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peatability may be checked during a pre-purge system
check and resolution may be chosen as appropriate.
[0123] Diagnostics may be considered. High gas pres-
sure may be detected while the stepper motor driven
pressure regulator has received the command to fully
close while still a sensor reading being measured indi-
cates that a gas pressure level is too high. Low gas pres-
sure may be detected while the stepper motor driven
pressure regulator has received a command to fully open
while still a sensor reading being measured that indicates
a gas pressure level is too low. Low air pressure does
not necessarily have to be detected as the mixing ratio
may be air-gas proportional. Air flow may be measured
and regardless of the level of that flow, the appropriate
amount of gas flow may be regulated. However, it may
be possible to store the fan speed and or the air restriction
valve position together with sensor readings and detect
any mismatch as soon as it occurs. The same may ac-
count for any other mismatch in air flow due to voltage
fluctuations, changing fan or air restriction valve charac-
teristics, chimney characteristics, and so on. Any change
due to blocked filters, blocked orifices, sensor drift may
be detected during pre-purge check. Plugged air filters
20 and 30 may be detected by noting that sensor readings
for sensor (#1) and sensor (#2) gradually reduce over
time during pre-purge check. Change of chemical content
of gaseous fluid does not necessarily affect a mixing ratio
more than (related art) comparable systems in the field.
Typically, the gas suppliers may keep a Wobbe index,
meaning that specific heat capacity over density remains
about the same. Mixing ratios may remain between cer-
tain limits, which can be tested and approved with so-
called limit gases.
[0124] Air flow may be measured and with the sensor
readings 31, 32, 231, 232, 233, and with help of feedback
from CO2 levels or CO levels, the gas flow may be cal-
culated accurately and monitored over time.
[0125] Validation measurements may be helpful.
Measurements may be performed on a tube model with
orifices inside and differential pressure sensors connect-
ed. Gas sided pressure may be treated as leading where
gas pressure is manually adjusted, to achieve a prede-
fined amplification ratio, respectively 2:1, 1:1, 5:1 and
10:1. The tube model may bleed flow to the environment,
which can mean an absence of increased combustion
chamber pressure. Calibration characteristics may be
measured by disconnecting gas pressure channel up-
stream from the orifices and bleeding a flow to environ-
ment.
[0126] Settings may be chosen for validation measure-
ments. Test setup orifices may be normal stamped pro-
duction orifices for gas side upstream at 0.28 mm, gas
side downstream at 0.66 mm, air side upstream at 0.28
mm, and air side downstream, in series with a sensor 1,
at 0.66 mm. Sensor 1 may be at a channel to combustion
chamber at a 500 Pa range, Sensirion™ SDP 620. Sen-
sor 2 may be at a channel between air and gas at a 500
Pa range, Sensirion SDP 620. No orifice should be be-

tween the gas and air tubes.
[0127] Figure 14 is a diagram of a graph 86 a sensor
relation as a function of an overall amplification. Graph
86 may plot steepness of a sensor reading line versus
overall pressure amplification. When overall pressure
amplification is approximately known, for instance, from
an installation specification, it may be easy to find initial
settings for the sensor readings with the curve as shown
in the diagram of graph 86. As an example, an overall
amplification may be expected to be about 4. Steepness
of the specific curve that matches may be approximately
0.6, assuming for the moment that lines cross the origin
virtually in an exact fashion.
[0128] For a given fan speed (and corresponding air
pressure), an initial gas pressure setting may be regulat-
ed at a sensor reading 1, and a sensor reading 2 may
equal 0.6 of sensor reading 1. After an initial start-up, the
setting may be fine-tuned with feedback from a tempo-
rarily attached combustion result meter.
[0129] In conclusion, salient features of the present
system and approach may be reviewed. The present sys-
tem may measure air flow with a first servo mass flow
sensor 25 or differential pressure sensor as a reference
for the heat capacity to the burner chamber being accu-
rate over the whole envisioned flow capacity range. The
present control system may measure the ratio of the gas
and air manifold pressures with a second flow sensor 26
or differential pressure sensor such that only an air flow
passes the sensor and such that the system is capable
to regulate gas pressure in the range from about 0.4 times
the air pressure until about 9 times air pressure.
[0130] Just plain air should flow through the sensors,
and any embedded fail safe protocol of the sensor may
remain valid. Any significant error or drift in the sensor
may be detected, measured and corrected for. Pollution
or plugging of the gas filters may be detected, measured
and compared to a defined threshold. During commis-
sioning, the sensor readings may be stored in the system
and secured for diagnostics later on. Transfer functions
may be derived from the stored values to generate target
values for regulation, correction, and safety decisions.
Optionally, a combustion sensor may be applied to meas-
ure content of flue gases. The reading of the combustion
sensor may be applied to fine-tune or to update specific
transfer functions for regulation. During pre-purge and
during run time operation, the readings of the sensors
may be checked and compared to each other in relation
to a stored value to detect any shift or mismatch. During
pre-purge, virtually any pollution of the gas side filter or
gas side orifice may be checked and measured by com-
paring two situations to a known situation. Also, since
the sensors are coupled directly to the air and fuel, the
system is no longer necessarily sensitive to certain failure
modes (i.e., regulator drift or obstructed air supply). The
system may also have desired flexibility. Virtually any
fuel air curve may be programmed and stored in the con-
troller, no matter how non-linear.
[0131] In a standard burner configuration where a fan
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is used to inject air into the burner under pressure, there
may be a manifold for gas and a manifold for air coming
into the burner. A first bypass channel may be connected
to the air supply downstream of the air control valve or
fan, but upstream of the burner baffle plate and then to
the combustion chamber. In the bypass channel, there
may be a first flow sensor and optionally one orifice. This
may be referred to as a first measurement channel. A
second bypass channel may be connected to the air sup-
ply downstream of the air control valve or fan, but up-
stream of the burner baffle plate and then to the combus-
tion chamber. In the bypass channel, there may be two
orifices. The two orifices in series may form a pneumatic
circuit commonly referred to as an air pressure divider.
A purpose may be to reduce air pressure to a lower level
which is needed for the system to reach minimum am-
plification factor (gas pressure minus combustion cham-
ber pressure over air pressure minus combustion cham-
ber pressure, (Pgas-Pcc)/(Pair-Pcc)=minimal). First and
second bypass channels may also be combined to one
air bypass channel with two orifices and one sensor.
[0132] A third bypass channel may be connected to
the gas supply downstream of the control valve, but up-
stream of the burner orifice and then to the combustion
chamber. In the bypass channel there may be two orific-
es. The two orifices in series may form a pneumatic circuit
commonly referred to as a gas pressure divider. The pur-
pose of this circuit may be to reduce the gas pressure in
the bypass channel from the manifold pressure to some
pressure that is suitable for the whole required pressure
amplification range and between minimal and maximal
flow capacity lower than reduced air pressure. Between
the two orifices of the air pressure divider circuit and the
two orifices of the gas pressure divider circuit there may
be a connection. The connection may be referred to as
the second measurement channel. In the measurement
channel, there may be a mass flow or differential pressure
sensor and optionally an orifice. This sensor may meas-
ure a magnitude of the flow through the measurement
channel or the differential pressure, and provide feed-
back to the systems controller. The readings of the two
sensors may be stored, during commissioning of the ap-
plication, in a table for the required flow capacity range
and for the required amplification range, which can be
used by the microprocessor to give an accurate steering
signal to the actuator that drives the pressure regulation
valve to restore the actual reading at any later time to
those readings that are initially stored in the table.
[0133] The readings of the two sensors during pre-
purge, where the gas valve is closed, may be stored in
a table. The stored readings and the ratio between the
actual readings at any later time may be used as a ref-
erence to detect sensor drift over time.
[0134] Also, a sensor embedded safety protocol may
be utilized as only plain air flow passes the sensor during
operation. The system constituting the sensor, measure-
ment channel, bypass channel, pressure divider, fuel
control valve, and controller may be located in a single

