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(54) BURNER

(57)  The purpose of the present invention is to pro-
vide a proportionally controlled burner that omits as many
mechanical components as possible, reducing power
consumption, and minimizes the amount of heat lost via
aflue. Tothat end, in the present invention, a high-speed
solenoid valve (11) is provided in a fuel-supply system
(Lf) ; said high-speed solenoid valve (11) has the ability
to open when an inputted pulse signal is on and close
when said pulse signal is off; an oxygen-concentration

sensor (80) that is located on the combustion-exhaust
side and measures the oxygen concentration of a flue
gasis provided, as is a control device (60) to which meas-
urement results from said oxygen-concentration sensor
(80) are sent; and said control device (60) has the ability
to change the frequency of an inverter (50) and regulate
the amount of combustion air such that the flue-gas ox-
ygen concentration detected by the oxygen-concentra-
tion sensor (80) approaches zero.
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Description
TECHNICAL FIELD

[0001] The present invention relates to a combustion
burner, more particularly, the present invention relates
to a proportional control type burner.

BACKGROUND ART

[0002] A proportional control type burner according to
a prior art will be described hereinafter with reference to
FIG. 6.

[0003] In FIG. 6, a burner entirely indicated by refer-
ence character 100J includes mechanical component
parts such as a blast fan 10J, a fuel injection nozzle 12
provided at a tip portion of the blast fan 10J, a fuel pump
20J, afuel supply system Lf, an air damper 13, a damper
motor 35, an air control disk 36, links 37 and 38, and
others. Also, the fuel supply system Lf includes fuel con-
trolvalves 211023, an air bleeding valve 24, an oil strainer
28, and a fuel tank 40.

[0004] Incombustionofthe burner 100J, itis necessary
to adjust not only a fuel injection amount from the fuel
injection nozzle 12 butalso an air supply amount provided
by the blast fan 10J.

[0005] In adjustment of the fuel injection amount, as-
suming that a fuel supply amount supplied to the fuel
injection nozzle 12 through a supply line Lf12 is indicated
by a character QAj and a fuel return amountwhich returns
from the fuel injection nozzle 12 to the fuel pump 20J
through a fuel return line Lf13 is indicated by a character
QBj, a fuel QC injected by the fuel injection nozzle 12 is
represented by the following expression QC=QAj-QB;j.
[0006] In the prior art burner J shown in FIG. 6, the fuel
supply amount QAj is a fixed amount. Thus, adjusting
the return amount QBj with the use of a flow regulation
valve 23 (controlling QBj) enables adjusting (controlling)
an injection amount QC.

[0007] Further, in the prior art burner 100J, since the
number of revolutions of the blast fan 10J is fixed, an
amount of air which flows to the fuel injection nozzle 12
side is controlled by throttling the air damper 13.

[0008] An axis of ordinate in FIG. 7 shows a fuel
amount and an air amount. Furthermore, as regards the
burner 100J, FIG. 7 shows characteristics or relation-
ships between the fuel supply amount QAj, the fuel return
amount QBj, the fuel injection amount QC from the nozzle
12, a circulation amount QR (a pump fuel return amount)
of a fuel oil which returns from the fuel pump 20J to the
fuel tank 40, and an air supply amount Qa supplied by
the blast fan 10J.

[0009] InFIG. 7, reference character T-Qa indicates a
change in air supply amount, reference character T-QA|
indicates a characteristic of the fuel supply amount QAj
(the fuel supply amount QA is fixed and invariable), ref-
erence character T-QBj indicates a characteristic of the
fuel return amount QBj, reference character T-QC des-
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ignates a characteristic of the fuel injection amount, and
reference signal T-QR indicates a characteristic of the
pump fuel return amount QR.

[0010] InFig.7,the burner 100J is in a maximum com-
bustion state which state is shown in a left region of a
line LH extending in a vertical direction. In a right region
of the line LH, combustion adjustment is performed, the
fuel QCjinjected by the fuelinjection nozzle 12 decreases
with shifting toward the right side, and the fuel return
amount QBj increases with shifting toward the right side.
[0011] In order too perform excellent combustion with
the use of the burner 100J, a ratio of the air supply amount
and the fuel supply amount is fixed. Thus, in FIG. 7, the
air supply amount characteristic T-Qaj and the fuel injec-
tion amount characteristic T-QCj extend parallel.

