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(57) ABSTRACT 
Provided is a damper position adjusting device allowing 
adjustment of the position of a damper and capable of 
detecting any possible rotational abnormality in the damper. 
The damper position adjusting device is applied to a com 
bustion apparatus such as a boiler 1, and is provided for a 
damper 8 for adjusting the amount of air supplied to a burner 

(73) Assigneez Miura Co” Ltd_ 2 of the combustion apparatus. The damper position adjust 
ing device is equipped With a stepping motor 23 for rotating 
the damper 8 about a rotation axis 9 thereof, a detected plate 

(21) APPL NO: 11/384,408 33 provided so as to be capable of rotating integrally With 
the rotation axis 9 of the damper 8, a detector 34 for 
detecting a slit 35 formed in the detected plate 33, and a 

(22) Filed; Man 21, 2006 controller 49. The controller 49 controls the stepping motor 
23 such that the damper 8 stops at a speci?ed rotation stop 
position, and detects rotational abnormality in the damper 8 
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DAMPER POSITION ADJUSTING DEVICE AND 
COMBUSTION APPARATUS EQUIPPED WITH 

THE SAME 

BACKGROUND OF THE INVENTION 

[0001] 
[0002] The present invention relates to a damper position 
adjusting device for adjusting the amount of air supplied to 
the burner of a combustion apparatus, and to a combustion 
apparatus equipped With this damper position adjusting 
device. In particular, the present invention relates to a 
damper position adjusting device for adjusting the degree of 
opening of a damper provided in an air supply path of a 
boiler of the type in Which a gas or an oil is burned, for the 
purpose of adjusting the How rate of combustion air supplied 
to the burner of the boiler, and to a boiler equipped With this 
damper position adjusting device. 

[0003] 2. Description of the Related Art 

[0004] In an air supply path for supplying air to the burner 
of a boiler, there is provided a damper for adjusting an air 
supply amount. As disclosed in JP 08-303759 A, in a knoWn 
conventional damper, one of tWo positions, that is, a high 
combustion air volume position and a loW combustion air 
volume position, is selectively assumed. 

[0005] In the invention as disclosed in JP 08-303759 A 
mentioned above, the position at Which the damper is to be 
stopped is selected only betWeen tWo positions. HoWever, 
With such selective control alone, it is impossible to adjust 
a damper position based on changes in an outside air 
temperature, etc. Further, there are limitations regarding an 
improvement in terms of combustion state, fuel ef?ciency 
and the like. Even if the damper position is adjusted by using 
a stepping motor, there is a fear in that rotational abnormal 
ity may occur due to an excessive load. That is, it can happen 
that, although a rotation drive pulse has been output to the 
stepping motor, the stepping motor does not actually rotate 
and, by extension, the damper does not rotate, resulting in a 
rotation defect such as generation of black smoke. Thus, 
some measures must be taken to prevent such rotational 
abnormality. 

1. Field of the Invention 

[0006] Further, in the invention as disclosed in JP 
08-303759 A, in Which the damper stop position is just 
controlled in an either/or fashion, it is naturally impossible 
to adjust the damper position based on the exhaust gas 
temperature. Further, it is impossible to adjust the damper 
position based on changes in the amount of dust, the amount 
of nitrogen oxide, the amount of oxygen, or the amount of 
carbon monoxide in the exhaust gas, Which also means 
limitations regarding an improvement in terms of combus 
tion state and fuel ef?ciency. 

SUMMARY OF THE INVENTION 

[0007] It is an object of the present invention to realiZe a 
damper position adjusting device alloWing adjustment of the 
position of a damper and capable of detecting any possible 
rotational abnormality in the damper, and a combustion 
apparatus equipped With such a damper position adjusting 
device. 

[0008] It is a further object of the present invention to 
realiZe a damper position adjusting device capable of adjust 
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ing the position of a damper so as to maintain an optimum 
combustion state even if there is a change in the temperature 
of the exhaust gas or even if there is a change in the amount 
of dust, the amount of nitrogen oxide, the amount of oxygen, 
the amount of carbon monoxide, etc. in the exhaust gas, and 
a combustion apparatus equipped With such damper position 
adjusting device. 

[0009] The present invention is made in vieW of the above. 
In a ?rst aspect of the present invention, there is provided a 
damper position adjusting device provided in a damper for 
adjusting an amount of air supplied to a burner of a com 
bustion apparatus, including: a motor for rotating the 
damper about a rotation axis of the motor; a detected plate 
provided so as to be capable of rotating integrally With the 
rotation axis; a detector for detecting a slit formed in the 
detected plate; and a controller for controlling the motor so 
that the damper stops at a speci?ed rotation stop position and 
for detecting any rotational abnormality of the damper based 
on a control signal supplied to the motor and a detection 
signal from the detector. 

[0010] In the ?rst aspect of the present invention, by 
controlling the motor so as to stop at a speci?ed rotation stop 
position, it is possible to arbitrarily adjust the rotation stop 
position of the damper. Further, it is possible to detect any 
rotational abnormality in the damper based on the control 
signal supplied to the motor and the detection signal from 
the detector. That is, it is possible to detect any rotational 
abnormality in the damper by grasping the actual operation 
state of the damper through the detection signal from the 
detector and comparing the actual operation state With the 
control signal output to the motor. 

[0011] In a second aspect of the present invention, there is 
provided a damper position adjusting device according to 
the ?rst aspect, in Which the motor is a stepping motor and 
the controller detects any rotational abnormality of the 
damper based on the control signal composed of a drive 
pulse supplied to the stepping motor and the detection signal 
composed of a detection pulse obtained through detection of 
the slit by the detector. 

[0012] In the second aspect of the present invention, by 
using a stepping motor, the adjustment of the rotation stop 
position of the damper can be easily e?‘ected. Further, it is 
possible to easily detect any rotational abnormality in the 
damper based on the control signal composed of the drive 
pulse supplied to the stepping motor and the detection signal 
composed of the detection pulse from the detector. 

[0013] In a third aspect of the present invention, there is 
provided a damper position adjusting device according to 
the second aspect, in Which the detected plate is one of a 
circular plate member and sector-shaped plate member 
having a slit formation region in Which a large number of the 
slits are formed at equal circumferential intervals, the con 
troller rotates the motor in one direction until the detector is 
outside the slit formation region, and then rotates the motor 
in the reverse direction until the detector detects a slit at the 
other circumferential end of the slit formation region, using 
the slit as an origin, and at the origin, at Which the detector 
detects the slit at the other circumferential end of the slit 
formation region, the damper totally closes an air supply 
path leading to the burner, and at the position at Which the 
detector detects a slit at one circumferential end of the slit 
formation region, the damper totally opens the air supply 
path leading to the burner. 
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[0014] In the third aspect of the invention, there is used a 
detected plate having a large number of slits in the range 
from the totally closed position to the totally open position 
of the damper, and an origin corresponding to the totally 
closed position is con?rmed before use, thereby making it 
possible to detect any rotational abnormality in the damper 
With a simple construction and control. 

