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(57) Abstract: A system for boiler control is provided. The system includes supply units to provide supplies of combustion materials
for combustion thereot, a vessel coupled to the supply units in which the combustion materials are combusted, a carbon monoxide
(CO) sensor disposed at an outlet of the vessel to sense a quantity of exhaust CO output from the vessel as a product of combustion
therein and a control unit. The control unit is coupled to the supply units and the sensor and configured to issue a main servo com -
mand and a pulse servo command to one or more of the supply units to control operations ot the one or more supply units in accord -
ance with the sensed quantity of the exhaust CO.
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SYSTEM FOR BOILER CONTROL

BACKGROUND OF THE INVENTION

[0001] Aspects of the invention are directed to a system for boiler control.

[0002] Today's state-of-the-art boiler controllers are designed and tuned to run at or
above a given quantity of exhaust gas O2. This is done for reasons of safety (carbon
monoxide, flame stability), emission regulations and operational robustness but results in an
efficiency penalty. Since CO is not measured, conservative margins are built into boiler
systems in order to avoid violation of operational constraints. These conservative margins

further erode efficiency.

BRIEF DESCRIPTION OF THE INVENTION

[0003] A system for boiler control is provided. The system includes supply units to
provide supplies of combustion materials for combustion thercof, a vessel coupled to the
supply units in which the combustion materials are combusted, a carbon monoxide (CO)
sensor disposed at an outlet of the vessel to sense a quantity of exhaust CO output from the
vessel as a product of combustion therein and a control unit. The control unit is coupled to the
supply units and the sensor and configured to issue a main servo command and a pulse servo
command to one or more of the supply units to control operations of the one or more supply
units in accordance with the sensed quantity of the exhaust CO.

[0004] Issuance of the main servo command provides baseline amounts of the
combustion materials for combustion for baseline amounts of time. Issuance of the pulse
servo command increases the amount of the combustion materials provided for combustion
beyond the baseline amounts for short times that are shorter than the bascline amounts of
time.

[0005] A method of boiler control is provided. The method includes issuing a main
servo command to one or more supply units coupled to a vessel for providing baseline
amounts of the combustion materials to the vessel for combustion thereof within the vessel
for baseline amounts of time and issuing a pulse servo command to the one or more supply
units to increase the amount of the combustion materials provided for combustion thercof
beyond the baseline amounts for short times that are shorter than the baseline amounts of
time. The method further includes sensing a quantity of carbon monoxide (CO) produced by
combustion within the vessel and controlling the issuing of the main and pulse servo

commands in accordance with at least the sensed quantity of the CO.



WO 2012/161687 PCT/US2011/037536

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] The subject matter which is regarded as the invention is particularly pointed
out and distinctly claimed in the claims at the conclusion of the specification. The foregoing
and other features, and advantages of the invention are apparent from the following detailed
description taken in conjunction with the accompanying drawings in which:

[0007] FIG. 1 is a schematic diagram of a boiler apparatus;

[0008] FIG. 2 is a graphical display of main and pulse servo commands for use with
the boiler apparatus of FIG. 1; and

[0009] FIG. 3 is a schematic diagram of components of an exemplary control unit of

the boiler apparatus of FIG. 1.

DETAILED DESCRIPTION OF THE INVENTION

[0010] With reference to FIG. 1, a boiler apparatus 10 is provided. The boiler
apparatus 10 includes first and second supply units 20, 21, a vessel 30, a carbon monoxide
(CO) sensor 40 and a control unit 50. The first and second supply units 20, 21 are configured
to provide supplies of combustion materials for combustion thereof to an interior 31 of the
vessel 30, which is coupled to the first and second supply units 20, 21, and in which
combustion of the combustion materials occurs. The carbon monoxide (CO) sensor 40 is
disposed at an outlet 32 of the interior 31 of the vessel 30 to sense a quantity of exhaust CO
that is output from the vessel 30 as a product of combustion therein. The control unit 50 is
coupled to the first and second supply units 20, 21 and to the sensor 40. The control unit 50 is
configured to issue a main servo command 501 and a pulse servo command 502 (see FIG. 2)
to one or more of the first and second supply units 20, 21 to control operations thereof in
accordance with the sensed quantity of the exhaust CO.