body, may be all individual items, or may make up any
combination. Optionally, a combustion sensor may be
added to the control system for increased ease of system
setup and for improved control accuracy during opera-
tion. This sensor may have to be placed in the flue of the
combustion chamber or other appropriate location to ob-
serve the byproducts of combustion. Another optional
feature may be a temperature addition of temperature
sensor(s) to measure the air and gas temperature. If this
information is available to the system controller, then the
temperature (density) effects on the system mass flows
may be compensated out. The temperature compensa-
tion may or may not involve separate temperature sen-
sors as many readily available pressure and flow sensors
have built-in temperature compensation.
[0135] To set up the present system in the field, the
burner may be adjusted between minimum and maxi-
mum fire and the combustion byproducts can be ob-
served (either manually or by the control itself if it has its
own combustion sensor). The excess air may be adjusted
to the desired amount at each point on the fuel/air curve
between min and max fire, and the output of the sensors
in the measurement channels may be recorded and
stored by the controller.
[0136] This process may be repeated until the entire
fuel/air curve has been profiled and stored. Once the con-
troller has this curve, it may position the air damper and
the pressure regulation valve precisely based on the de-
sired firing rate of the system and the feedback from the
sensors in the measurement channels.
[0137] Further, in some cases precise control of the
fuel/air ratio may be one of the most important aspects
of improving overall burner performance and efficiency.
Related art control systems appear to lack the accuracy,
flexibility, and function/feature sets to take full advantage
of modern day burner performance or to advance burner
designs to the next level. Two of the most common control
systems for controlling burners in the related art may be
the parallel positioning system and the pneumatic gas-
air system. Both have drawbacks.
[0138] The parallel positioning system may rely on pre-
cisely positioning two actuators (one on a fuel control
valve, one on an air damper) along a known, predefined
curve. A drawback to this system may be that the actual
flow of gas and air is not necessarily being measured
directly and that certain shifts (i.e., temperature change,
upstream pressure regulator drift, obstructed air supply,
and so forth) might go undetected and uncompensated.
An advantage of the parallel positioning system appears
to be that it is flexible. This system may be used to control
any fuel/air ratio profile (e.g., non-linear) and do it pre-
cisely.
[0139] The pneumatic gas-air system may utilize pneu-
matic feedback signals from gas, air, and optionally from
the combustion chamber to control the amount of fuel.
Since this system may rely on the fluid parameters of the
gas and air directly, it is not necessarily sensitive to cer-
tain components’ shifting (e.g., upstream pressure reg-
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ulator drift or obstructed air supply). A disadvantage may
be that only two points of the system might be calibrated
and the fuel/air (F/A) curve would be a linear approxima-
tion to what the burner really needs between the two
points. Additionally, this type of system may be sensitive
to, for example, pressure surges due to ignition and pres-
sure instabilities around the pressure pick-up detection
points for Pgas (gas pressure), Pair (air pressure), and
Pcc (combustion chamber pressure).
[0140] A present system may combine the strengths
of the related-art systems and eliminate virtually all of
their weaknesses. A control system may measure the
ratio of the gas and air manifold parameters. The system
may combine the measurement of gas and air in such a
way that a single sensor can be used to measure both
fluids. Optionally, a second sensor may be added for
safety through redundancy or to expand the measure-
ment range of the system. The sensor feedback signal
may replace, or be used in conjunction with, the position
feedback of a parallel positioning system. Since the sen-
sor may be coupled directly to the air and fuel supply,
the system is no longer necessarily sensitive to certain
failure modes (e.g., regulator drift or obstructed air sup-
ply). The system may also have the desired flexibility.
Any fuel air curve may be programmed and stored in the
controller, despite non-linearity. In essence, this system
may have virtually all of the flexibility of a parallel posi-
tioning system, and virtually all of the inherent safety of
a pneumatic gas air system.
[0141] The present burner control arrangement may
be a component of a heating system or a component of
a heating, ventilation and air conditioning (HVAC) sys-
tem.
[0142] Additional features may be added to the base-
line system to make it even more useful to the end user.
The gas and air flow may be trimmed by the controller to
account for variability in the air and gas temperatures
(i.e., densities). This may be achieved by measuring/es-
timating the temperature of the fluids and adjusting the
flow restrictions of air and/or gas, accordingly. For exam-
ple, by keeping the air flow constant and only changing
the gas flow, the burner load may be kept constant. The
system may be further trimmed based on the chemical
composition of the flue gas. This may be achieved by
measuring the byproducts (i.e., NOx, CO, HC, O2, and
so forth) of combustion and adjusting the flow restrictions
of air and/or gas accordingly. These two measures may
be combined to eliminate nearly all of the tolerances from
burner performance design, and should enable the end
user of the system to run at optimum combustion across
a turn-down ratio of the appliance.
[0143] In a standard burner configuration where a fan
may be used to inject air into the burner under pressure,
there may be a manifold for gas and a manifold for air
coming into the burner. A bypass channel may be con-
nected to the gas supply downstream of the control valve,
but upstream of the burner orifice and then to the com-
bustion chamber. In this bypass channel, there may be