[0012] To realize these characteristics, in the propor-
tional control type burner according to the prior art, the
airdamper 13 in the blast fan 10J is adjusted (controlled)
in synchronization with controlling the flow adjustment
valve 23 in the fuel return line Lf13 in FIG. 6, thereby
adjusting (controlling) an air volume of the blast fan 10J.
[0013] In the burner 100J according to the prior art
shown in FIG. 6, the control of the flow adjustment valve
23 and the adjustment (control) of the air damper 13 de-
scribed above are achieved by a damper motor 35, an
air control disk 36, links 37 and 38, and others.

[0014] However, in order to carry out the above-men-
tioned adjustment (control) by the damper motor 35, the
air control disk 36, the links 37 and 38 and others, it is
necessary to be provided with mechanical components
having complicated constructions.

[0015] Moreover, in the burner 100J according to the
prior art which includes the mechanical components hav-
ing complicated constructions, the constructions are
complicated, and highly accurate control is difficult.
[0016] Additionally, initial investment as well as main-
tenance requires a large amount of labor.

[0017] In addition, the burner 100J according to the
prior art shown in FIG. 6 also has a problem that power
consumption is large and running costs are expensive.
[0018] Here, various kinds of burners that perform pro-
portional control have been conventionally proposed
(see, e.g., Patent Literature 1).

[0019] However, acombustion apparatus according to
the above-mentioned prior art (Patent Literature 1) is in-
tended to effectively use a combustion unit having poorer
user-friendliness in the combustion apparatus which in-
cludes two combustion units and has a restricted total
combustion amount, and the above-mentioned prior art
(Patent Literature 1) can not solve the above-described
problem.

[0020] Further, in the combustion apparatus according
to the above-mentioned prior art (Patent Literature 1), a
large amount of oxygen is contained in a combustion gas
for the purpose of preventing incomplete combustion, an
exhaust amount discharged through a flue increases,
and also, there is a problem that a large quantity of heat
contained in exhaust air in the above-mentioned prior art
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(Patent Literature 1).
CITATION LIST
PATENT LITERATURE

[0021] PatentLiterature 1: Japanese Unexamined Pat-
ent Application  Publication No. 2006-64301
(JPA2006-64301)

DISCLOSURE OF INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION

[0022] In view of the above-mentioned problems in the
prior art, the present invention has been proposed, and
then, an object of the present invention is to provide a
burner which can suppress power consumption, can de-
crease numbers of mechanical components in a propor-
tional control type burner as much as possible and also
can reduce a quantity of heat wasted through a flue as
much as possible.

MEANS FOR SOLVING PROBLEMS

[0023] A burner (100) according to the present inven-
tion is characterized in that the burner comprises a fuel
supply system (Lf) and an air supply system (La),

the fuel supply system (Lf) includes a fuel supply pump
(20) being disposed therein, a high-speed solenoid valve
(11) is provided in a region (Lf2) on an injection side of
the fuel supply pump (20) in the fuel supply system (Lf),
the high-speed solenoid valve (11) has a function to open
when a pulse signal input thereto is ON and a function
to close when the signal is OFF, and an inverter (50) is
disposed to a power supply circuit of a drive motor (30)
which drives the fuel supply pump (20), and that

the air supply system (La) has a blast fan (10) for air
supply, and the inverter (50) is disposed to the power
supply circuit of the drive motor (30) which drives the
blast fan (10) for air supply.

[0024] In the present invention, it is preferable to be
provided with a nozzle (12) on a discharge side of the
high-speed solenoid valve (11) which is provided in the
fuel supply system (Lf).

[0025] Further, inthe presentinvention, it is preferable
to be provided with an oxygen concentration sensor (80)
which is provided in an exhaust pipe (E) and measures
oxygen concentration in a combustion gas, and to be
provided with a control apparatus (60) to which a meas-
urement result of the oxygen concentration sensor (80)
is supplied,

said control apparatus has a function for changing a fre-
quency of the inverter (50) in order to adjusta combustion
air amount so that the oxygen concentration in the com-
bustion gas being detected by the oxygen concentration
sensor (80) becomes approximately zero.

[0026] In a method for operating a burner according to
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the present invention, in an operation of a burner having
said oxygen concentration sensor (80) and the control
apparatus (60), characterized in that the method com-
prises

astep (S1) formeasuring oxygen concentration in a com-
bustion gas by the oxygen concentration sensor (80) ar-
ranged on a combustion exhaust side of an exhaust pipe
(E); and

a step (S3, S4) for changing a frequency of an inverter
(50) and adjusting a combustion air amount so that the
oxygen concentration in the combustion gas being de-
tected by the oxygen concentration sensor (80) becomes
approximately zero.