[0015] In a fourth aspect of the present invention, there is 
provided a damper position adjusting device according to 
any one of the ?rst through third aspects, further including 
one or a plurality of the folloWing sensors: an outside air 
temperature sensor for detecting a temperature of the air 
supplied to the burner; an exhaust gas temperature sensor for 
detecting a temperature of an exhaust gas of the combustion 
apparatus; and a dust sensor, a nitrogen oxide sensor, an 
oxygen sensor, and a carbon monoxide sensor for detecting 
the amount of dust, nitrogen oxide, oxygen, and carbon 
monoxide or carbon monoxide in the exhaust gas, respec 
tively, in Which the controller adjusts the rotation stop 
position for the damper based on the output of the sensor(s). 

[0016] In the fourth aspect of the invention, by using 
various sensors, it is possible to perform control taking the 
outside air temperature and the exhaust gas temperature into 
consideration, and further, to perform control taking the 
amount of dust, the amount of nitrogen oxide, the amount of 
oxygen, or the amount of carbon monoxide in the exhaust 
gas into consideration. As a result, it is possible to effectively 
prevent a combustion defect Without conducting any main 
tenance. 

[0017] In a ?fth aspect of the present invention, there is 
provided a damper position adjusting device provided in a 
damper for adjusting the amount of air supplied to a burner 
of a combustion apparatus, including: a motor for rotating 
the damper about a rotation axis of the motor; a sensor for 
detecting a temperature of an exhaust gas of the combustion 
apparatus or the amount of dust, nitrogen oxide, oxygen, or 
carbon monoxide in the exhaust gas; and a controller for 
adjusting the motor based on a detection signal from the 
sensor to adjust a rotation stop position for the damper. 

[0018] In the ?fth aspect of the invention, it is possible to 
perform control taking the exhaust gas temperature into 
consideration, and further, to perform control taking the 
amount of dust, the amount of nitrogen oxide, the amount of 
oxygen, the amount of carbon monoxide, etc. in the exhaust 
gas into consideration, making it possible to automatically 
adjust the damper position in response to changes in those 
amounts to thereby prevent a combustion defect. 

[0019] In a sixth aspect of the present invention, there is 
provided a damper position adjusting device according to 
the ?fth aspect, further including one or a plurality of the 
folloWing sensors: an outside air temperature sensor for 
detecting a temperature of the air supplied to the burner; an 
exhaust gas temperature sensor for detecting a temperature 
of an exhaust gas of the combustion apparatus; and a dust 
sensor, a nitrogen oxide sensor, an oxygen sensor, and a 
carbon monoxide sensor for detecting the amount of dust, 
nitrogen oxide, oxygen, and carbon monoxide or carbon 
monoxide in the exhaust gas, respectively, in Which the 
controller controls the motor based on a detection signal 
from the sensor to adjust the rotation stop position for the 
damper. 
[0020] In the sixth aspect of the invention, it is possible to 
perform control taking into consideration a plurality of 
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factors among the temperature of the supplied air, the 
temperature of the exhaust gas discharged, and the amount 
of dust, the amount of nitrogen oxide, the amount of oxygen, 
or the amount of carbon monoxide in the exhaust gas, 
making it possible to automatically adjust the damper posi 
tion in response to changes in those factors to thereby 
prevent a combustion defect. 

[0021] In a seventh aspect of the present invention, there 
is provided a damper position adjusting device according to 
the sixth aspect, in Which the controller controls the motor 
to adjust the rotation stop position for the damper, according 
to priorities pre-assigned to the plurality of sensors, giving 
high priority to a detection signal from a sensor of a higher 
order of priority. 

[0022] In the seventh aspect of the invention, control is 
performed according to the assigned priorities given to a 
plurality of sensors, thereby making it possible to prevent a 
combustion defect through a simple control. 

[0023] In an eighth aspect of the present invention, there 
is provided a damper position adjusting device according to 
any one of the ?rst through seventh aspects, in Which the 
damper position adjusting device is applicable to an existing 
combustion apparatus, and the damper position adjusting 
device is mounted thereto by connecting a drive shaft of the 
damper position adjusting device driven by the motor to the 
rotation axis of an existing damper. 

[0024] In the eighth aspect of the invention, retro?tting of 
the damper position adjusting device to an existing com 
bustion apparatus is possible. Thus, even in an existing 
combustion apparatus, it is possible to adjust the damper 
rotation stop position, and to detect any rotational abnor 
mality in the damper. 

[0025] In a ninth aspect of the present invention, there is 
provided a damper position adjusting device according to 
the eighth aspect, in Which a plurality of slit formation 
regions are formed in the detected plate so as to alloW 
application to a plurality of kinds of combustion apparatus, 
and a slit formation region corresponding to the combustion 
apparatus to Which the damper position adjusting device is 
applied is used. 

[0026] In the ninth aspect of the invention, it is possible to 
provide a damper position adjusting device as a component 
having commonality betWeen a plurality of kinds of com 
bustion apparatus. 

[0027] Further, in a tenth aspect of the present invention, 
there is provided a combustion apparatus including a damper 
position adjusting device as described With reference to any 
one of the ?rst through ninth aspects. 

[0028] In the tenth aspect of the invention, it is possible to 
provide a combustion apparatus such as a boiler, providing 
the effect of any one of the ?rst through ninth aspects. 

[0029] In the damper position adjusting device of the 
present invention and the combustion apparatus equipped 
thereWith, it is possible to adjust the damper position, and 
further, to detect any possible rotational abnormality in the 
damper. If any such rotational abnormality should be 
detected, it is possible to prevent operation in a defective 
combustion state by, for example, stopping combustion in 
the combustion apparatus. 
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[0030] Further, in the damper position adjusting device of 
the present invention and the combustion apparatus 
equipped thereWith, it is possible to maintain an optimum 
combustion state through adjustment of the damper position 
even if there is a change in the exhaust gas temperature, or 
in the amount of dust, nitrogen oxide, oxygen, carbon 
monoxide, etc. in the exhaust gas. 

[0031] Next, an embodiment of the present invention Will 
be described. 

[0032] The damper position adjusting device of the 
present invention is applicable to various kinds of combus 
tion apparatus (thermal components) such as a Water tube 
boiler like a small once-through boiler, a Water heater, and 
the reheater of an absorption-refrigerator. Such combustion 
apparatuses have, in addition to a burner, an endothermic 
member group heated through combustion of this burner. 
Further, the combustion apparatus has, in an air supply path 
for supplying combustion air to the burner, a damper Which 
can adjust the How rate of the air supplied. This damper is 
a valve provided in the air supply path, and composed of a 
plate member rotatable about a rotation axis. Thus, by 
adjusting the rotation stop position of the damper, it is 
possible to adjust the How rate of the air supplied to the 
burner. 

[0033] The damper position adjusting device is a device 
adapted to move the rotation axis of the damper so as to 
alloW adjustment. The damper position adjusting device is 
equipped With a drive shaft connected to the rotation axis of 
the damper, rotating the drive shaft by a motor that alloWs 
arbitrary adjustment of the rotation stop position. As a result, 
the rotation stop position of the rotation axis and, by 
extension, of the damper is adjusted. Typically, a stepping 
motor (pulse motor) is used as the motor. 