two orifices (at least one should be adjustable, but both
can be adjustable for added flexibility of the system).
These two orifices in series may form a pneumatic circuit
commonly referred to as a pressure divider. The purpose
of this circuit may be to reduce the gas pressure in the
bypass channel from the manifold pressure to some pres-
sure closer in value to the air pressure. Between the two
orifices of the pressure divider circuit there may be a cou-
pling between the gas bypass channel and the air supply
channel. This may be referred to as a measurement
channel. In the measurement channel, there may be
mass flow, differential pressure or gauge pressure sen-
sors. The sensors may measure the direction and mag-
nitude of the flow through the measurement channel or
of the differential pressure or gauge pressure, and pro-
vide feedback to the system’s controller. The system con-
stituting the sensor, measurement channel, bypass
channel, pressure divider, fuel control valve, and control-
ler may all be located in a single body, or may all be
individual items, or may be made up of any combination.
Optionally, a combustion sensor may be added to the
control system for increased ease of system setup and
for improved control accuracy during operation. A sensor
may be placed in the flue of the combustion chamber or
other appropriate location to observe byproducts of com-
bustion.
[0144] Another feature may be an addition of temper-
ature sensing to measure the air and gas temperatures.
If this information is available to the system controller,
then the temperature (density) affecting the system mass
flow may be compensated out. The temperature com-
pensation may or may not involve separate temperature
sensors since many readily available pressure and flow
sensors can have built-in temperature measurement
used for compensating temperature drifts of the sensor
and/or compensation of the system to account for tem-
perature related changes in the working fluids.
[0145] To set up the present system in the field, the
burner may be adjusted between minimum and maxi-
mum fire and the combustion byproducts may be ob-
served (either manually or by the controller itself if it has
its own combustion sensor). The air flow and gas flow
may be adjusted to a desired amount at each point on
the fuel/air curve between minimum and maximum fire,
and the output of the sensor in the measurement channel
may be recorded and stored by the controller. This proc-
ess may be repeated until the entire fuel/air curve has
been profiled and stored. Once the controller has this
curve, it may adjust the air damper, fan or the fuel valve
precisely based on a desired firing rate of the system and
feedback from the sensor in the measurement channel.
[0146] One way that the system could work may be as
follows: 1) A combustion sensor senses a byproduct con-
centration and sends a signal to the controller; 2) the
controller recalculates the "predetermined magnitude of
the parameter" based on the present and the desired
byproduct concentrations; and the controller sends a sig-
nal to a control mechanism or mechanisms, adjusting
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fuel and/or air such that the parameter is driven to the
new predetermined magnitude.
[0147] A system, where the temperature of both air and
fuel is monitored, may work as follows: 1) A controller
determines a difference between air and fuel tempera-
tures; 2) The controller recalculates the "predetermined
magnitude of the parameter" based on the temperature
difference; and 3) The controller sends a signal to control
mechanism(s), adjusting fuel and/or air such that the pa-
rameter is driven to the new predetermined magnitude.
[0148] Figure 15 is a diagram of a burner control sys-
tem 310 having a burner fuel and air mixture where the
fuel pressure within or flow through the bypass channel
318 is adjustable. System 310 may have an air supply
channel 311 for pumping air 347 with a fan 312 at one
end of channel 311 into a chamber 313, such as a com-
bustion chamber. At the other end of channel 311, there
may be a baffle plate 317. Fuel 348, such as gas, may
be injected downstream of baffle plate 328 into the air-
flow. Baffle plate 317 may be essential to make sure that
the gas pressure is related to, for instance, the combus-
tion chamber 313 pressure. This may assure that the gas
flow goes down in case of a reduced air flow as a result
of a flow blockage, e.g., in the flue.
[0149] Chamber 313 may be a volume where the one
or more bypass channels terminate. Basically, the by-
pass channel or channels should terminate at a volume
that has the same pressure as the termination points of
the gas and air channels. Combustion chamber may be
regarded herein as an illustrative example of chamber
313. A fuel channel 314 may be connected to a valve
315 at one end and connected at another end to an orifice
316. A measurement channel 319 may connect one end
of a sensor 322 to air channel 311. A bypass channel
318 may have one end connected to fuel channel 314
and another end connected to combustion chamber 313.
A measurement channel 321 may connect another end
of sensor 322 to bypass channel 318. A resistive orifice
323 may be situated in bypass channel 318 between fuel
channel 314 and measurement channel 321. Another re-
sistive orifice 324 may be situated in bypass channel 318
between measurement channel 321 and combustion
chamber 313. Orifices 323 and 324 may constitute a
pressure divider circuit. Orifice 323 may be varied when
tuning burner system 310. Orifice 324 may be fixed but
could also or instead be variable. An orifice may be var-
iable, for example, in size, shape and/or other property.
[0150] Sensor 322 may be one or more flow sensors,
one or more pressure sensors, one or more differential
pressure sensors, and/or a manifold of similar or different
sensors. The present examples in Figures 15-17 may
utilize a differential pressure sensor for illustrative pur-
poses, though the differential sensor may be substituted
with other kinds of sensors such as a flow sensor or gauge
pressure sensors. For instance, if sensor 322 is a flow
sensor, then a flow may go from a channel that would
have had been indicated by the differential pressure sen-
sor as the channel to have a higher pressure, to the other

channel indicated to have the lower pressure as indicated
by the differential pressure sensor if it were situated in
lieu of the flow sensor.
[0151] When tuning the burner system 310 for opera-
tion with nominal settings of air flow in channel 311 and
fuel 348 in channel 314, orifice 323, may be adjusted in
size to, for example, equalize the pressures or adjust
them to predefined magnitudes in measurement chan-
nels 319 and 321, which may be designated as pressures
325 and 326, respectively. As a result, for equalization
between ports 319 and 321 as a matter of course, there
should be no flow through a flow sensor 322 or there
should be a zero pressure difference indicated by a dif-
ferential pressure sensor 322. The differential pressure,
flow rate, gauge pressures, or other parameter value
does not necessarily need to be zero or reflect similar
magnitudes of parameters relating to the air and fuel
channels. There may be a deviation or offset from zero
as a setpoint referred to for control of the air pressure,
gas pressure, flow, or other parameter. A sensor or sen-
sors indicating a parameter comparison relative to the
air and fuel channels may allow for a lambda adjustment
as a function of the burner load and/or air flow. In lieu of
zero, there may be a predefined differential pressure,
gauge pressures, flow, or other parameter relative to the
burner load, fuel consumption, air usage, fuel air mixture,
and/or the like.
[0152] After burner system 310 is in place after being
tuned and operating, for instance, pressures 325 and 326
may become different resulting in an indication by sensor
322 that the pressures are different either by a flow or
differential pressure indication. A signal 332 of the indi-
cation of pressures 325 and 326 or other parameters may
go to a controller 331. In response to the difference in
pressures 325 and 326, controller 331 may send a signal
333 to valve 315. Valve 315 may be motorized in that it
may open or close incrementally according to signal 333.
For example, if pressure 325 is greater than pressure
326, then via signals 332 and 333 to and from controller
331, respectively, valve 315 may open to increase the
fuel pressure in channels 314 and 318, and thus pressure
326 until it is about equal to pressure 325 if that is the
goal, or some predefined differential pressure. If pressure
325 is less than pressure 326, then via signals 332 and
333 to and from controller 331, respectively, valve 315
may close to decrease the fuel pressure in channels 314
and 318, and thus, for example, pressure 326 until it is
about equal to pressure 325 if that is the goal, or some
predefined differential pressure.
[0153] Controller 331 may be connected to fan 312
which may be varied in speed according to a signal 334
from controller 331 and thus vary flow of air 347 through
channel 311. Changing speed of fan 312 may increase
or decrease pressure 325 to make it equal to pressure
326, or result in a predetermined differential pressure
between pressures 325 and 326, or some other param-
eter such as a flow rate, indicated by sensor 322 via sig-
nals 332 and 334 to and from controller 331, respectively.
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[0154] Controller 331 may be connected to a motorized
damper/louver 336 which may vary closure or opening
of channel 311 to affect an amount of air flow through
channel 311 according to a signal 335 from controller
and thus vary the flow of air 347 through channel 311.
Opening or closing damper/louver 336 may increase or
decrease pressure 325 to make it equal to pressure 326,
or to result in a predetermined differential pressure be-
tween pressures 325 and 326, as indicated by sensor
322 via signals 332 and 335 to and from controller 331,
respectively.
[0155] Pressures 325 and 326 may also be equalized
or differentiated to a predetermined value, with a combi-
nation of two or more kinds of control which incorporate
control of valve 315, control of fan 312 and/or control of
damper 336, via signals 333, 334 and 335, respectively,
from controller 331 according to signal 332 from sensor
322. In a basic form, the present system pressures 325
and 326, or a flow rate between channels 319 and 321,
may be adjusted to some value through control over the
fuel 348, such as, for instance, gas.
[0156] Air temperature may be detected by a sensor
327 in air channel 311 and provided as a signal to con-
troller 331 of systems 310, 320 and 330 of Figures 15,
16 and 17, respectively. Fuel temperature may be de-
tected by sensor 340 in fuel channel 314 and provided
as a signal to controller 331 of systems 310, 320 and
330. Instead, temperature sensing of the air 347 and/or
fuel 348 may be a built-in part of primary control of the
air and/or fuel, respectively. Controller 331 may compen-
sate for densities of air 347 and fuel 348 in a fuel air ratio
control. Sensors 327 and 340 may be a combination of
temperature and pressure sensors.
[0157] A demand signal 329 may also go to controller
331 in systems 310, 320 and 330. Signal 329 may be
regarded as a load control signal. A predefined pressure
drop or offset, or flow rate across sensor 322 may be
nearly instantaneously set by controller 331 through ad-
justing fuel valve 315 via line 333 and/or manipulating
the air supply with a mechanism such as, for example,
fan 312 or damper/louver 336 via lines 334 and 335, re-
spectively, from controller 331. The pressure offset or
flow across sensor 322 may be induced as a function of
a demand signal 329. Demand signal 329 may effectively
tell system 310, 320 or 330, what a firing rate should be,
taking into account that a desired fuel air ratio may be
different at different firing rates.
[0158] Any of systems 310, 320 and 330, may be used
with virtually any control scheme such as controlling fuel
348 or air 347 only, controlling both fuel 348 and air 347,
controlling both fuel and air with a combustion byproduct
sensor to offset the system, controlling both the fuel and
air with the combustion byproduct sensor 337, and so
on. A combustion sensor 337 may be mounted at an ex-
haust port 338 of combustion chamber 313 to provide a
signal 339, indicating information about byproducts in ex-
haust gases 346 emanating from a flame 345 at orifice
316 in combustion chamber 313 for systems 310, 320