[0027] Inthe presentinvention, itis preferable that the
fuel supply pump (20) and the blast fan (10) are driven
by the single drive motor (30), and that the inverter (50)
is disposed on a power supply circuit (Le) of the above-
mentioned single drive motor (30).

[0028] However, itis possible that the fuel supply pump
and the blast fan may be driven by different drive motors
immediately, and that the inverters may be disposed on
respective drive power supply circuits of the above-men-
tioned different drive motors immediately.

EFFECT OF THE INVENTION

[0029] According to the present invention having the
above-described constructions, since a pulse width is
controlled by the high-speed solenoid valve (11) to con-
trol a fuel injection amount, a control accuracy of the fuel
injection amount can be improved, as compared with a
proportional control type burner (e.g., FIG. 6) in the prior
art which determines a fuel injection amount based on a
difference between a supply fuel amount and a return
fuel amount.

[0030] Furthermore, according to the present inven-
tion, due to control the number of revolutions of the drive
motor (30) by means of the inverter (50), it is possible to
change the number of revolutions of the supply fuel pump
(20) which supplies the fuel to the high-speed solenoid
valve (11) side (the injection side) and a rotation amount
of the blast fan (10) which supplies air to the high-speed
solenoid valve (11) side (the injection side) to appropriate
numerical values. Consequently, wasteful power con-
sumption can be suppressed.

[0031] In the present invention, even if the number of
revolutions of the fuel supply pump (20) is not fixed, due
to control a pulse width of a signal input to the high-speed
solenoid valve (11) to highly accurately control, a fuel
injection amount can be appropriately controlled. In other
words, according to the present invention, even if a flow
rate of the fuel which returns from the nozzle to the fuel
supply source side is not controlled as different from the
prior art, the fuel injection amount can be appropriately
controlled.

[0032] Consequently, according to the present inven-
tion, it is not necessary to be provided fuel piping which
communicates the nozzle (12) with the fuel supply source
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(40) side. Thatis, inthe presentinvention, a system which
supplies the fuel is merely provided between the fuel sup-
ply pump (20) and the high-speed solenoid valve (11), it
is not necessary to provided a circuit which supplies the
fuel from the high-speed solenoid valve (11) to the fuel
supply pump (20) side. Moreover, in the present inven-
tion, itis possible to be provided merely circuits (Lf1, LF3)
which communicate with the pump (20) and the fuel sup-
ply source (40), as the circuits which return the fuel to
the fuel supply source (40) side.

[0033] Thus, as compared with the prior art including
acircuit which supplies the fuel to the nozzle and an other
circuit returning the fuel to the fuel supply source side
which fuel is not injected from the nozzle, the number of
pipes in the fuel supply system can be decreased and
labor required for maintenance can be reduced according
to the present invention.

[0034] Additionally, in the present invention, since the
number of revolutions of the drive motor (30) is controlled
by the inverter (50) and then the number of revolutions
of the fuel supply pump (20) which supplies the fuel to
the high-speed solenoid valve (11) side (the injection
side) can be controlled, it is not necessary to have to fix
the fuel supply amount (an oil supply amount) supplied
to the injection side, as different from the a proportional
control type burner (100J) in the prior art. The fuel supply
amount can be appropriately changed in accordance with
an operation state.

[0035] Consequently, a flow rate of the fuel which re-
turns to the fuel supply source (40) side can be reduced,
and therefore, electric power required for fuel circulation
can be cut back.

[0036] According to experiments carried out by the
present inventor, as compared with the prior art burner
(100J), a return flow rate of the fuel was reduced by ap-
proximately 70%, and approximately 60% of power con-
sumption was successfully saved in the burner (100) en-
tirely.

[0037] According to the present invention, the air sup-
ply amount required for combustion of the burner (100)
can be controlled to an appropriate number of revolutions
by means of the inverter (50) disposed to the power sup-
ply circuit (Le) of the drive motor (30) which drives the
blast fan (10) for air supply.

[0038] Consequently, according to the present inven-
tion, air can be supplied a flow rate of which air is pref-
erable for combustion conditions of the burner (100), and
the combustion efficiency of the burner (100) can be im-
proved.

[0039] Furthermore, unnecessary consumption of the
fuel can be suppressed, and power consumption can be
suppressed.

[0040] Moreover, according to the present invention,
since a pulse width is controlled by the high-speed sole-
noid valve (11) to control a fuel injection amount and the
number of revolutions of the drive motor (30) is controlled
by the inverter (50), mechanical elements which are re-
quired in the prior art proportional control burner (100J),
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e.g., an air damper (13), links (37, 38), an air control disk
(36), and others are no longer necessary. Thus, the con-
structions of the burner can be simplified, and costs and
labor of production and maintenance can be decreased.
[0041] In the present invention, it is preferable for the
nozzle (12) to be provided on the discharge side of the
high-speed solenoid valve (11).