[0034] To detect any rotational abnormality in the stepping 
motor, the damper position adjusting device is equipped 
With a detected plate provided so as to be rotatable integrally 
With the rotation axis of the damper, and a detector for 
detecting a slit formed in the detected plate. 

[0035] The detected plate is a plate member provided so as 
to rotate integrally With the drive shaft. Typically, the 
detected plate is composed of a disc. At least in a part of the 
outer peripheral portion of this disc, there are formed a large 
number of slits at equal circumferential intervals to consti 
tute a slit formation region. The slits are arranged to extend 
in the radial direction of the disc, and are of the same 
con?guration and siZe. Those slits are formed as thin and 
narroW rectangular grooves or holes extending through an 
opaque disc formed of metal or the like. Alternatively, 
printing may be performed on a transparent disc formed of 
plastic or the like so as to form alternate dark and light 
circumferential stripes, using the resultant transparent por 
tions as the slits. Instead of being formed as a circular disc, 
the detected plate may also be formed as a sector-shaped 
member as long as it has the slit formation region. 

[0036] The detector is ?xed to the outer case, etc. of the 
damper position adjusting device, and is equipped With a 
light emitting element and a light receiving element. Typi 
cally, the detector is possible to use a photo interrupter. The 
detector is mounted, With the detection plate interposed 
betWeen the light emitting element and the light receiving 
element thereof. That is, the detected plate is provided so as 
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to rotate With the drive shaft and, by extension, With the 
damper, With the outer peripheral portion thereof being 
arranged betWeen the light emitting element and the light 
receiving element of the detector. 

[0037] When the damper rotates betWeen the totally closed 
position and the totally open position of the air supply path, 
the detected plate also rotates integrally With the rotation 
axis of the damper. The slit formation region is the region of 
the detected plate Which passes the detector in this process. 
In this embodiment, the damper position adjusting device is 
mounted to the rotation axis of the damper such that the 
position Where the detector detects the slit at one circum 
ferential end of the slit formation region corresponds to the 
totally open position of the damper, and that the position 
Where the detector detects the slit at the other circumferen 
tial end of the slit formation region corresponds to the totally 
closed position of the damper. 
[0038] The damper position adjusting device is controlled 
by a controller as a control device. This controller obtains 
detection signals corresponding to the slits from the detector. 
Thus, When the detector is Within the slit formation region 
of the detected plate, the slits are detected at predetermined 
intervals as the motor and, by extension, the damper rotates. 
Conversely, When the detector is outside the slit formation 
region, no slit is detected even When the motor and, by 
extension, the damper rotates. By utiliZing this phenomenon, 
the controller is capable of performing origin con?rmation 
of the damper position. To be more speci?c, the origin is 
con?rmed as follows. The motor is rotated in one direction 
until the detector is placed outside the slit formation region, 
and then reversed until the slit at the other circumferential 
end of the slit formation region is detected. The position thus 
reached should serve as the origin. 

[0039] The controller controls the motor such that the 
drive shaft stops at a speci?ed rotation stop position. When 
a stepping motor is used as in this embodiment, by supplying 
a control signal composed of a drive pulse to the stepping 
motor, it is possible to cause the motor and, by extension, the 
damper to make normal or reverse rotation by a desired 
angle. 
[0040] The controller outputs a control signal to the motor 
in order to drive the motor by a desired amount. Based on 
this control signal, it is checked Whether the damper has 
been actually opened/closed by a desired amount or not. 
That is, the controller monitors the damper for any rotational 
abnormality by comparing the detection signal from the 
detector With the control signal supplied to the motor. When 
a stepping motor is used as in this embodiment, a control 
signal composed of a drive pulse supplied to the stepping 
motor and a detection signal composed of a slit detection 
pulse obtained by the detector are compared With each other 
to thereby check Whether any rotational abnormality exists 
or not. 

[0041] For example, When no detection pulse from the 
detector is detected although a drive pulse has been supplied 
to the stepping motor, it is judged that there is some 
rotational abnormality, and the combustion in the boiler is 
stopped. Conversely, also When a pulse from the detector is 
detected although no drive pulse has been supplied to the 
stepping motor, it is possible to cause the device to judge 
that there is some rotational abnormality. 

[0042] The damper position adjusting device may be 
equipped With one or a plurality of sensors selected from 
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among the following group: an outside air temperature 
sensor for detecting the temperature of the air supplied to the 
burner; an exhaust gas temperature sensor for detecting the 
temperature of the exhaust gas of the combustion apparatus, 
and a dust sensor; a nitrogen monoxide sensor, an oxygen 
sensor, and a carbon monoxide sensor for detecting the 
amount of dust, nitrogen oxide, oxygen, or carbon monox 
ide, respectively. In this case, by using those sensors, it is 
possible to perform control taking into consideration the 
outside air temperature, the exhaust gas temperature, and the 
amount of dust, the amount of nitrogen oxide, the amount of 
oxygen, or the amount of carbon monoxide in the exhaust 
gas. 

[0043] For example, When an outside air temperature 
sensor is provided, it is possible to adjust the rotation stop 
position based on the output of the outside air temperature 
sensor. Thus, it is possible, for example, to adjust the air 
ratio of the air supplied to the burner, and to continue 
operation With a ?xed air ratio Without depending on the 
outside air temperature. Here, the term air ratio means 
(actual combustion air amount)/ (theoretical combustion air 
amount). That is, the term “air ratio” is de?ned as “the 
actually required amount of air for combustion”“the theo 
retically required amount of air for combustion”. The air 
undergoes a change in volume as the outside air temperature 
changes. By providing the outside air temperature, it is 
possible to easily cope With this change in volume. 

[0044] In a combustion apparatus such as a boiler, the 
damper position adjusting device according to this embodi 
ment is mounted to the rotation axis of the damper provided 
in the air supply path leading to the burner of the combustion 
apparatus. By controlling the motor, the damper can also 
totally close the air supply path at the time of combustion 
stop, making it possible to prevent air or gas from ?oWing 
backward from the boiler body (fumace) to the air supply 
path. Thus, it is possible to minimiZe the thermal in?uence 
on the duct and various apparatuses connected to the duct, 
and to prevent heat exhaust loss due to draft. In particular, 
it proves effective for an ignition system using a pilot burner, 
making it possible to adjust the air supply amount, etc. at the 
time of pilot combustion. 

[0045] Further, the opening/closing control of the damper 
by the controller can be adjusted based on the outputs of 
various sensors. There are no particular limitations regard 
ing the kind of sensor used. One or a plurality of sensors are 
selected for use from among the folloWing group: an outside 
air temperature sensor for detecting the temperature of the 
air supplied to a burner; an exhaust gas temperature sensor 
for detecting the temperature of the exhaust gas of a com 
bustion apparatus; a dust sensor for detecting the amount 
(concentration) of dust in the exhaust gas; a nitrogen oxide 
sensor for detecting the amount (concentration) of nitrogen 
oxide in the exhaust gas; an oxygen sensor for detecting the 
amount (concentration) of oxygen in the exhaust gas; a 
carbon monoxide sensor for detecting the amount (concen 
tration) of carbon monoxide in the exhaust gas, etc. The 
mounting positions of the sensors are determined as appro 
priate. The outside air temperature sensor can be provided in 
the air supply path, etc., and the exhaust gas temperature 
sensor, the dust sensor, the nitrogen oxide sensor, the oxygen 
sensor, and the carbon monoxide sensor are provided in the 
exhaust gas passage (chimney). 
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[0046] When the combustion apparatus is a boiler, the 
controller controls the motor so as to sWitch the damper 
betWeen a loW combustion air volume position and a high 
combustion air volume position according to the operation 
process thereof, adjusting each of the above positions based 
on detection signals from the various sensors mentioned 
above. This makes it possible to perform control taking into 
consideration the outside air temperature, the exhaust gas 
temperature, the dust amount, the amount of nitrogen oxide, 
the amount of oxygen, or the amount of carbon monoxide in 
the exhaust gas. 