and 330. Byproducts of combustion in the burner ex-
haust, temperatures of the gas and air, and/or flame qual-
ity may be monitored and adjusted with control of the fuel
and air ratio for optimum combustion in the burner. A
quality of flame 345 may be inferred from information
about byproducts and/or other information such as pa-
rameters relative to pressure, temperature, flow and so
forth. A specific flame quality sensor (not shown) may be
incorporated. Signal 339 may go to controller 331, which
can adjust pressures 325 and/or 326 or flow rate to
change an amount of certain byproducts in exhaust gas-
es 346. Sensor 337 may also or instead be a temperature
sensor of exhaust gases 346. There may also be a sensor
344 situated in chamber 313 and connected to controller
331. Sensor 344 may be a pressure sensor, or a tem-
perature sensor, or both a pressure and temperature sen-
sor. A basic form of the system may incorporate a pres-
sure divider on the fuel (restrictors 323 and 324) or air
side (restrictors 342 and 343), sensor 322, valve 315 and
controller 331 that takes signal 332 from sensor 322 and
drives valve 315 with signal 333. The system does not
necessarily control air 347 but rather the system may
simply follow an air signal that the system is given. A
flame sensor monitor may be added to the present sys-
tem. The sensor may be a flame rod, optical sensor, and
so on, that can monitor the combustion process and be
used to offset the fuel air ratio.
[0159] Figure 16 is a diagram of a burner control sys-
tem 320 having a burner fuel and air mixture where the
air pressure across the sensor is adjustable. System 320
may have some components similar to those of system
310 shown in Figure 15. In system 320, port 321 of sensor
322 may be connected directly to fuel channel 314, since
bypass channel 318 of system 310 is absent. Port 319
of sensor 322 may be connected to a bypass channel
341 that has a one end coupled to air channel 311 and
another end coupled to combustion chamber 313. A re-
strictive orifice 342 may be situated in bypass channel
341 between the end of the bypass channel 341 coupled
to air channel 311 and port 319 of sensor 322. A second
resistive orifice 343 may be situated in bypass channel
341 between the coupling port 319 of sensor 322 and
the end of bypass channel 341 that is coupled to com-
bustion chamber 313. One or both orifices 342 and 343
may be variable, for instance, in size, shape and/or other
property. Pressures 325 and 326 at ports 319 and 321,
respectively, may be equalized initially by adjusting a
passage size of one or both orifices 342 and 343, and
then possibly be set to a predefined differential value of
pressures 325 and 326 indicated by a pressure sensor
322, or a flow rate between ports 319 and 321 of a flow
sensor 322. A variable passage may equal a bypass
channel plus one or more restrictors. In operation further
on in time, pressures 325 and 326 may be equalized or
set to the predefined value by control of air flow in channel
311 by control of fan or air mover 312 with a signal 334
from controller 331 as guided by signal 332 indicating
the differential pressure of pressures 325 and 326 or flow
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rate across sensor 322. Air flow in channel 311 may also
be affected by damper or louver 336 with a signal 335
from controller 331 as guided by signal 332 from sensor
322. The differential of pressures 325 and 326, or flow
rate between ports 319 and 321 of sensor 322, may also
be affected by fuel flow in channel 314 as controlled by
valve 315 with a signal 333 from controller 331 as guided
by signal 332 from sensor 322. Control of the differential
pressure or the flow rate may be effected by valve 315
control, air mover 312 control or damper/louver 336 con-
trol, or any combination of these controls. A basic system
may utilize just the valve 315 control. Sensor 322 may
detect or measure values or magnitudes of other param-
eters relative to channels 311 and 314.
[0160] Figure 17 is a diagram of a burner system 330
having a burner fuel and air mixture where the air and
fuel pressures or flow rate across sensor 322 may be
adjustable. System 330 may have some components
similar to those of systems 310 and 320 shown in Figures
15 and 16, respectively. Bypass channel 341 with restric-
tive orifices 342 and 343 may be coupled at one end to
air channel 311 and coupled at the other end to combus-
tion chamber 313. Port 319 of sensor 322 may be coupled
to bypass channel 341 between orifices 342 and 343.
Port 321 of sensor 322 may be coupled to bypass channel
318 between orifices 323 and 324. Bypass channel 318
with orifices 323 and 324 may be coupled at one end to
fuel channel 314 and coupled at the other end to bypass
channel 341 between orifice 343 and the end of channel
341 connected to combustion chamber 313. Instead of
to channel 341, bypass channel 318 may have the other
end coupled directly to chamber 313. At least one or more
of orifices 323, 324, 342 and 343 may have an adjustable
passage size, shape or other property. By adjusting the
orifices in the bypass channels the gas flow may be ad-
justed in order to meet a desired lambda (excess air)
setting of the application, and thus adjust the amplifica-
tion factor between the air and gas pressures in the air
channel 311 and fuel channel 314, or flow rate between
channels 311 and 314 across sensor 322, respectively.
[0161] In operation further on in time, pressures 325
and 326 may be equalized or made to meet a desired
differential pressure by control of air flow in channel 311
by control of fan or air mover 312 with a signal 334 from
controller 331 as guided by signal 332 indicating the dif-
ferential pressure of pressures 325 and 326 across sen-
sor 322. Instead of the differential value of pressures 325
and 326, another parameter such as flow rate, may be
measured across sensor 322. Air flow in channel 311
may also be affected by damper or louver 336 with a
signal 335 from controller 331 as guided by signal 332
from sensor 322. The differential of pressures 325 and
326 or flow rate as indicated by sensor 322 may also be
affected by fuel flow in channel 314 as controlled by valve
315 with a signal 333 from controller 331 as guided by
signal 332 from sensor 322. Control of the differential
pressure or flow rate may be effected by valve 315 con-
trol, air mover 312 control or damper/louver 336 control,