[0042] According to experiments having been carried
out by the present inventor, it is confirmed that combus-
tibility is improved in a case that the nozzle (12) is pro-
vided on the discharge side of the high-speed solenoid
valve (11).

[0043] In the present invention, in a case that burner
comprises the oxygen concentration sensor (80) which
is provided on the combustion exhaust side and meas-
ures oxygen concentration in a combustion gas and the
control apparatus (60) to which a measurement result of
the oxygen concentration sensor (80), and the control
device (60) is constructed so as to have functions for
changing afrequency of the inverter (50) and for adjusting
the number of revolutions of the blast fan so that the
oxygen concentration in the combustion gas being de-
tected by the oxygen concentration sensor (80) becomes
approximately zero,

an amount of air supplied in a situation of combustion
can be reduced by changing a frequency of the inverter
(50) and adjusting the combustion air amount so that the
oxygen concentration in the combustion gas becomes
approximately zero, thereby it is possible to minimize an
amount of combustion gas. Also, energy can be saved
corresponding to a quantity of heat contained in the ex-
haust gas.

[0044] Further, since the amount of combustion gas is
minimized, an exhaust amount is reduced, and a quantity
of heat being discharged through the flue is also de-
creased. Consequently, the fuel is effectively used, and
thermal efficiency of the burner or a facility (e.g., a boiler)
which uses the burner can be improved. Furthermore, a
thermal influence which affects to a surrounding environ-
ment can be reduced.

BRIEF DESCRIPTION OF DRAWINGS
[0045]

FIG. 1is ablock diagram showing a first embodiment
according to the present invention;

FIG. 2 is a characteristic diagram showing input sig-
nals to a high-speed solenoid valve used in the first
embodiment;

FIG. 3 is a characteristic diagram showing a blast
volume, a fuel supply amount to a pump, and a fuel
injection amount in the first embodiment;

FIG. 4 is a block diagram showing a second embod-
iment according to the present invention;

FIG. 5 is a flowchart for explaining a control method
according to a second embodiment;

FIG. 6 is a block diagram of a conventional propor-



7 EP 2 985 530 A1 8

tional control type burner; and

FIG. 7 is a characteristic diagram showing a blast
volume, a fuel supply amount to a pump, and a fuel
injection amount in the conventional proportional
control type.

BEST MODE(S) FOR CARRYING OUT THE INVEN-
TION

[0046] Anembodimentaccording to the presentinven-
tion will be described hereinafter with reference to the
accompanying drawings.

[0047] First, aburner 100 according to the first embod-
iment will be described with reference to FIG. 1.

[0048] InFIG. 1, the burner 100 includes a fuel supply
system Lf, an air supply system La, a motor 30 including
two output shafts, an inverter 50, and a control unit 60
as controlling means.

[0049] The fuel supply system Lf has a high-speed so-
lenoid valve 11, a fuel injection nozzle 12, a fuel pump
20, a fuel tank 40 as a fuel supply source, a fuel intake
line Lf1 having an oil strainer 28 disposed thereto, a fuel
supply line Lf2, and a fuel return line Lf3. Here, a solenoid
valve 25 is disposed to the fuel supply line Lf2. Further,
surplus fuel in the fuel pump 20 returns to the fuel tank
40 through the fuel return line Lf3.

[0050] The fuel intake line Lf1 having the oil strainer
28 disposed thereto connects the fuel tank 40 with an
intake side 20i of the fuel pump 20. The fuel supply line
Lf2 having the solenoid valve 25 disposed thereto con-
nects a discharge side 200 of the fuel pump 20 with the
high-speed solenoid valve 11.

[0051] The oil pump 20 is driven by an output shaft 31
of the motor 30.

[0052] The air supply system La has a blast fan 10,
and the blast fan 10 is driven by said motor 30. Further-
more, the blast fan 10 is coupled with an output shaft 32
of said motor 30. The high-speed solenoid valve 11 and
the fuel injection nozzle 12 are provided near a tip of the
blast fan 10.