[0047] For example, as stated above, the air undergoes a 
change in volume as the outside air temperature changes. 
HoWever, When an outside air temperature sensor is pro 
vided, it is possible to easily cope With this change in 
volume. 

[0048] When a dust sensor is used, the damper is adjusted 
so as to reduce the amount of dust. When a nitrogen oxide 
sensor or a carbon monoxide sensor is used, the damper is 
adjusted so as to reduce the amount of nitrogen oxide or 
carbon monoxide. When an oxygen sensor is used, the 
damper is adjusted so as to maintain an oxygen concentra 
tion for optimum combustion state, or, as in the case of the 
outside air temperature sensor, the damper is adjusted so as 
to set the air ratio to a ?xed level. In the case of an exhaust 
gas temperature sensor, the damper is adjusted so as to attain 
an optimum combustion state based on the exhaust gas 
temperature. 

[0049] It is possible to use only one of those sensors for 
control, or to use a plurality of sensors in a combination to 
adjust the damper. When a plurality of sensors are used, 
control can be performed according to pre-set degrees of 
priority, giving high priority to a detection signal from a 
sensor of a higher order of priority. 

[0050] The damper position adjusting device can be of a 
construction alloWing retro?tting to the rotation axis of an 
existing damper of an existing combustion apparatus. Com 
bustion apparatuses, such as boilers, can be classi?ed into 
tWo types: one in Which the damper is opened through 
clockWise rotation and one in Which the damper is opened 
through counterclockWise rotation. Further, the structure of 
the key groove of the rotation axis of the damper may be of 
different types With respect to the damper plate surface 
according to the combustion apparatus model. To alloW 
common application of the damper position adjusting device 
to combustion apparatuses of those different types, a plu 
rality of slit formation regions may be provided in the 
detection plate. In this case, one of the slit formation regions 
is selectively used according to the combustion apparatus to 
Which the damper position adjusting device is applied. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0051] 
[0052] FIG. 1 is a schematic longitudinal sectional vieW 
of a boiler to Which a damper position adjusting device 
according to the present invention is applied; 

In the accompanying draWings: 

[0053] FIG. 2 is a sectional vieW taken along the line II-II 
of FIG. 1; 

[0054] FIG. 3 is a perspective vieW of a main body portion 
of a damper position adjusting device according to an 
embodiment of the present invention; 
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[0055] FIG. 4 is a schematic vieW, partly in section, 
showing hoW the damper position adjusting device of FIG. 
3 is used and hoW control is effected; 

[0056] FIG. 5 is a sectional vieW of a rotational abnor 
mality detecting device and a damper position indicating 
device of the damper position adjusting device of FIG. 3; 
and 

[0057] FIG. 6 is a diagram shoWing a modi?cation 
example of a detected plate. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0058] In the following, a speci?c example of the present 
invention Will be described in detail With reference to the 
draWings. While the damper position adjusting device of the 
present invention is applicable not only to a boiler but also 
to the reheater of an absorption-type refrigerator, etc., the 
example described beloW is applied to a once-through-type 
steam boiler, Which is a kind Water tube boiler. 

[0059] FIG. 1 is a schematic longitudinal sectional vieW 
of a boiler to Which an example of the damper position 
adjusting device of the present invention is applied. FIG. 2 
is a sectional vieW taken along the line II-II of FIG. 1. 

[0060] A boiler 1 according to this example is equipped 
With a burner 2 and a boiler body 4 in Which a large number 
of heat transfer tubes 3 are arranged. The burner 2 is 
provided at one end of the boiler body 4. This example 
adopts a completely premixed type burner having a flat 
combustion surface (premixed gas ejection surface). The 
boiler body 4 has, on one side thereof, that is, on the burner 
2 side, an air supply path 6 for sending combustion air from 
a bloWer 5 to the burner 2, and on the other end thereof 
opposite to the burner 2, an exhaust gas passage (chimney) 
7 for discharging exhaust gas from the boiler body 4. The air 
supply path 6 has, on the doWnstream side of the bloWer 5, 
a damper 8 for adjusting the amount of air supplied to the 
burner 2. The damper 8 is a plate member rotatable about a 
rotation axis 9 arranged so as to be orthogonal to the How 
passage direction of the air supply path 6. The damper 8 is 
rotatably retained inside a duct (With no reference numeral) 
constituting the air supply path 6. As a result, the rotating 
angle thereof is adjusted, making it possible to adjust the 
amount of air sent to the burner 2. 

[0061] In the air supply path 6, there is further provided, 
on the doWnstream side of the damper 8, a gas fuel supply 
tube 10 for injecting a fuel gas into the air supply path 6. The 
fuel gas is injected into the air supply path 6 through the gas 
fuel supply tube 10, thereby making it possible to mix the 
fuel gas into the air supplied to the burner 2. The gas fuel 
supply tube 10 is equipped With a fuel ?oW rate adjustment 
valve 11, making it possible to adjust the How rate of fuel gas 
injected. 
[0062] The heat transfer tubes 3 provided inside the boiler 
body 4 are arranged betWeen an upper header 12 and a loWer 
header 13. Further, as shoWn in FIG. 2, outer heat transfer 
tubes 14 arranged along both side Walls of the boiler body 
4 are connected together by plate-like portions 15 to form 
Water tube Walls 16. BetWeen the pair of Water tube Walls 16, 
the upper header 12, and the loWer header 13, the combus 
tion gas generated through combustion at the burner 2 is 
guided so as to How linearly toWard the exhaust gas passage 
7. 

Sep. 28, 2006 

[0063] The damper 8 in the air supply path 6 is provided 
With a damper position adjusting device according to the 
present invention. The damper position adjusting device of 
this example is installed on the outer surface of the duct (not 
indicated by reference numeral) constituting the air supply 
path 6, and operates the rotation axis 9 of the damper 8, 
thereby changing the degree of opening of the air supply 
path 6 de?ned by the damper 8 to adjust the How rate of the 
combustion air. 

[0064] FIGS. 3 through 5 are diagrams each shoWing a 
damper position adjusting device 17 according to this 
example, of Which FIG. 3 is a perspective vieW of a main 
body portion 18, FIG. 4 is a schematic system vieW, partly 
in section, shoWing hoW the device is used, and FIG. 5 is a 
sectional vieW of a rotational abnormality detecting device 
19 and a damper position indicating device 20. 