or any combination of these controls. A measurement of
gauge pressures at both ends of or across sensor 322,or
flow rate may be measured through sensor 322 that is
to provide a signal 332 to controller 331 and in turn the
controller to provide the respective control signals for reg-
ulating air and fuel flow through the respective channels
311 and 314.
[0162] To recap, A burner control system may incor-
porate a first sensor having a first port connectable to an
air supply, a second port, and a signal terminal; a second
sensor having a first port connectable to the air supply,
a second port, and a signal terminal; a third sensor having
a first port connectable to the air supply, a second port,
and a signal terminal; a first coupling point having a first
port connected to the second port of the third sensor, a
second port connectable to a fuel source, and a third port;
a second coupling point having a first port connected to
the second port of the second sensor, a second port con-
nectable to a fuel source, and a third port; a third coupling
point having a first port connected to the second port of
the first sensor, a second port connected to the third port
of the second coupling point, and a third port; a fourth
coupling point having a first port connected to the third
port of the third coupling point, a second port connected
to the third port of the first coupling point, and a third port
connectable to a combustion chamber.
[0163] The burner control system may further incorpo-
rate a processor having a first terminal connected to the
signal terminal of the first sensor, a second terminal con-
nected to the signal terminal of the second sensor, a third
terminal connected to the signal terminal of the third sen-
sor, and having a fourth terminal connectable to a control
terminal for the fuel source.
[0164] In some cases, the fuel source of the burner
control system may incorporate a first variable restriction
device having a first port for connection to a fuel supply,
a second port for connection to the second port of the
first coupling point, and a third port.
[0165] The burner control system may further incorpo-
rate an actuator connected to the first variable restriction
device, and having the control terminal connected to the
third terminal of the processor. In some cases, a signal
to the control terminal of the actuator can vary a restriction
of the first variable restriction device to a flow of fuel
through the first variable restriction device.
[0166] The burner control system may further incorpo-
rate a second variable restriction device having a first
port for connection to the third port of the first variable
restriction device and a second port for connection to the
second port of the second coupling point. In some cases,
adjustment of the second variable restriction device be-
tween an opened position and a closed position, may
adjust an outputted reading of the second sensor.
[0167] In some cases, the second sensor may outputs
a reading that is intended to be redundant with readings
from the first sensor when the second variable restriction
device is closed and the second sensor outputs a reading
that is intended to be redundant with readings from the
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third sensor when the second variable restriction device
is opened.
[0168] The burner control system may further incorpo-
rate an actuator connected to the second variable restric-
tion device, and having the control terminal connected
to the third terminal of the processor. In some cases, a
signal to the control terminal of the actuator can vary a
restriction of the second variable restriction device to a
flow of fuel through the second variable restriction device.
[0169] In some cases, the processor may be config-
ured to regulate an air to fuel ratio based on readings
from the first sensor and the third sensor.
[0170] Further, in some cases, the processor may be
configured to test one of the first sensor and the third
sensor based on comparing readings from the second
sensor to readings from the one of the first sensor and
the second sensor.
[0171] In another example, a burner control system
may incorporate a first flow path having an input from an
air supply; a second flow path having an input from the
air supply and a fuel supply; a third flow path having a
first arrangement with an input only from the air supply
and a second arrangement with an input from the air sup-
ply and the fuel supply; a sensor in communication with
the third flow path; and a processor in communication
with the sensor. The processor may be configured to se-
lectively configure the third flow path in the first arrange-
ment such that the sensor senses a measure indicative
of a measure in the first flow path and selectively config-
ure the third flow path in the second arrangement such
that the sensor senses a measure indicative of a measure
in the second flow path.
[0172] The burner control system may further incorpo-
rate a sensor in communication with the first flow path;
and a sensor in communication with the second flow path.
[0173] In some cases, the processor may be config-
ured to receive a measure sensed by the sensor in com-
munication with the first flow path; receive a measure
sensed by the sensor in communication with the third
flow path when the third flow path is in the first arrange-
ment; and compare the measure sensed by the sensor
in communication with the first flow path to the measure
sensed by the sensor in communication with the third
flow path; provide an alert if the measure sensed by the
sensor in communication with the first flow path differs
from the measure sensed by the sensor in communica-
tion with the third flow path by an amount greater than a
threshold amount.
[0174] In some cases, the processor may be config-
ured to receive a measure sensed by the sensor in com-
munication with the second flow path; receive a measure
sensed by the sensor in communication with the third
flow path when the third flow path is in the second ar-
rangement; compare the measure sensed by the sensor
in communication with the second flow path to the meas-
ure sensed by the sensor in communication with the third
flow path; and provide an alert if the measure sensed by
the sensor in communication with the second flow path