[0053] Here, said motor 30 includes the two output
shafts, the oil pump 20 is connected to one output shaft
31, and the blast fan 10 is connected to the other output
shaft 32. Two electric motors can be prepared in place
of the motor having the two output shafts (31 and 32) as
shown in the drawing so that one motor drives the oll
pump 20 and the other motor drives the blast fan 10.
[0054] In the fuel supply line Lf2 (a region between the
pump 20 and the fuel injection nozzle 12), the solenoid
valve 25 arranged in series with the high-speed solenoid
valve 11 is provided to prevent the fuel from leaking from
the nozzle 12 after putting out the burner 100.

[0055] Inotherwords, the solenoid valve 25 is a device
provided as part of safety regulations.

[0056] The motor 30 is connected with an alternating-
current power supply 70 through a power supply circuit
Le having the inverter 50 disposed thereto.

[0057] The control unit 60 being controlling means is
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connected with the inverter 50 via a control signal line
So1. Furthermore, the control unit 60 is connected to the
high-speed solenoid valve 11 through a control signal
line So2.

[0058] The control unit 60 outputs a control signal to
the inverter 50 through the control signal line So1 and
outputs a control signal to the high-speed solenoid valve
11 through the control signal line So2.

[0059] Theinverter50whichreceivesthe controlsignal
from the control unit 60 adjusts a current and/or a voltage
flowing through the power supply circuit Le to control a
rotational speed of the motor 30. Moreover, controlling
the number of revolutions of the motor 30 realizes control
over a blast volume (an air supply amount) of the blast
fan 10 and a fuel supply amount discharged from the fuel
pump 20.

[0060] FIG. 2 exemplifies signal waveforms of pulse
signals which are control signals output from the control
unit 60 to the high-speed solenoid valve 11. FIG. 2 shows
waveforms of two patterns.

[0061] InFIG. 2, an upper pattern and a lower pattern
have the same cycle. The upper pattern shows a pulse
signal when an opening time (an ON time) of the high-
speed solenoid valve 11 is long and a fuel injection
amount is relatively large. On the other hand, the lower
pattern shows a pulse signal when the opening time of
the high-speed solenoid valve 11 is short and the fuel
injection amount is relative small.

[0062] In the first embodiment, adjusting the opening
time (a pulse width: the ON time) of the high-speed so-
lenoid valve enables highly accurately controlling the fuel
injection amount.

[0063] Inthe burner 100, when an amount of fuel to be
combusted (the fuel injection amount) is determined, an
air amount required for combustion is necessarily deter-
mined.

[0064] In the first embodiment, after confirmation
through, e.g. , an experiment, control parameters for a
supply current and/or a supply voltage from the inverter
50, a control pattern of the high-speed solenoid valve 11
(the ON time or the opening time in the pulse waveforms
in FIG. 2), a ratio of the fuel injection amount and the
supply air amount, and others are determined.

[0065] InFIG. 2, although one control cycle (one peri-
od) is set to, e.g., 10 msec, the period is not restricted
thereto.

[0066] It is to be noted that, if one control cycle (one
period) is shorter, control can be executed with a higher
accuracy.

[0067] FIG. 3 shows characteristics of a fuel supply
amount QA, a fuel supply amount QC supplied to the
nozzle 12, an amount of fuel QR flowing through the fuel
return line Lf3 (a pump fuel return amount), and an air
supply amount Qa supplied by the blast fan 10.

[0068] Like FIG.7, an axis of ordinate represents a fuel
amount and an air amountin FIG. 3. In FIG. 3, reference
character T-Qa indicates a characteristic of the air supply
amount Qa, reference character T-QA indicates a char-
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acteristic of the fuel supply amount QA supplied to the
pump 20, reference character T-QC indicates a charac-
teristic of the fuel injection amount QC, and reference
character T-QR indicates a characteristic of the pump
fuel return amount QR flowing through the fuel return line
Lf3. Here, the fuel injection amount QC is a value ob-
tained by subtracting the pump fuel return amount QR
from the fuel supply amount QA supplied to the pump 20.
[0069] InFIG. 3, like FIG. 7, the burner performs max-
imum combustion in a region on the left side of a line LH
extending in a vertical direction, and the combustion of
the burner is adjusted and the fuel injection amount QC
is reduced in a region on the right side of the line LH.
Additionally, in FIG. 3, the air supply amount character-
istic T-Qa and the fuel injection amount characteristic T-
QC extend in parallel, and a ratio of the air amount and
the fuel injection amount is fixed.

[0070] As described above, in the prior art shown in
FIG. 7, a pump 20J always performs work corresponding
to a fuel supply amount QAj, a fuel return amount QBj, a
fuel injection amount QC from a nozzle 12, and a pump
fuel return amount QR.