[0065] The damper position adjusting device 17 of this 
example is equipped With a drive shaft 21 detachably 
connected to the rotation axis 9 of the damper 8, and the 
drive shaft 21 can be rotated by a motor 23 through the 
intermediation of a reduction gear 22. As the motor 23, a 
motor is used Which alloWs arbitrary adjustment of the 
rotation stop position. In this example, a stepping motor 
(pulse motor) 23 is used. 

[0066] The drive shaft 21 is connected to the rotation axis 
9 of the damper 8 through the intermediation of a coupling 
24 so as to alloW coaxial, integral rotation. The coupling 24 
of this example is formed as a stepped cylinder having at its 
center a stepped small diameter hole 25 and a stepped large 
diameter hole 26 both extending therethrough in the axial 
direction. The drive shaft 21 is inserted into the small 
diameter hole 25, and is integrated With the coupling 24 by 
a mounting screW 27. On the other hand, the rotation axis 9 
of the damper 8 can be inserted into the large diameter hole 
26, and is alloWed to make integral rotation With the 
coupling 24 by means of a key 28. For this purpose, key 
grooves 29 and 30 are formed in the rotation axis 9 and the 
large diameter hole 26 of the coupling 24, respectively. 

[0067] With the drive shaft 21 inserted into one end 
portion of the coupling 24, the other end portion of the 
coupling 24 is rotatably retained by an outer case 32 of the 
damper position adjusting device 17 through the intermedi 
tion of a bearing 31. In the outer case 32, the coupling 24, 
the rotational abnormality detecting device 19, etc. are 
sealed, With the reduction gear 22 and the stepping motor 23 
being retained at one end thereof and the large diameter hole 
26 of the coupling 24 being exposed at the other end thereof. 

[0068] The rotational abnormality detecting device 19 is 
equipped With a detected plate 33 and a detector 34. The 
detected plate 33 is ?xed to the stepped portion at the axial 
center of the coupling 24 so as to extend radially outWards. 
The detected plate 33 of this example is composed of a thin 
disc Which is formed of a metal such as stainless steel. The 
detected plate 33 is provided coaxially With the coupling 24 
and the drive shaft 21. In a part of the outer peripheral 
portion of the detected plate 33, there is provided a slit 
formation region 36 in Which a large number of slits 35 are 
formed at equal circumferential intervals. In this example, 
the slit formation region 36 covers a quarter (90 degrees) of 
the circumference. The slits 35 formed in the slit formation 
region 36 are of the same con?guration and siZe. In this 
example, thin and narroW rectangular grooves extending in 
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the radial direction of the detected plate 33 are formed by 
stamping at equal circumferential intervals. 

[0069] The detector 34 for detecting the slits 35 is ?xed to 
the outer case 32. The detector 34 of this example is 
composed of a transmission type photo interrupter, Which is 
mounted such that the outer peripheral portion of the 
detected plate 33 is situated betWeen a light emitting element 
37 and a light receiving element 38. With the arrangement 
in Which the detected plate 33 exists betWeen the light 
emitting element 37 and the light receiving element 38 of the 
detector 34, sWitching is effected betWeen reception and 
non-reception of light from the light emitting element 37 by 
the light receiving element 38 depending upon Whether a slit 
35 is situated at a position corresponding to the detector 34 
(the position corresponding to the optical path from the light 
emitting element 37 to the light receiving element 38). In 
this Way, the detector 34 can detect the slits 35 formed in the 
detected plate 33. 

[0070] In mounting the damper position adjusting device 
17 to the rotation axis 9 of the damper 8, positioning is 
effected such that the damper 8 totally closes the air supply 
path 6 When a clockWise-end slit 39 of the slit formation 
region 36, shoWn in FIG. 5, is at the position corresponding 
to the detector 34. The position of the key groove 29 of the 
rotation axis 9 With respect to the plate surface of the damper 
8 is previously determined, so the above-mentioned posi 
tioning can be easily effected by adjusting in advance the 
circumferential position of the key groove 30 formed in the 
coupling 24 and the circumferential position of the detected 
plate 33 mounted to the coupling 24. 

[0071] In this example, the slit formation region 36 is 
formed so as to cover a range corresponding to 90 degrees 
of the detected plate 33, so, as stated above, in the state in 
Which the clockWise-end slit 39 of the slit formation region 
36 is situated at the position corresponding to the detector 
34, the damper 8 totally closes the air supply path 6, 
Whereas, in the state in Which the counterclockWise-end slit 
40 of the slit formation region 36 is situated at the position 
corresponding to the detector 34, the damper 8 totally opens 
the air supply path 6. 

[0072] The damper position adjusting device 17 (the main 
body portion 18), constructed as described above, is pro 
vided on the outer surface of the duct (With no reference 
numeral) constituting the air supply path 6. In this regard, 
the drive shaft 21 is connected to the rotation axis 9 of the 
damper 8 extending through the duct to the exterior, through 
the intermediation of the coupling 24. With this construc 
tion, the damper position adjusting device 17 of this example 
easily alloWs retro?tting to an existing boiler 1 as Well. 

[0073] It is desirable for the position of the damper 8 to 
alloW easy visual recognition by the person performing 
maintenance on the boiler 1. In vieW of this, the damper 
position adjusting device 17 of this example is equipped 
With the damper position indicating device 20 for indicating 
the rotating position of the damper 8. The damper position 
indicating device 20 of this example is equipped With a 
bar-like indicator 41 provided so as to extend radially 
outWards from the coupling 24, and an indication plate 43 
provided in a circumferential groove 42 formed in the outer 
case 32. 

[0074] In the example shoWn, a proximal portion 44 of the 
indicator 41 is mounted to the outer peripheral surface of the 
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coupling 24. A round-bar-like indicator main body 45 is 
formed so as to extend outWardly from one end of the 
proximal portion 44. Formed in the distal end portion of the 
indicator main body 45 are slopes 46 approaching to each 
other as they extend toWard the distal end. In the state in 
Which the indicator 41 has been mounted to the coupling 24, 
a linear distal end portion 47, formed by the slopes 46 
joining together, extends in the axial direction of the cou 
pling 24. It is desirable to apply a ?uorescent paint or the like 
to the linear distal end portion 47. 

[0075] The indicator 41 is mounted to the outer peripheral 
surface of the coupling 24 by means of a fastening screW 48 
inserted into a through-hole (With no reference numeral) 
formed at the center of the proximal portion 44. The distal 
end portion of the indicator 41 thus ?xed to the coupling 24 
protrudes into the circumferential groove 42 formed in the 
outer case 32. The circumferential groove 42 covers an 

angular range someWhat larger than 90 degrees. Thus, even 
if rotational abnormality of the damper 8 occurs, further 
rotation is prevented by the indicator 41 abutting the ends of 
the circumferential groove 42. 

[0076] A ?exible transparent indication plate 43 is pro 
vided on the outer peripheral surface of the outer case 32 so 
as to cover the circumferential groove 42. The indication 
plate 43 is transparent, so it is possible to visually recogniZe 
the indicator 41 from outside the outer case 32. Thus, it is 
possible to ascertain the position of the rotation axis 9, that 
is, of the damper 8, by the Way the indicator main body 45 
moves. The indication plate 43 of this example has numbers 
“0” through “9” af?xed thereto at equal intervals. When the 
damper 8 is totally closed, the indicator 41 (the distal end 
portion 47 of the indicator main body 45) indicates “0”, and 
When the damper 8 is totally open, the indicator 41 indicates 
“9”. 