differs from the measure sensed by the sensor in com-
munication with the third flow path by an amount greater
than a threshold amount.
[0175] The burner control system may further incorpo-
rate a first variable restriction device in communication
with the third flow path and the processor. The processor
of the burner control system may be configured to send
a signal to the first variable restriction device to selectively
configure the third flow path in one of the first arrange-
ment and the second arrangement.
[0176] The burner control system may further incorpo-
rate a second variable restriction device in communica-
tion with the fuel supply and the processor. The processor
of the burner control system may be configured to send
a signal to the second variable restriction device to se-
lectively provide a fuel flow input to the second flow path
and the third flow path.
[0177] In one approach, a burner control system may
be tested. The approach may incorporate receiving a
measure sensed by a first sensor in communication with
a first flow path having an air supply input; receiving a
measure sensed by a second sensor in communication
with a second flow path having an air supply and a fuel
supply; adjusting a third flow path to one of a first config-
uration in which the third flow path has an input from only
the air supply and a second configuration in which the
third flow path has an input from the air supply and the
fuel supply; receiving a measure sensed by a third sensor
in communication with the third flow path; and comparing
the measure sensed the third sensor to one or both of
the measure sensed by the first sensor and the measure
sensed by the second sensor.
[0178] In some cases, the approach may incorporate
that if the third flow path is in the first configuration, the
comparing step includes comparing the measure sensed
by the third sensor to the measure sensed by the first
sensor; and if the third flow path is in the second config-
uration, the comparing step includes comparing the
measure sensed by the third sensor to the measure
sensed by the second sensor.
[0179] Further, the approach may incorporate trigger-
ing an alert if the measure sensed by the third sensor
differs by more than a threshold amount from one or more
of the measure sensed by the first sensor and the meas-
ure sensed by the second sensor.
[0180] In some cases, the approach may incorporate
adjusting the third flow path to one of the first configura-
tion and the second configuration includes sending a sig-
nal from a processor to a variable restriction device in
communication with the third flow path.
[0181] Further, a burner control system for heating,
ventilating and air conditioning (HVAC) may incorporate
an air channel having an output coupled to a chamber,
a fuel channel having an output coupled to the chamber,
an air mover coupled to the air channel, a fuel valve cou-
pled to an input of the fuel channel, a first bypass channel
having a first end coupled to the air channel and having
a second end coupled to the chamber, a second bypass
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channel having a first end coupled to the fuel channel
and a second end coupled to the first bypass channel or
the chamber, a sensor having a first port connected to
the first bypass channel and having a second port con-
nected to the second bypass channel, and a controller
connected to the sensor. The sensor may detect a pa-
rameter between the first port of the sensor and the sec-
ond port of the sensor. The sensor may provide a signal,
indicating a magnitude of the parameter, to the controller.
The controller may send a signal to a control mechanism
to adjust an amount of fuel to the fuel channel and/or to
adjust a quantity of air to the air channel, so as to cause
the parameter to approach a predetermined magnitude
for achieving a certain fuel air ratio of a fuel air mixture
to the chamber. The parameter may be selected from a
group consisting of a flow rate, differential pressure and
gauge pressures.
[0182] There may also be a sensor, situated in the
chamber and connected to the controller, for detecting a
quality of a flame resulting from the fuel air mixture in the
chamber. The quality of the flame may be used to achieve
or adjust a ratio of the fuel air mixture.
[0183] The system may further incorporate a first re-
strictor orifice situated in the second bypass channel be-
tween the first end of the second bypass channel and
the second port of the sensor, and a second restrictor
orifice situated in the second bypass channel between
the second port of the sensor and the second end of the
second bypass channel.
[0184] The system may also further incorporate a third
restrictor orifice situated in the first bypass channel be-
tween the first end of the first bypass channel and the
first port of the sensor, and a fourth restrictor orifice sit-
uated in the first bypass channel between the first port
of the sensor and second end of the second bypass chan-
nel coupled to the first bypass channel or the chamber.
[0185] One or more restrictor orifices may have a var-
iable orifice size. The variable orifice size may be varied
to make the parameter approach the predetermined
magnitude.
[0186] The control mechanism may be the fuel valve
that adjusts the amount of fuel to the fuel channel so as
to cause the parameter to approach the predetermined
magnitude. The control mechanism may be an air mover
that adjusts the quantity of air to the air channel so as to
cause the parameter to approach the predetermined
magnitude.
[0187] The system may further incorporate a variable
damper/louver situated in the air channel. The control
mechanism may be the variable damper/louver that ad-
justs the quantity of air to the air channel so as to cause
the parameter to approach the predetermined magni-
tude.
[0188] The sensor may be an item consisting of one
or more sensors and is selected from a group consisting
of one or more pressure sensors, differential pressure
sensors, and flow sensors.
[0189] The system may further incorporate a combus-

tion sensor situated at an exhaust port of the chamber.
The combustion sensor may provide a signal, indicative
of a concentration of one or more combustion byprod-
ucts, to the controller. The controller may calculate a pre-
determined magnitude of the parameter based on the
concentration and desired concentration of the one or
more combustion byproducts. The controller may send
a signal to the control mechanism to adjust the amount
of fuel to the fuel channel and/or to adjust the quantity of
air to the air channel so as to drive the parameter to a
new predetermined magnitude.
[0190] The system may further incorporate a temper-
ature sensor situated in a fuel channel and/or air channel.
The temperature sensor may provide a signal, indicative
of a temperature of fuel and/or air, to the controller. The
controller may calculate a predetermined magnitude of
the parameter based on the temperature of the fuel
and/or air. The controller may send a signal to the control
mechanism to adjust the amount of fuel to the fuel chan-
nel and/or to adjust the quantity of air to the air channel
so as to drive the parameter to a new predetermined
magnitude.
[0191] Another burner control system may incorporate
a chamber, an air channel having an output coupled to
the chamber, a fuel channel having an output coupled to
the chamber, an air mover coupled to the air channel, a
fuel valve coupled to an input of the fuel channel, a bypass
channel having a first end coupled to the fuel channel
and having a second end coupled to the chamber, a sen-
sor having a first port coupled to the air channel and hav-
ing a second port coupled to the bypass channel, and a
controller connected to the sensor and to the valve or the
air mover.
[0192] A difference between a first parameter at the
first port of the sensor and a second parameter at the
second port of the sensor may be detected by the sensor.
[0193] The system may further incorporate one or
more restrictors situated in the bypass channel. At least
one restrictor of the one or more restrictors may have a
variable flow restriction. A variable passage may incor-
porate a bypass channel and one or more restrictions.
The variable passage may be tuned so that a difference
of magnitudes of the first parameter and the second pa-
rameter approaches a magnitude to obtain a predeter-
mined fuel air mixture during operation of the burner sys-
tem.
[0194] If the difference of magnitudes of the first and
second parameters is greater or less than a predeter-
mined magnitude by a given delta of magnitude, a signal
from the sensor to the controller may indicate the differ-
ence of the first and second parameters, and the control-
ler may provide a signal to the valve to close or open the
valve to decrease or increase fuel flow in the fuel channel
or to the air mover to decrease or increase air flow and
change the difference between the first and second pa-
rameters to approach the predetermined magnitude.
[0195] A predetermined magnitude of the difference
between the first and second parameters may be needed
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to obtain a correct fuel air mixture. if the first parameter
needs to be greater than the second parameter to ap-
proach the predetermined magnitude of the difference
between the first and second parameters, then the con-
troller may provide a signal to adjust the valve to change
an amount of fuel entering the fuel channel or to adjust
the air mover to change an amount of air entering the air
channel which decreases the second parameter or in-
creases the first parameter. If the second parameter
needs to be greater than the first parameter to approach
the predetermined magnitude of the difference between
the first and second parameters, then the controller may
provide a signal to the valve to change an amount of fuel
entering the fuel channel or to adjust the air mover to
change an amount of air entering the air channel which
increases the second parameter or decreases the first
parameter.
[0196] The following may be stated as an alternative
to the previous paragraph. If the difference between the
first and the second parameter needs to be increased to
approach the predetermined magnitude of the difference
between the first and second parameters, then the con-
troller may provide a signal to adjust the valve to decrease
an amount of fuel entering the fuel channel and/or to ad-
just the air mover to increase an amount of air entering
the air channel which decreases the second parameter
and/or increases the first parameter, respectively. If the
difference between the first and the second parameter
needs to be decreased to approach the predetermined
magnitude of the difference between the first and second
parameters, then the controller may provide a signal to
adjust the valve to increase an amount of fuel entering
the fuel channel and/or to adjust the air mover to de-
crease an amount of air entering the air channel which
increases the second parameter and/or decreases the
first parameter, respectively.
[0197] Still another burner system may incorporate an
air channel having an output coupled to a combustion
chamber, a fuel channel having an output coupled to the
chamber, an air flow control mechanism coupled to the
air channel, a fuel valve coupled to an input of the fuel
channel, a bypass channel having a first end coupled to
the air channel and having a second end coupled to the
chamber, and a sensor having a first port coupled to the
bypass channel and a second port coupled to the fuel
channel.
[0198] The system may further incorporate a controller
having an input connected to an output of the sensor. A
difference between a first parameter at the first port of
the sensor and a second parameter at the second port
of the sensor may be detected by the sensor and indi-
cated by the sensor on a signal to the controller. The
system may still further incorporate one or more restric-
tors situated in the bypass channel. At least one restrictor
of the one or more restrictors may have a variable flow
restriction.
[0199] A predetermined magnitude of the difference
between the first and second parameters may be needed