[0011] Typically, fuel flow in a boiler is scheduled (statically) based on a “firing rate’
(a controller internal variable that another controller dynamically computes, based, e.g., on
water temperature or steam pressure). In some systems, air flow is also scheduled based on
the firing rate, while in other systems air flow is controlled to a firing rate dependant setpoint.
For CO based control, this setpoint can be dynamically adjusted based on measurements of
the sensed quantity of the exhaust CO. The pulse servo command 502 (or a ‘MicroPulse’)
enables CO based control while limiting large CO excursions.

[0012] All boilers run ‘lean’ (as opposed to stoichiometric like in a typical gasoline
driven internal combustion engine) meaning there is always a surplus of air being flown into

the boiler. An air-fuel ratio of 1.1 means that 10% more air than is stoichiometrically
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necessary is present. An objective of the pulse servo command 502 (i.e., the ‘MicroPulse’) is
to temporarily lean-out the mixture to, for example, a ratio of 1.07. This can be achieved in
various manners including, but not limited to, adding more fuel or flowing less air. These
operations are_functionally nearly equivalent and interchangeable and the choice between
them depends on engineering considerations (e.g. actuator speed).

[0013] In accordance with embodiments, the vessel 30 may be a combustor of, for
example, a gas turbine engine. In this and other similar cases, the first supply unit 20
provides a supply of air for combustion thereof to the interior 31 of the vessel 30 and the
second supply unit 21 provides a supply of fuel for combustion thercof to the interior 31 of
the vessel 30. The vessel 30 further includes a mixing 301 section in which the combustion
materials (i.c., the air and fuel) are mixed and a combustion section 302. The combustion
section 302 is disposed downstream from the mixing section 301 and is formed to define the
interior 31 where combustion of the combustion materials occurs. The combustion section
302 is further formed to define the outlet 32 where the sensor 40 is disposed.

[0014] With reference to FIGS. 1 and 2, the main servo command 501 includes one or
both of a first base command 5010 to be issued to the first supply unit 20 and a second base
command 5011 to be issued to the second supply unit 21. The first base command 5010
instructs the first supply unit 20 to provide to the interior 31 of the vessel 30 a bascline
amount of air for combustion thereof for a baseline amount of time. The second base
command 5011 instructs the second supply unit 21 to provide to the interior 31 of the vessel
30 a bascline amount of fuel for combustion thercof for a bascline amount of time. In
accordance with embodiments, the respective baseline amounts of air, fuel and time may be
associated with a boiler baseline performance of the boiler apparatus 10.

[0015] The pulse servo command 502 includes one or both of a first additional
command 5020 to be issued to the first supply unit 20 and a second additional command 5021
to be issued to the second supply unit 21. The first additional command 5020 instructs the
first supply unit 20 to decrease the amount of air provided to the interior 31 of the vessel 30
for combustion thereof beyond the baseline amount of the air for a short time that is shorter
than the baseline amount of time. The second additional command 5021 instructs the second
supply unit 21 to increase the amount of fuel provided to the interior 31 of the vessel 30 for
combustion thereof beyond the baseline amount of the fuel for a short time that is shorter than
the baseline amount of time.

[0016] As shown in FIG. 2, the main servo command 501 is variable over time and

may increase over time by a steadily decreasing amount to an equilibrium at which no further
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increase occurs. The pulse servo command 502 is also variable over time and issued
periodically. In accordance with an embodiment, the pulse servo command 502 may be
issued for approximately 5 seconds every 30 seconds although it is to be understood that this
is merely exemplary and that other frequencies and periods are possible. In this way, the
pulse servo command 502 probes whether a current operating point of the boiler apparatus 10
as established by the main servo command 501 is near a critical air and fuel ratio at which a
quantity of exhaust CO as sensed by the sensor 40 starts to rise sharply. The time
displacement between each pulse accounts for the delay that would be expected before results
of the pulse would be sensed. Since the pulse is relatively short, the time spent with such
probing in effect is limited so as to limit the exhaust of an increased amount of CO for an
extended period of time.