[0077] The damper position adjusting device 17 of this 
example is further equipped With a controller (control 
device) 49. The controller 49 is connected to the stepping 
motor 23 and the detector 34. As a result, it is possible to 
control the rotation of the stepping motor 23 While moni 
toring the damper for rotational abnormality. To control the 
stepping motor 23, the controller 49 has a circuit for 
preparing control signals including the drive pulses for the 
stepping motor 23, and can output the prepared control 
signals to the stepping motor 23. As a result, it is possible to 
arbitrarily control the normal and reverse rotation and the 
rotation angle of the stepping motor 23. Further, by changing 
the interval of the drive pulses, the rotating speed is con 
trolled. 

[0078] In actually performing opening/closing control on 
the damper 8, the controller 49 ?rst performs an origin 
detecting operation to establish the totally closed position of 
the damper 8 as the origin. In this example, the detected 
plate 33 is ?rst rotated counterclockWise as shoWn in FIG. 
5. Assuming that the detector 34 is arranged Within the slit 
formation region 36 of the detected plate 33, the detector 34 
periodically detects the slits 35 as the detected plate 33 
rotates, With the result that the detection pulses are input to 
the controller 49 as detection signals. When the detected 
plate 33 is rotated until the detector 34 is brought to the 
exterior of the slit formation region 36, pulse detection is no 
longer effected. When no pulses are detected for a prede 
termined period of time, the controller 49 judges that the 
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detector 34 is outside the slit formation region 36, and 
reverses the rotating direction. That is, in this example, the 
detected plate 33 is reversed clockwise, and the position 
Where the ?rst pulse (the clockWise end slit 39) is detected 
is to be regarded as the origin. This origin con?rmation 
through clockWise rotation is effected at a speed loWer than 
that of the counterclockwise rotation prior to the sWitching 
of the rotating direction. 

[0079] The origin thus detected corresponds to the totally 
closed position of the damper 8, so, using this state as a 
reference, the controller 49 outputs a drive signal to the 
stepping motor 23, making it possible to perform opening/ 
closing control on the damper 8. As the controller 49 drives 
the stepping motor 23 to open/close the damper 8, detection 
signals corresponding to the slits 35 are obtained from the 
detector 34 as pulses. Thus, the controller 49 compares the 
detection signals from the detector 34 With the control 
signals to be supplied to the stepping motor 23, thereby 
making it possible to monitor the damper 8 for any rotational 
abnormality. To be more speci?c, the control signals com 
posed of drive pulses to be supplied to the stepping motor 23 
and the detection signals composed of detection pulses 
obtained through detection of the slits 35 by the detector 34 
are compared With each other to thereby effect monitoring to 
see if there is any rotational abnormality. 

[0080] For example, When, although drive pulses have 
been supplied to the stepping motor 23, no detection pulses 
are detected by the detector 34, it is judged there is rotational 
abnormality. The frequency of the detection pulses from the 
detector 34 usually differs from the frequency of the drive 
pulses to be supplied to the stepping motor 23, so control is 
performed taking this difference into consideration. For 
example, control is performed such that it is judged there is 
rotational abnormality only When, even though a period of 
time corresponding to a predetermined drive signal pulses 
has elapsed, not a single detection signal pulse is detected. 
When it is determined that there is rotational abnormality, 
the controller 49 supplies, for example, a stop signal SP to 
the control panel (not shoWn) of the boiler 1 to stop 
combustion. Conversely, it is also possible to detect rota 
tional abnormality When, even though no drive pulses have 
been supplied to the stepping motor 23, a pulse is detected 
by the detector 34. 

[0081] To adjust the rotation stop position of the damper 
8 based on the temperature of the air supplied to the burner 
2 (outside air temperature), the exhaust gas temperature of 
the boiler 1, the amount (concentration) of dust, nitrogen 
oxide (NOx), oxygen (02), or carbon monoxide (CO), etc., 
the damper position adjusting device 17 is preferably 
equipped With various sensors 50, 51. Examples of the 
sensors include a temperature sensor, a dust sensor, an NOx 

sensor, an O2 sensor, and a CO sensor. It is possible to 
provide only one such sensor or a plurality of kinds of 
sensors. Each sensor 50, 51 is connected to the controller 49, 
and a detection signal is input to the controller 49. 

[0082] In this example, a ?rst sensor 50 is provided on the 
outer case 32 of the damper position adjusting device 17, 
and a second sensor 51 is provided in the exhaust gas 
passage 7 at the outlet of the boiler body 4 of the boiler 1. 
The ?rst sensor 50 is an outside air temperature sensor 
composed of a thermistor, Whereas the second sensor 51 is 
composed of one or more sensors selected from among the 
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folloWing sensors: an exhaust gas temperature sensor for 
measuring the exhaust gas temperature; a dust sensor, an 
NOx sensor, an O2 sensor, or a CO sensor for measuring the 
amount of dust, nitrogen oxide, oxygen, or carbon monoxide 
in the exhaust gas, respectively. 

[0083] It should be noted that it is not alWays necessary to 
provide both the ?rst sensor 50 and the second sensor 51, 
and control can be performed using only one of those 
sensors. The ?rst sensor 50 composed of an outside air 
temperature sensor measures the outside air temperature, 
that is, the temperature of the air supplied to the burner 2. It 
is only necessary for the ?rst sensor 50 to be capable of 
detecting the outside air temperature, and there are no 
particular limitations regarding the mounting position 
thereof. It may also be installed at a position spaced apart 
from the outer case 32 of the damper position adjusting 
device 17. 

[0084] In the folloWing, the operation of the steam boiler 
1 equipped With the damper position adjusting device 17 of 
this example Will be schematically described. 

[0085] Combustion air (outside air) supplied from an 
outside air intake passage 52 (see FIG. 1) is premixed in the 
air supply path 6 With the fuel gas supplied from the gas fuel 
supply tube 10, and the premixed gas thus obtained is 
injected into the boiler body 4 from the burner 2. In this 
process, the premixed gas is ignited by an ignition device 
(not shoWn) at the burner 2 and then burned. The combustion 
gas generated as a result of this combustion undergoes heat 
exchange With the heat transfer tube group 3 in the boiler 
body 4 to become exhaust gas, Which is discharged into the 
atmosphere through the exhaust gas passage 7. The Water in 
the heat transfer tubes 3 is heated through heat exchange 
With the combustion gas, and then vaporized. This steam is 
supplied from a steam extraction device (not shoWn) con 
nected to the upper header 12 to equipment using steam (not 
shoWn). 
[0086] In operating the boiler 1 of this example, sWitching 
is effected betWeen high combustion and loW combustion. 
For this purpose, the damper 8 can be selectively positioned 
at either a high combustion air volume position or a loW 
combustion air volume position. The position adjustment of 
the damper 8 is effected by the controller 49 of the damper 
position adjusting device 17. That is, a selection signal SL 
for selection betWeen high combustion and loW combustion 
is input to the controller 49 from the boiler 1, and the motor 
23 is controlled based on the same to thereby place the 
damper 8 at a desired rotation stop position. When the motor 
23 is a stepping motor, after the above-described origin 
detecting operation is performed, a predetermined number 
of pulses corresponding to each category of combustion are 
output so that the drive shaft 21 may rotate from the origin 
to a desired rotation stop position. For example, 500 pulses 
are output to rotate the damper 8 to the high combustion air 
volume position, and 200 pulses are output to rotate the 
damper 8 to the loW combustion air volume position. The 
above-mentioned numbers of output pulses are only given 
by Way of example; they naturally vary according to the 
motor used. As described above, When the damper 8 rotates, 
it is monitored by the detector 34 for any rotational abnor 
mality. 