to obtain a correct fuel air mixture. If the second param-
eter needs to be more than the first parameter to ap-
proach the predetermined magnitude of the difference
between the first and second parameters, then the con-
troller may provide a signal to the air flow control mech-
anism to adjust an amount of air going through the air
channel or to the valve to adjust an amount of fuel going
through the fuel channel which decreases the first pa-
rameter or increases the second parameter. If the first
parameter needs to be greater than the second param-
eter to approach the predetermined magnitude of the dif-
ference between the first and second parameters, then
the controller may provide a signal to the air flow control
mechanism to adjust the amount of air going through the
air channel or to the valve to adjust the amount of fuel
going through the fuel channel which increases the first
parameter or decreases the second parameter.
[0200] The system may further incorporate a second
sensor connected to the controller and situated in the
chamber. The second sensor may detect a quality of a
flame in the chamber. The quality of the flame may be
conveyed via a signal to the controller for calculating a
fuel air mixture for optimizing the quality of the flame in
the chamber. The fuel air mixture may be attained by
signals from the controller to the air flow control mecha-
nism and/or to the fuel valve. Optimizing the quality of
the flame may incorporate reducing or increasing the by-
products in an exhaust of the chamber, increasing or de-
creasing an amount of heat per unit of fuel used, and/or
achieving other beneficial results relative to energy, en-
vironment, efficiency, and/or the like.
[0201] In the present specification, some of the matter
may be of a hypothetical or prophetic nature although
stated in another manner or tense.
[0202] Although the present system and/or approach
has been described with respect to at least one illustrative
example, many variations and modifications will become
apparent to those skilled in the art upon reading the spec-
ification. It is therefore the intention that the appended
claims be interpreted as broadly as possible in view of
the related art to include all such variations and modifi-
cations.
[0203] Preferred Embodiments of the Present Inven-
tion are as numbered below:

1. A burner control system comprising:

a first sensor having a first port connectable to
an air supply, a second port, and a signal termi-
nal;
a second sensor having a first port connectable
to the air supply, a second port, and a signal
terminal;
a third sensor having a first port connectable to
the air supply, a second port, and a signal ter-
minal;
a first coupling point having a first port connected
to the second port of the third sensor, a second
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port connectable to a fuel source, and a third
port;
a second coupling point having a first port con-
nected to the second port of the second sensor,
a second port connectable to a fuel source, and
a third port;
a third coupling point having a first port connect-
ed to the second port of the first sensor, a second
port connected to the third port of the second
coupling point, and a third port; and
a fourth coupling point having a first port con-
nected to the third port of the third coupling point,
a second port connected to the third port of the
first coupling point, and a third port connectable
to a combustion chamber.

2. The system of 1, further comprising a processor
having a first terminal connected to the signal termi-
nal of the first sensor, a second terminal connected
to the signal terminal of the second sensor, a third
terminal connected to the signal terminal of the third
sensor, and having a fourth terminal connectable to
a control terminal for the fuel source.

3. The system of 2, wherein the control terminal for
the fuel source comprises a first variable restriction
device having a first port for connection to a fuel sup-
ply, a second port for connection to the second port
of the first coupling point, and a third port.

4. The system of 3, further comprising:

an actuator connected to the first variable re-
striction device, and having the control terminal
connected to the third terminal of the processor;
and
wherein a signal to the control terminal of the
actuator can vary a restriction of the first variable
restriction device to a flow of fuel through the
first variable restriction device.

5. The system of 3, further comprising a second var-
iable restriction device having a first port for connec-
tion to the third port of the first variable restriction
device and a second port for connection to the sec-
ond port of the second coupling point.

6. The system of 5, wherein adjustment of the second
variable restriction device between an opened posi-
tion and a closed position, adjusts an outputted read-
ing of the second sensor.

7. The system of 6, wherein the second sensor out-
puts a reading that is intended to be redundant with
readings from the first sensor when the second var-
iable restriction device is closed and the second sen-
sor outputs a reading that is intended to be redundant
with readings from the third sensor when the second

variable restriction device is opened.

8. The system of 5, further comprising:

an actuator connected to the second variable
restriction device, and having the control termi-
nal connected to the third terminal of the proc-
essor; and
wherein a signal to the control terminal of the
actuator can vary a restriction of the second var-
iable restriction device to a flow of fuel through
the second variable restriction device.

9. The system of 2, wherein the processor is config-
ured to regulate an air to fuel ratio based on readings
from the first sensor and the third sensor.

10. The system of 2, wherein the processor is con-
figured to test one of the first sensor and the third
sensor based on comparing readings from the sec-
ond sensor to readings from the one of the first sen-
sor and the second sensor.

11. A burner control system comprising:

a first flow path having an input from an air sup-
ply;
a second flow path having an input from the air
supply and a fuel supply;
a third flow path having a first arrangement with
an input only from the air supply and a second
arrangement with an input from the air supply
and the fuel supply;
a sensor in communication with the third flow
path; and
a processor in communication with the sensor,
wherein the processor is configured to selective-
ly configure the third flow path in the first ar-
rangement such that the sensor senses a meas-
ure indicative of a measure in the first flow path
and selectively configure the third flow path in
the second arrangement such that the sensor
senses a measure indicative of a measure in the
second flow path.

12. The system of 11, further comprising:

a sensor in communication with the first flow
path; and
a sensor in communication with the second flow
path.

13. The system of 12, wherein the processor is con-
figured to:

receive a measure sensed by the sensor in com-
munication with the first flow path;
receive a measure sensed by the sensor in com-
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munication with the third flow path when the third
flow path is in the first arrangement;
compare the measure sensed by the sensor in
communication with the first flow path to the
measure sensed by the sensor in communica-
tion with the third flow path; and
provide an alert if the measure sensed by the
sensor in communication with the first flow path
differs from the measure sensed by the sensor
in communication with the third flow path by an
amount greater than a threshold amount.

14. The system of 12, wherein the processor is con-
figured to:

receive a measure sensed by the sensor in com-
munication with the second flow path;
receive a measure sensed by the sensor in com-
munication with the third flow path when the third
flow path is in the second arrangement;
compare the measure sensed by the sensor in
communication with the second flow path to the
measure sensed by the sensor in communica-
tion with the third flow path; and
provide an alert if the measure sensed by the
sensor in communication with the second flow
path differs from the measure sensed by the
sensor in communication with the third flow path
by an amount greater than a threshold amount.

15. The system of 11, further comprising:

a first variable restriction device in communica-
tion with the third flow path and the processor;
and
wherein the processor is configured to send a
signal to the first variable restriction device to
selectively configure the third flow path in one
of the first arrangement and the second arrange-
ment.

16. The system of 15, further comprising:

a second variable restriction device in commu-
nication with the fuel supply and the processor;
and
wherein the processor is configured to send a
signal to the second variable restriction device
to selectively provide a fuel flow input to the sec-
ond flow path and the third flow path.

17. A method of testing a burner control system, the
method comprising:

receiving a measure sensed by a first sensor in
communication with a first flow path having an
air supply input;
receiving a measure sensed by a second sensor

in communication with a second flow path hav-
ing an air supply and a fuel supply;
adjusting a third flow path to one of a first con-
figuration in which the third flow path has an input
from only the air supply and a second configu-
ration in which the third flow path has an input
from the air supply and the fuel supply;
receiving a measure sensed by a third sensor
in communication with the third flow path; and
comparing the measure sensed the third sensor
to one or both of the measure sensed by the first
sensor and the measure sensed by the second
sensor.