[0017] In particular, from time to to time t,, the control unit 50 issues the main servo
command 501 to one or more of the first and second supply units 20, 21. The main servo
command 501 instructs the one or more of the first and second supply units 20, 21 to steadily
decrease/increase the corresponding supply(ics) of the air and/or fuel to interior 31 of the
vessel 30. From time t, to time ty, the control unit 50 issues the pulse servo command 502 on
top of the main servo command 501 as an instruction to decrease/increase the corresponding
supply(ics) of the air and/or fuel for time t, to time ty. At time ty, the pulse servo command
502 ceases and the main servo command 501 continues to be issued and steadily
decreased/increased by the control unit 50. The period from time t, to time t, 15 set to be
sufficiently long relative to transport delays in the vessel 30 such that CO produced by the
combustion therein can be sensed by the sensor 40 whereby the sensor 40 is able to determine
whether the critical air and fuel ratio at which the quantity of exhaust CO starts to rise sharply
has been or is soon to be reached without the apparatus 10 spending a significant amount of
time in that air and fuel ratio range. If the sensor 40 determines that the critical air and fuel
ratio has not been and will not soon be reached, the process continues with the control unit 50
again issuing the pulse servo command 502 on top of the main servo command from time t,
to time t,. At time t,, the pulse servo command 502 ceases and the main servo command 501
continues to be issued and steadily increased by the control unit 50 until the sensor 40
determines that the critical air and fuel ratio has been or will soon be increased. Once that
occurs, the pulse servo command 502 is no longer issued and the main servo command 501 is
no longer increased at a significant rate by the control unit 50.

[0018] With the control unit 50 coupled to the first and second supply units 20, 21

and the sensor 40, the control unit 50 is able to vary both the main servo command 501 and
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the pulse servo command 502 over time in accordance with at least the sensed quantity of the
exhaust CO (and possibly other sensed properties, such as O2). That is, while the main servo
command 501 can be steadily increased over time as described above, the pulse servo
command 502 may be constant relative to the main servo command over time or decreased
relative to the main servo command 501 over time. That is, a magnitude of 502a may be
substantially similar to or different from a magnitude of 502b. For the latter case where 502a
and 502b are different, the probing of the critical air and fuel ratio by the issuance of the
pulse servo command 502 can therefore be achieved to an increasingly limited degree with an
associated increased limitation of CO emissions. The degree to which the pulse servo
command 502 is decreased relative to the main servo command 501 over time can be based
on sensor 40 readings and/or historical CO emissions data for the apparatus 10.

[0019] As mentioned above, the control unit 50 is able to cease issuance of the pulse
servo command 502 in accordance with the sensed quantity of the exhaust CO. Still further,
the control unit 50 may cease issuance of the pulse servo command 502 when the sensed
quantity of the exhaust CO indicates that the main servo command 501 has been reached, will
soon be reached or substantially approximates the critical air and fuel ratio (or an acceptable
range thereof). The pulse servo command 502 may later resume as soon as the sensed
quantity of the exhaust CO indicates a sufficiently large margin from the critical region.

[0020] With reference to FIG. 3, the control unit 50 includes an input unit 51, a
calculation unit 52 and an output unit 53. The input unit 51 serves to allow an input of
conditions (i.c., sampling time, triggering period, pulse duration) for triggering issuance of
the pulse servo command 502 as well as an input of a form and type (i.e., pulse height) of the
pulse servo command 502. The calculation unit 52 determines whether the input conditions
arc currently met. The output unit 53 converts an affirmative result of the determination of
the calculation unit 52 into a trigger to issue the servo pulse command 502.

[0021] While the invention has been described in detail in connection with only a
limited number of embodiments, it should be readily understood that the invention is not
limited to such disclosed embodiments. Rather, the invention can be modified to incorporate
any number of variations, alterations, substitutions or equivalent arrangements not heretofore
described, but which are commensurate with the spirit and scope of the invention.
Additionally, while various embodiments of the invention have been described, it is to be
understood that aspects of the invention may include only some of the described
embodiments. Accordingly, the invention is not to be seen as limited by the foregoing

description, but is only limited by the scope of the appended claims.
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CLAIMS:

1. A system for boiler control, comprising:

supply units to provide supplics of combustion materials for combustion thereof;

a vessel coupled to the supply units in which the combustion materials are combusted;

a carbon monoxide (CO) sensor disposed at an outlet of the vessel to sense a quantity
of exhaust CO output from the vessel as a product of combustion therein; and

a control unit coupled to the supply units and the sensor, the control unit being
configured to issuc a main servo command and a pulse servo command to one or more of the
supply units to control operations thercof in accordance with the sensed quantity of the
exhaust CO.