[0087] In this Way, the boiler 1 is operated With the damper 
8 placed at either the loW combustion air volume position or 
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the high combustion air volume position. The rotation stop 
positions for the damper 8 are adjusted based on the output 
from the sensors 50, 51. For example, When the outside air 
temperature sensor (the ?rst sensor) 50 is used, the position 
of the damper 8 can be adjusted according to the change in 
outside air temperature as detected thereby. As a result, even 
When there is a change in outside air temperature, it is 
possible to operate the boiler 1 in an appropriate combustion 
state and With appropriate fuel ef?ciency. 

[0088] To be more speci?c, the controller 49 corrects each 
of the rotation stop positions for high combustion and loW 
combustion based on the output from the outside air tem 
perature sensor 50. That is, the rotation stop position for the 
damper 8 is adjusted by, for example, increasing or decreas 
ing the number of pulses taking the outside air temperature 
into consideration. Through control by the controller 49, it 
is possible to operate the boiler 1 With, for example, the air 
ratio controlled to be ?xed by the damper position adjusting 
device 17 of this embodiment. To be more speci?c, the 
controller 49 stores a program for controlling the rotation of 
the motor 23 such that the air ratio of the burner 2 is a 
substantially ?xed value even if the outside air temperature 
changes. 
[0089] It is also possible to adjust the rotation stop posi 
tion for the damper 8 by using, instead of or in addition to 
the outside air temperature sensor 50, the second sensor, 
Which is selected from among the above-mentioned group: 
a dust sensor; an NOx sensor; an O2 sensor; a CO sensor, etc. 
All of the above-mentioned sensors to be used as the second 
sensor 51 may be Well-knoWn conventional sensors. Regard 
ing the dust sensor, it is possible to use a smoke measure 
ment device in Which exhaust gas is caused to exist betWeen 
a light emitting element and a light receiving element and 
Which grasps the smoke concentration from the light recep 
tion intensity at the light receiving element. As the smoke 
measurement device, it is possible to use the device as 
disclosed in JP 2005-265609A. 

[0090] When the dust sensor is used, the damper 8 is 
adjusted so as to reduce the amount of dust. When the Nox 
sensor or the CO sensor is used, the damper 8 is adjusted so 
as to reduce the amount of NOx or CO. When the O2 sensor 
is used, the damper 8 is adjusted so as to maintain an oxygen 
concentration for optimum combustion state, or, as in the 
case of the outside air temperature sensor, adjusts the 
damper 8 so as to set the air ratio to a ?xed level. Further, 
in the case of the exhaust gas temperature sensor, the damper 
8 is adjusted so as to attain an optimum combustion state 
based on the exhaust gas temperature. 

[0091] When a plurality of sensors are selected for use 
from among the dust sensor, the NOx sensor, the O2 sensor, 
the CO sensor, etc., it is possible to prepare a program such 
that control is effected according to priorities previously 
assigned to the sensors, giving priority to a detection signal 
from a sensor of a higher priority. This order of priority may 
be the same throughout the operation process of the boiler 1, 
or may be changed according to the stage of operation of the 
boiler 1. 

[0092] When the combustion in the boiler 1 is to be 
stopped, the controller 49 drives the damper 8 to place the 
air supply path 6 in the totally closed state. This makes it 
possible to prevent back How of hot air from the interior of 
the furnace to the air supply path 6, making it possible to 
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minimiZe the thermal in?uence. Further, this also leads to 
suppression of heat exhaust loss. 

[0093] While in the above-described example the boiler 1 
is already equipped With the damper position adjusting 
device 17 before the shipment of the boiler 1, the damper 
position adjusting device 17 is devised as folloWs to alloW 
easy installment in an existing boiler 1. Suppose that the 
existing boiler 1 is of a construction Which alloWs selective 
placement at either a high combustion volume position or a 
loW combustion air volume position, no main body portion 
18 shoWn in FIG. 4 is in the existing boiler 1. Instead, a 
motor unit (not shoWn) is provided. To attach the damper 
position adjusting device 17 to the existing boiler 1, the 
motor unit, etc. are detached to attach the damper position 
adjusting device 17 instead. In this regard, the position of a 
fastening screW (not shoWn) for the mounting to the outer 
surface of the duct (With no reference numeral) constituting 
the air supply path 6, is the same for both the motor unit and 
the damper position adjusting device 17. With this arrange 
ment, the damper position adjusting device 17 can be easily 
mounted after removing the motor unit, etc. 

[0094] With the damper position adjusting device 17 of 
this example, the damper 8 can be stopped at an arbitrary 
position With high accuracy by using the stepping motor 23. 
Further, When controlled With a combination of various 
sensors 50, 51, the boiler 1 can maintain a satisfactory 
combustion state. In particular, through combustion at a 
?xed air ratio or oxygen amount by using the outside air 
temperature sensor 50, etc., it is possible to achieve an 
improvement in terms of combustion e?iciency, Which leads 
to a reduction in fuel cost. Further, rotational abnormality 
can be detected through the detected plate 33 and the 
detector 34, so it is possible to prevent a combustion defect 
due to malfunction of the apparatus. 

[0095] The damper position adjusting device 17 and the 
combustion apparatus equipped thereWith are not restricted 
to the construction of the example described above but 
alloWs modi?cation as appropriate. For example, While in 
the above example the detected plate 33 is a disc, it may also 
be a sector-shaped member or the like as long as it is 
equipped at least With the slit formation region 36. 

[0096] Further, as stated above, the damper position 
adjusting device 17 may be constructed so as to alloW 
retro?tting to an existing rotation axis 9 of an existing 
damper 8 in an existing boiler 1. In this case, in the existing 
boiler 1, the position of the damper 8 can be automatically 
adjusted based on the detection results from the various 
sensors 50, 51, making it possible to provide a maintenance 
free boiler. In contrast, When the damper position adjusting 
device 17 is mounted to the boiler 1 from the ?rst, it is 
possible to achieve commonality betWeen the drive shaft 21 
thereof and the rotation axis 9 of the damper 8. 