[0071] On the other hand, in the first embodiment, the
pump 20 does not have to perform work corresponding
to the fuel return amount QBjin FIG. 7. Thus, power con-
sumption of the pump 20 can be saved to that extent.
[0072] Further, as obvious from comparison between
FIG. 3 and FIG. 7, in the first embodiment, the pump fuel
return amount QR is far smaller than the pump fuel return
amount QRj in the prior art, and hence the fuel supply
amount QA is likewise smaller than a fuel supply amount
in the prior art. Furthermore, the air supply amount Qa
in the first embodiment is the same as the air supply
amount Qaj shown in FIG. 7, but power consumption is
far smaller.

[0073] Therefore, according to the first embodiment,
the power consumption of the pump 20 and the power
consumption of the motor 30 can be saved.

[0074] In other words, in the first embodiment, the
number of revolutions of the pump 20 can be controlled
by theinverter 50, the fuel supply amount can be adjusted
in accordance with a combustion state of the burner 100,
the fuel injection amount can be highly accurately con-
trolled by the high-speed solenoid valve 11, and hence
the power consumption in the burner operation can be
reduced.

[0075] According to experiments carried out by the
present inventor, in the entire system, as compared with
the conventional burner 100J shown in FIG. 6 and FIG.
7, a return flow rate of the fuel is reduced by approxi-
mately 70% in the burner according to the embodiment
shown in the drawings, and the power consumption of
the entire burner 100 can be saved by approximately
60%.

[0076] Moreover, according to the first embodiment,
since a pulse width is controlled by the high-speed sole-
noid valve 11 to control the fuel injection amount, the
control accuracy of the fuel injection amount can be im-

10

15

20

25

30

35

40

45

50

55

proved, as compared with a burner being similar to the
prior art burner (e.g. , FIG. 6) which determines the fuel
injection amount based on a difference between the sup-
ply fuel amount and the return fuel amount.

[0077] Additionally, according to the first embodiment,
controlling the number of revolutions of the motor 30 by
the inverter 50 enables changing the number of revolu-
tions of the fuel supply pump 20 and a rotation amount
of the blast fan 10 which supplies air to the high-speed
solenoid valve 11 side (the injection side) to appropriate
numerical values. Consequently, wasteful power con-
sumption can be suppressed.

[0078] In the first embodiment, even if the number of
revolutions of the fuel supply pump 20 is not fixed, due
to control the fuel injection amount in highly accurately
by controlling a pulse width of a signal which is input to
the high-speed solenoid valve 11, the fuel injection
amount from the nozzle 12 can be appropriately control-
led without controlling a flow rate of the fuel which returns
from the nozzle 12 to the fuel supply source side.
[0079] In the first embodiment, a difference between
the fuel flow rate supplied to the pump 20 and the injection
amount actually injected from the nozzle 12 is returned
to the fuel tank 40 through the line Lf3 as a return amount
from the pump 20.

[0080] According to the first embodiment, a fuel piping
which connects the nozzle 12 to the fuel tank 40 side is
no longer necessary. In other words, in the embodiment
shown in the drawings, circuits in which the fuel flows in
a direction to the fuel tank 40 side may be merely the
circuits Lf1 and LF3 which communicates the oil pump
20 to the fuel tank 40.

[0081] Thus, the number of pipes in the fuel supply
system can be decreased and labor required for mainte-
nance can be reduced, as compared with the prior art
having a circuit Lf12 through which the fuel is supplied
to the nozzle 12 (see FIG. 6) and a circuit Lf13 through
which the fuel having not been injected from the nozzle
12 returns to the fuel supply source side.

[0082] Additionally, in the first embodiment, since con-
trolling the number of revolutions of the motor 30 by the
inverter 50 enables controlling the number of revolutions
of the fuel supply pump 20 which supplies the fuel to the
high-speed solenoid valve 11 side (the injection side), as
different from the conventional proportional control type
burner 100J, the fuel supply amount (an oil supply
amount) supplied to the injection side does not have to
be fixed. That is, the fuel supply amount can be appro-
priately changed in accordance with a state during the
operation.

[0083] Consequently, a flow rate of the fuel which re-
turns to the fuel tank 40 side through the fuel return line
Lf3 can be reduced, and electric power required for fuel
circulation can be cut back.

[0084] Further, according to the first embodiment, the
air supply amount required for combustion of the burner
100 can be controlled to an appropriate number of rev-
olutions by the inverter 50 disposed to the power supply
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circuits Le of the motor 30 which drives the blast fan 10
for air supply.