2. The system according to claim 1, wherein the supply units comprise:

a first supply unit to provide a supply of air for combustion thercof; and

a second supply unit to provide a supply of fuel for combustion thereof.

3. The system according to claim 1, wherein the vessel comprises:

a mixing section in which the combustion materials are mixed; and

a combustion section downstream from the mixing section in which combustion of the
combustion materials occurs.

4. The system according to claim 1, wherein the main servo command
comprises:

a first command for providing a baseline amount of air for combustion thercof for a
baseline amount of time; and

a second command for providing a baseline amount of fuel for combustion thereof for
a baseline amount of time.

5. The system according to claim 4, wherein the respective baseline amounts of
air, fuel and time are associated with boiler baseline performance.

6. The system according to claim 4, wherein the pulse servo command comprises
an additional command to decrease the amount of air provided for combustion thercof
beyond the baseline amount for a short time that is shorter than the baseline amount of time.

7. The system according to claim 4, wherein the pulse servo command comprises
an additional command to increase the amount of fuel provided for combustion thercof
beyond the baseline amount for a short time that is shorter than the baseline amount of time.

8. The system according to claim 1, wherein the main servo command is variable

over time.
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9. The system according to claim 1, wherein the main servo command is variable
over time.
10. The system according to claim 1, wherein the pulse servo command is variable

over time and issued periodically.

11.  The system according to claim 1, wherein the pulse servo command is issued
for approximately 5 seconds every 30 seconds.

12. The system according to claim 1, wherein the control unit varies the main
servo command over time and ceases issuance of the pulse servo command in accordance
with the sensed quantity of the exhaust CO.

13. The system according to claim 1, wherein the control unit ceases issuance of
the pulse servo command when the sensed quantity of the exhaust CO indicates that the main
servo command substantially approximates a critical air and fuel ratio.

14.  The system according to claim 1, wherein the control unit comprises:

an input unit by which conditions for triggering issuance of the pulse servo command
are input;

a calculation unit by which it is determined whether the input conditions are currently
met; and

an output unit by which an affirmative result of the determination of the calculation
unit is converted into a trigger to issue the servo pulse command.

15. The system according to claim 14, wherein sampling time, triggering period,
pulse duration and pulse height of the pulse servo command are input by way of the input
unit.

16. A system for boiler control, comprising:

supply units to provide supplies of combustion materials for combustion thereof;,

a vessel coupled to the supply units in which the combustion materials are combusted;

a carbon monoxide (CO) sensor disposed at an outlet of the vessel to sense a quantity
of exhaust CO output from the vessel as a product of combustion therein; and

a control unit coupled to the supply units and the sensor, the control unit being
configured to issue to one or more of the supply units in accordance with the sensed quantity
of the exhaust CO:

a main servo command for providing baseline amounts of the combustion materials

for combustion thereof for baseline amounts of time, and
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a pulse servo command to increase the amount of the combustion materials provided
for combustion thereof beyond the baseline amounts for short times that are shorter than the
baseline amounts of time.

17.  The system according to claim 16, wherein the main servo command is
variable over time and the pulse servo command is variable over time and issued periodically.

18.  The system according to claim 16, wherein the control unit ceases issuance of
the pulse servo command in accordance with the sensed quantity of the exhaust CO.

19. The boiler apparatus according to claim 16, wherein the control unit
Compriscs:

an input unit by which conditions for triggering issuance of the pulse servo command
are input;

a calculation unit by which it is determined whether the input conditions are currently
met; and

an output unit by which an affirmative result of the determination of the calculation
unit triggers issuance of the servo pulse command.

20. A method of boiler control, the method comprising:

issuing a main servo command to one or more supply units coupled to a vessel for
providing baseline amounts of the combustion materials to the vessel for combustion thercof
within the vessel for baseline amounts of time;

issuing a pulse servo command to the one or more supply units to increase the amount
of the combustion materials provided for combustion thereof beyond the baseline amounts for
short times that are shorter than the baseline amounts of time;

sensing a quantity of carbon monoxide (CO) produced by combustion within the
vessel; and

controlling the issuing of the main and pulse servo commands in accordance with at

least the sensed quantity of the CO.
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