[0097] As stated above, the damper position adjusting 
device 17 alloWs retro?tting to an existing rotation axis 9 of 
an existing damper 8. It should be noted, hoWever, the 
damper 8 is opened through clockWise rotation in some 
existing boilers 1, Whereas it is opened through counter 
clockWise rotation in other existing boilers 1. Further, the 
structure of the key groove 29 of the rotation axis 9 of the 
damper 8 With respect to the plate surface of the damper 8 
may differ according to the model. To realiZe a component 
having compatibility With such different types of boiler 1, it 
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is advisable, as shown in FIG. 6, to provide a plurality of slit 
formation regions 36, 53 in the detected plate 33, and to 
make it possible to change the mounting position of the 
indicator 41 with respect to the coupling 24. In this case, one 
of the slit formation regions 36, 53 is selectively used 
according to the boiler 1 to which the device is applied. 

[0098] FIG. 6 is a diagram showing a detected plate 33 
formed as a component compatible with a plurality of types 
of boiler 1. In the example shown, the two slit formation 
regions 36, 53 are formed symmetrically, each covering a 
range corresponding to 90 degrees. The left-hand slit for 
mation region 36 is used when the device is mounted in a 
boiler 1 in which the damper 8 is opened through clockwise 
rotation as in the case of the above-described example. 

[0099] The right-hand slit formation region 53 is used 
when the device is mounted in a boiler 1 in which the 
damper 8 is opened through counterclockwise rotation. In 
this case, origin con?rmation for the damper 8 is performed 
as follows. First, the detected plate 33 is rotated clockwise 
until the detector 34 comes out of the slit formation region 
53. Then, the detected plate 33 is rotated in the reverse 
direction, that is, counterclockwise, and the position where 
the ?rst slit (the counterclockwise end slit 54) is detected is 
to be regarded as the origin. The circumferential position of 
the key groove 30 with respect to the coupling 24 is 
determined such that the damper 8 totally closes the air 
supply path 6 when the detected plate 33 is at that position. 
It is advisable for the key groove 30 to be formed at a single 
position in the coupling 24 so that it may allow common use 
regardless of whether the right-hand slit formation region 36 
or left-hand slit formation region 53 is used. In this example, 
regarding the indicator 41, there are mounting positions 
respectively corresponding to the slit formation regions 36, 
53. That is, the position at which the indicator 41 is ?xed to 
the coupling 24 is changed according to which of the slit 
formation regions 36, 53 is used. 

[0100] In the example shown in FIG. 6, the right and left 
slit formation regions 36, 53 are spaced apart from each 
other by 40 degrees taking into consideration the fact that the 
device is applied to a boiler 1 in which the key groove 29 of 
the rotation axis 9 is deviated by 20 degrees with respect to 
the direction perpendicular to the plane of the damper 8. 

[0101] Further, while in the above-described example the 
slits 35 of the same con?guration are formed in the detected 
plate 33 at equal circumferential intervals, it is also possible 
to form slits changed in pattern by a predetermined circum 
ferential angle (not shown), thus providing a detected plate 
(not shown) allowing recognition of an absolute angle by the 
detector 34. In this case, the origin detecting operation is 
facilitated. 

What is claimed is: 
1. A damper position adjusting device provided in a 

damper for adjusting an amount of air supplied to a burner 
of a combustion apparatus, comprising: 

a motor for rotating the damper about a rotation axis of the 
motor; 

a detected plate provided so as to be capable of rotating 
integrally with the rotation axis; 

a detector for detecting a slit formed in the detected plate; 
and 
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a controller for controlling the motor so that the damper 
stops at a speci?ed rotation stop position and for 
detecting any rotational abnormality of the damper 
based on a control signal supplied to the motor and a 
detection signal from the detector. 

2. A damper position adjusting device according to claim 
15 
wherein the motor is a stepping motor, and 

wherein the controller detects any rotational abnormality 
of the damper based on the control signal composed of 
a drive pulse supplied to the stepping motor and the 
detection signal composed of a detection pulse obtained 
through detection of the slit by the detector. 

3. A damper position adjusting device according to claim 
2: 

wherein the detected plate is one of a circular plate 
member and sector-shaped plate member having a slit 
formation region in which a large number of the slits 
are formed at equal circumferential intervals, 

wherein the controller rotates the motor in one direction 
until the detector is outside the slit formation region, 
and then rotates the motor in the reverse direction until 
the detector detects a slit at the other circumferential 
end of the slit formation region, using the slit as an 
origin, and 

wherein at the origin, at which the detector detects the slit 
at the other circumferential end of the slit formation 
region, the damper totally closes an air supply path 
leading to the burner, and at the position at which the 
detector detects a slit at one circumferential end of the 
slit formation region, the damper totally opens the air 
supply path leading to the burner. 

4. A damper position adjusting device according to any 
one of claims 1 through 3, further comprising one or a 
plurality of the following sensors: an outside air temperature 
sensor for detecting a temperature of the air supplied to the 
burner; an exhaust gas temperature sensor for detecting a 
temperature of an exhaust gas of the combustion apparatus; 
and a dust sensor, a nitrogen oxide sensor, an oxygen sensor, 
and a carbon monoxide sensor for detecting the amount of 
dust, nitrogen oxide, oxygen, and carbon monoxide or 
carbon monoxide in the exhaust gas, respectively, 

wherein the controller adjusts the rotation stop position 
for the damper based on the output of the sensor(s). 

5. A damper position adjusting device provided in a 
damper for adjusting the amount of air supplied to a burner 
of a combustion apparatus, comprising: 

a motor for rotating the damper about a rotation axis of the 
motor; 

a sensor for detecting a temperature of an exhaust gas of 
the combustion apparatus or the amount of dust, nitro 
gen oxide, oxygen, or carbon monoxide in the exhaust 
gas; and 

a controller for adjusting the motor based on a detection 
signal from the sensor to adjust a rotation stop position 
for the damper. 

6. A damper position adjusting device according to claim 
5, further comprising one or a plurality of the following 
sensors: an outside air temperature sensor for detecting a 
temperature of the air supplied to the burner; an exhaust gas 
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temperature sensor for detecting a temperature of an exhaust 
gas of the combustion apparatus; and a dust sensor, a 
nitrogen oxide sensor, an oxygen sensor, and a carbon 
monoxide sensor for detecting the amount of dust, nitrogen 
oxide, oxygen, and carbon monoxide or carbon monoxide in 
the exhaust gas, respectively, 

Wherein the controller controls the motor based on a 
detection signal from the sensor to adjust the rotation 
stop position for the damper. 

7. A damper position adjusting device according to claim 
6, Wherein the controller controls the motor to adjust the 
rotation stop position for the damper, according to priorities 
pre-assigned to the plurality of sensors, giving high priority 
to a detection signal from a sensor of a higher order of 
priority. 

8. A damper position adjusting device according to any 
one of claims 1 through 7, 

Wherein the damper position adjusting device is appli 
cable to an existing combustion apparatus, and 
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Wherein the damper position adjusting device is mounted 
thereto by connecting a drive shaft of the damper 
position adjusting device driven by the motor to the 
rotation axis of an existing damper. 

9. A damper position adjusting device according to claim 
8: 

Wherein a plurality of slit formation regions are formed in 
the detection plate so as to alloW application to a 
plurality of kinds of combustion apparatus, and 

Wherein a slit formation region corresponding to the 
combustion apparatus to Which the damper position 
adjusting device is applied is used. 

10. A combustion apparatus comprising a damper position 
adjusting device as claimed in any one of claims 1 through 
9. 