[0085] Consequently, like the prior art shown in FIG. 6
and FIG. 7, air whose flow rate suitable for combustion
conditions of the burner 100 can be supplied to improve
the combustion efficiency of the burner 100 without need
of constantly maximizing the number of revolutions of the
blast fan 10 and narrowing a blast volume by the air
damper 13. In addition, it is possible to suppress unnec-
essary consumption of the fuel or suppress power con-
sumption.

[0086] Accordingtothefirstembodiment, sincea pulse
width is controlled by the high-speed solenoid valve 11
to control the fuel injection amount and the number of
revolutions of the motor 30 is controlled by the inverter
50, mechanical elements required in the conventional
proportional control burner 100J, e.g., the air damper 13,
the links 37 and 38, the air control disk 36, and others
are no longer necessary. Thus, the constructions can be
simplified, and costs and labors in production and main-
tenance can be decreased.

[0087] In the first embodiment, the nozzle 12 is provid-
ed on the discharge side of the high-speed solenoid valve
11.

[0088] According to experiments carried out by the in-
ventor, it has been confirmed that providing the nozzle
12 on the discharge side of the high-speed solenoid valve
11 can improve combustibility as compared with a case
where the nozzle 12 is not provided.

[0089] A second embodimentaccording to the present
invention willnow be described hereinafter with reference
to FIG. 4 and subsequent drawings.

[0090] Inthe second embodiment, an oxygen concen-
tration sensor (which will be referred to as an "O, sensor"
hereinafter) 80 which measures oxygen concentration in
a combustion gas is provided on a combustion exhaust
side in an exhaust pipe E in addition to the constructions
with reference to FIG. 1 to FIG. 3. Further, a control unit
60 has a function for changing a frequency of an inverter
50 based on a measurement result of the O, sensor 80
so that the oxygen concentration in the combustion gas
being detected by the O, sensor 80 becomes approxi-
mately zero, and a function for adjusting the number of
revolutions of a blastfan 10, thereby adjusting (changing)
a combustion air amount.

[0091] The second embodiment according to the
present invention will now be described hereinafter with
reference to FIG. 4 and FIG. 5.

[0092] In the description of FIG. 4 and FIG. 5, struc-
tures, functions, and effects different from those of the
first embodiment in FIG. 1 to FIG. 3 will be explained.
[0093] InFIG.4,aburner 100A accordingtothe second
embodiment has the O, sensor 80 arranged on a com-
bustion exhaust side (a left side in FIG. 4) in the exhaust
pipe E.

[0094] The O, sensor 80 is connected to the control
unit 60 as controlling means through an input signal line
Li.
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[0095] Like the first embodiment, the control unit 60 is
connected with the inverter 50 through a control signal
line line So1 and connected with a high-speed solenoid
valve 11 through a control signal line So2.

[0096] Control of the burner 100A according to the sec-
ond embodiment will now be described with reference to
a control flowchart in FIG. 5.

[0097] At a step S1 in FIG. 5, O, concentration in a
combustion gas in a region on a discharge side of a noz-
zle 12 is measured by the O, sensor 80.

[0098] At a step S2, the control unit 60 calculates an
air-fuel ratio A from the O, concentration measured by
the O, sensor 80 and determines whether the air-fuel
ratio X is 1.0 or more. In a case that the air-fuel ratio A is
less than 1.0 ("NO" at the step S2), an air amount is
determined to be small, and then, the control process
advances to a step S3.

[0099] On the other hand, in a case that the air-fuel
ratio A is 1.0 or more, ("YES" at the step S2), the air
amount is determined to be large, and the processing
advances to a step S4.

[0100] At the step S3 (when the air amount is small:
"NO" at the step S2), the control unit 60 outputs a control
signal to the inverter 50, the number of revolutions of an
electric motor 30 is increased by the inverter 50 to raise
an air supply amount of the blast fan 10.

[0101] Here, a fuel injection amount is uniquely deter-
mined from a calorific value required for a device (a heat-
ed value: e.g., a boiler: not shown) heated by the burner
100A. Thus, the fuel injection amount of the burner 100A
must be maintained constant unless the calorific value
required for the non-illustrated heated device changes.
[0102] Inthe embodiment shown in the drawings, con-
trolling an opening time of the high-speed solenoid valve
11 constant enables maintaining the fuel injection
amount of the burner 100A constant unless the calorific
value required for the heated device changes. Here,
when the number of revolutions of the electric motor 30
increases, the number of revolutions of a fuel supply
pump 20 increases, but surplus fuel is returned to a fuel
tank 40 along a line Lf3 via a relief valve (not shown)
installed in the fuel supply pump 20.