18. The method of 17, wherein
if the third flow path is in the first configuration, the
comparing step includes comparing the measure
sensed by the third sensor to the measure sensed
by the first sensor; and
if the third flow path is in the second configuration,
the comparing step includes comparing the measure
sensed by the third sensor to the measure sensed
by the second sensor.

19. The method of 17, further comprising triggering
an alert if the measure sensed by the third sensor
differs by more than a threshold amount from one or
more of the measure sensed by the first sensor and
the measure sensed by the second sensor.

20. The method of 17, wherein adjusting the third
flow path to one of the first configuration and the
second configuration includes sending a signal from
a processor to a variable restriction device in com-
munication with the third flow path.

Claims

1. A burner control system comprising:

a first sensor having a first port connectable to
an air supply, a second port, and a signal termi-
nal;
a second sensor having a first port connectable
to the air supply, a second port, and a signal
terminal;
a third sensor having a first port connectable to
the air supply, a second port, and a signal ter-
minal;
a first coupling point having a first port connected
to the second port of the third sensor, a second
port connectable to a fuel source, and a third
port;
a second coupling point having a first port con-
nected to the second port of the second sensor,
a second port connectable to a fuel source, and
a third port;
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a third coupling point having a first port connect-
ed to the second port of the first sensor, a second
port connected to the third port of the second
coupling point, and a third port; and
a fourth coupling point having a first port con-
nected to the third port of the third coupling point,
a second port connected to the third port of the
first coupling point, and a third port connectable
to a combustion chamber.

2. The system of claim 1, further comprising:

a processor having a first terminal connected to
the signal terminal of the first sensor, a second
terminal connected to the signal terminal of the
second sensor, a third terminal connected to the
signal terminal of the third sensor, and having a
fourth terminal connectable to a control terminal
for the fuel source; and
wherein the control terminal for the fuel source
comprises a first variable restriction device hav-
ing a first port for connection to a fuel supply, a
second port for connection to the second port of
the first coupling point, and a third port.

3. The system of claim 2, further comprising:

an actuator connected to the first variable re-
striction device, and having the control terminal
connected to the third terminal of the processor;
and
wherein a signal to the control terminal of the
actuator can vary a restriction of the first variable
restriction device to a flow of fuel through the
first variable restriction device.

4. The system of claim 2, further comprising:
a second variable restriction device having a first port
for connection to the third port of the first variable
restriction device and a second port for connection
to the second port of the second coupling point; and
wherein:

adjustment of the second variable restriction de-
vice between an opened position and a closed
position, adjusts an outputted reading of the sec-
ond sensor; and
the second sensor outputs a reading that is in-
tended to be redundant with readings from the
first sensor when the second variable restriction
device is closed and the second sensor outputs
a reading that is intended to be redundant with
readings from the third sensor when the second
variable restriction device is opened.

5. The system of claim 4, further comprising:

a second variable restriction device having a first

port for connection to the third port of the first
variable restriction device and a second port for
connection to the second port of the second cou-
pling point; and
an actuator connected to the second variable
restriction device, and having the control termi-
nal connected to the third terminal of the proc-
essor; and
wherein a signal to the control terminal of the
actuator can vary a restriction of the second var-
iable restriction device to a flow of fuel through
the second variable restriction device.

6. The system of claim 2, wherein:

the processor is configured to regulate an air to
fuel ratio based on readings from the first sensor
and the third sensor; or
the processor is configured to test one of the
first sensor and the third sensor based on com-
paring readings from the second sensor to read-
ings from the one of the first sensor and the sec-
ond sensor.

7. A burner control system comprising:

a first flow path having an input from an air sup-
ply;
a second flow path having an input from the air
supply and a fuel supply;
a third flow path having a first arrangement with
an input only from the air supply and a second
arrangement with an input from the air supply
and the fuel supply;
a sensor in communication with the third flow
path; and
a processor in communication with the sensor,
wherein the processor is configured to selective-
ly configure the third flow path in the first ar-
rangement such that the sensor senses a meas-
ure indicative of a measure in the first flow path
and selectively configure the third flow path in
the second arrangement such that the sensor
senses a measure indicative of a measure in the
second flow path.

8. The system of claim 7, further comprising:

a sensor in communication with the first flow
path; and
a sensor in communication with the second flow
path; and
wherein the processor is configured to:

receive a measure sensed by the sensor in
communication with the first flow path;
receive a measure sensed by the sensor in
communication with the third flow path
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when the third flow path is in the first ar-
rangement;
compare the measure sensed by the sensor
in communication with the first flow path to
the measure sensed by the sensor in com-
munication with the third flow path; and
provide an alert if the measure sensed by
the sensor in communication with the first
flow path differs from the measure sensed
by the sensor in communication with the
third flow path by an amount greater than a
threshold amount.

9. The system of claim 7, further comprising:

a sensor in communication with the first flow
path; and
a sensor in communication with the second flow
path; and
wherein the processor is configured to:

receive a measure sensed by the sensor in
communication with the second flow path;
receive a measure sensed by the sensor in
communication with the third flow path
when the third flow path is in the second
arrangement;
compare the measure sensed by the sensor
in communication with the second flow path
to the measure sensed by the sensor in
communication with the third flow path; and
provide an alert if the measure sensed by
the sensor in communication with the sec-
ond flow path differs from the measure
sensed by the sensor in communication
with the third flow path by an amount greater
than a threshold amount.

10. The system of claim 7, further comprising:

a first variable restriction device in communica-
tion with the third flow path and the processor;
and
wherein the processor is configured to send a
signal to the first variable restriction device to
selectively configure the third flow path in one
of the first arrangement and the second arrange-
ment.

11. The system of claim 10, further comprising:

a second variable restriction device in commu-
nication with the fuel supply and the processor;
and
wherein the processor is configured to send a
signal to the second variable restriction device
to selectively provide a fuel flow input to the sec-
ond flow path and the third flow path.

12. A method of testing a burner control system, the
method comprising:

receiving a measure sensed by a first sensor in
communication with a first flow path having an
air supply input;
receiving a measure sensed by a second sensor
in communication with a second flow path hav-
ing an air supply and a fuel supply;
adjusting a third flow path to one of a first con-
figuration in which the third flow path has an input
from only the air supply and a second configu-
ration in which the third flow path has an input
from the air supply and the fuel supply;
receiving a measure sensed by a third sensor
in communication with the third flow path; and
comparing the measure sensed the third sensor
to one or both of the measure sensed by the first
sensor and the measure sensed by the second
sensor.

13. The method of claim 12, wherein
if the third flow path is in the first configuration, the
comparing step includes comparing the measure
sensed by the third sensor to the measure sensed
by the first sensor; and
if the third flow path is in the second configuration,
the comparing step includes comparing the measure
sensed by the third sensor to the measure sensed
by the second sensor.

14. The method of claim 12, further comprising triggering
an alert if the measure sensed by the third sensor
differs by more than a threshold amount from one or
more of the measure sensed by the first sensor and
the measure sensed by the second sensor.

15. The method of claim 12, wherein adjusting the third
flow path to one of the first configuration and the
second configuration includes sending a signal from
a processor to a variable restriction device in com-
munication with the third flow path.
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