[0103] When the quantity of heat required for the heat-
ed device increases, a width of a pulse wave shown in
FIG. 2 is expanded to increase the opening timing of the
high-speed solenoid valve 11. On the other hand, when
the quantity of heat required for the heated device de-
creases, the width of the pulse wave shown in FIG. 2 is
narrowed to shorten the opening time of the high-speed
solenoid valve 11.

[0104] Atthe step S3, when the air supply amount from
the blast fan 10 is increased, the air-fuel ratio A approx-
imates 1.0. Furthermore, the processing advances to a
step S5.

[0105] At the step S4 (when the air amount is large:
"YES" at the step S2), a frequency of the inverter 50 is
decreased to reduce the air supply amount from the blast
fan 10. Consequently, the air-fuel ratio A can approximate
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1.0. Furthermore, the processing advances to a step S5.
[0106] At the step S5, whether the operation of the
burner 100A is to be finished is determined. In a case
that the operation of the burner 100A is to be finished
("YES" at the step S5), the control is terminated. On the
other hand, in a case that the operation of the burner
100A s to continue ("NO" at the step S5), the processing
returns to the step S1 to again repeat the step S1 and
subsequent steps. Consequently, the air-fuel ratio A ap-
proximates 1.0 every time a control cycle is repeated,
and the oxygen concentration in the combustion gas ap-
proximates zero.

[0107] According to the second embodiment, the air-
fuel ratio A approximates 1.0, and the frequency of the
inverter 50 is changed to adjust the combustion air
amount so that the oxygen concentration in the combus-
tion gas approximates zero, whereby the fuel to be in-
jected can approach a complete combustion state.
[0108] When the fuel to be injected is allowed to ap-
proach the complete combustion state and an amount of
the combustion gas is minimized, an exhaust amount is
reduced, and a quantity of heat emitted through a flue is
also decreased. Consequently, the fuel is effectively
used, and thermal efficiency in the burner 100A or a fa-
cility such as a boiler using the burner 100A improves.
Moreover, a thermal influence on a surrounding environ-
ment is reduced.

[0109] Structures, functions, and effects other than
those in the second embodiment in FIG. 4 and FIG. 5 are
the same as the first embodiment in FIG. 1 to FIG. 3.
[0110] Itis to be noted that the embodiments shown in
the drawings are just exemplifications and do not recog-
nized as descriptions which restricts a technical range of
the present invention.

REFERENCE CHARACTERS LIST
[0111]
10 ... blast fan

11 ... high-speed solenoid valve
12 ... fuel injection nozzle

20 ... oil pump

25 ... solenoid valve
30 ... motor

40 ... fuel tank

50 ... inverter

60 ... controlling means/control unit

70 ... alternating-current power supply

80 ... oxygen concentration sensor/O, sensor

Claims

1. Aburner comprising a fuel supply system and an air
supply system,
wherein the fuel supply system includes a fuel supply
pump disposed thereto, a high-speed solenoid valve
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is provided in a region on an injection side of the fuel
supply pump in the fuel supply system, the high-
speed solenoid valve has a function to open when a
pulse signal input thereto is ON and a function to
close when the signal is OFF, and an inverter is dis-
posed to a power supply circuit of a drive motor which
drives the fuel supply pump, and

the air supply system has a blast fan for air supply,
and the inverter is disposed to the power supply cir-
cuit of the drive motor which drives the blast fan for
air supply.

The burner according to claim 1,

wherein a nozzle is arranged on a discharge side of
the high-speed solenoid valve provided in the fuel
supply system.

The burner according to claim 1,

wherein the burner comprises an oxygen concentra-
tion sensor which is arranged on the discharge side
of the high-speed solenoid valve and measures ox-
ygen concentration of a combustion gas and a con-
trol apparatus to which a measurement result of the
oxygen concentration sensor is supplied, and

said control apparatus has a function for changing a
frequency of the inverter in order to adjust a com-
bustion air amount so that the oxygen concentration
in the combustion gas being detected by the oxygen
concentration sensor becomes approximately zero.

A method for operating a burner according to claim
3 which burner comprises the oxygen concentration
sensor and the control apparatus, the method com-
prising:

a step for measuring oxygen concentration in a
combustion gas by the oxygen concentration
sensor being provided on a combustion exhaust
side of an exhaust pipe; and

a step for changing a frequency of an inverter
and adjusting a combustion air amount so that
the oxygen concentration in the combustion gas
being detected by the oxygen concentration
sensor becomes approximately zero.
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