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(54) FUEL SUPPLY SYSTEM

(57)  Afuel supply system includes a fuel supplier 10
including a cylinder 30 attachable to a mating portion of
ablasttube 4 of ablastfurnace 1; a hollow rotary member
40 rotatably disposed in the cylinder 30 and having a
base end through which fuel is to be fed in the internal
space of the rotary member 40; a pipe 20 fixed to an end,
adjacent to the blast furnace 1, of the rotary member 40
and having a front end through which fuel is to be fed
into the blast furnace 1; and a driving unit (for example,
a hollow stepping motor 90) rotating the rotary member
40; and a control unit 102 disposed separate from the
fuel supplier 10 and controlling the driving unit of the fuel
supplier 10 to rotate the rotary member 40 and the pipe
20.
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Description
TECHNICAL FIELD

[0001] The present invention relates to a fuel supply
system including a fuel supplier, such as a burner, for
injecting fuel, such as pulverized coal, from a blast fur-
nace tuyere to the interior of the furnace.

BACKGROUND ART

[0002] Forareductioninthe amountofcoketobeused,
fuel, such as pulverized coal, heavy oil, or waste plastic
is injected from a blast furnace tuyere and burned in the
furnace. The fuel, such as pulverized coal, is injected
together with a hot blast of air into the furnace through a
pulverized coal (PC) burner (hereinafter, also simply re-
ferred to as "burner") extending through a blast tube fixed
to the tuyere.

[0003] A traditional burner is made of, for example, a
stainless steel or any other special metal that has high
thermal resistance because the burner is exposed to a
high temperature. Unfortunately, such a traditional burn-
er still causes troubles, such as thermal deformation of
a lance pipe, which may damage the tuyere or reduce
the combustion efficiency, for example. To avoid these
troubles, the traditional burner requires replacement of
the damaged lance pipe with a new one after every de-
formation, resulting in an increase in consumption of
lance pipes. In addition, the burner should be replaced
under a weak blast of air during the suspension of the
operation of the blast furnace. This requirement leads to
an increase in cost.

[0004] To address these problems, a burner disclosed
in Japanese Patent No. 5105293 includes a deformable
lance pipe that can be rotated around the axis with a
reduced spring force. The lance pipe of the burner can
be appropriately rotated at the beginning of the thermal
deformation under an airtight condition so that the de-
formed portion is moved to a different position. Such a
rotation can prevent further deformation in the same di-
rection of the deformed portion of the lance pipe and keep
the lance pipe in a substantially linear shape for a long
time, and thus can efficiently prevent damage to the
tuyere and a decrease in combustion efficiency.

SUMMARY OF INVENTION

[0005] A site worker directly observes the condition of
the lance pipe of the burneraccording to Japanese Patent
No. 5105293 through an inspection window at the site of
the blast furnace. If the lance pipe is deformed, the site
worker manually rotates the lance pipe to displace the
deformed portion. Unfortunately, such an operation at
the site of the blast furnace is troublesome for the site
worker and increases the workload for the site worker.
In detail, rotation of the lance pipe of the burner according
to Japanese Patent No. 5105293 requires loosening of
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the screws fastening the flange and the sleeve. Loosen-
ing of the screws fastening the flange and the sleeve
allows rotation of the adapter around the axis. Thus, the
adapter can be rotated by a predetermined angle. This
causes rotation of the lance pipe. After rotation of the
lance pipe by a predetermined angle, the screws on the
flange are tightened. That is, the sleeve is rotated and
the screws are tightened to fasten the sleeve and the
flange. Displacement of the deformed portion through
manual rotation of the lance pipe by a site worker at the
site of the blast furnace is unfortunately a troublesome
operation for the site worker.

[0006] An object of the present invention, which has
been made in view of such a problem, is to provide a fuel
supply system including a controller separately disposed
from a fuel supplier. The controller can control a driving
unit to rotate a pipe. Thus, the site worker needs not to
manually rotate the pipe at the site of the blast furnace
and thus reduces the workload for the site worker.
[0007] A fuel supply system of the present invention
includes: a fuel supplier including: a cylinder attachable
to a mating portion of a blast tube of a blast furnace; a
hollow rotary member rotatably disposed in the cylinder
and having a base end through which fuel is to be fed in
the internal space of the rotary member; a pipe fixed to
an end of the rotary member and having a front end
through which fuel is to be fed into the blast furnace, the
end being adjacent to the blast furnace; and a driving
unit rotating the rotary member; and a control unit dis-
posed separate from the fuel supplier and controlling the
driving unit of the fuel supplier to rotate the rotary member
and the pipe.

[0008] The fuel supply system of the present invention
may further include an image capturing device capturing
an image of the pipe of the fuel supplier disposed in the
blast tube of the blast furnace.

[0009] In this case, the control unit may include: a con-
troller controlling the driving unit of the fuel supplier; a
display displaying the image of the pipe captured at the
image capturing device; and an operating unit operated
by an operator. The controller may control the driving unit
of the fuel supplier to rotate the rotary member and the
pipe in response to an instruction for rotating the pipe
inputted from the operating unit.

[0010] In the fuel supply system of the present inven-
tion, the control unit may determine whether the pipe is
under a predetermined condition based on the image of
the pipe of the fuel supplier captured at the image cap-
turing device. If the control unit determines that the pipe
of the fuel supplier is not under the predetermined con-
dition, the control unit may control the driving unit of the
fuel supplier to rotate the rotary member and the pipe.
[0011] Further, the control unit may control the driving
unit of the fuel supplier to rotate the rotary member and
the pipe by a predetermined angle at predetermined time
intervals.

[0012] Also, the driving unit may include a hollow step-
ping motor, and an actuator disposed on the rotary mem-



3 EP 3 556 871 A1 4

ber of the fuel supplier may be disposed in a hollow por-
tion of the hollow stepping motor to rotate the rotary mem-
ber by the hollow stepping motor.

BRIEF DESCRIPTION OF DRAWINGS
[0013]

Fig. 1 is a schematic configurational view of a blast
furnace and a main control room according to an
embodiment of the present invention.

Fig. 2is a configurational view of afuel supply system
supplying fuel, such as pulverized coal, to the blast
furnace illustrated in Fig. 1.

Fig. 3 is a side view of an example configuration of
the fuel supplier of the fuel supply system illustrated
in Fig. 2.

Fig. 4 is an enlarged longitudinal cross-section of the
internal configuration of the fuel supplier illustrated
in Fig. 3.

Fig. 5 is an exploded view of the components of the
fuel supplier illustrated in Fig. 3.

Fig. 6 is a perspective view of the fuel supplier illus-
trated in Fig. 3 before a cap is fixed to a cylinder.
Fig. 7 is a perspective view of the fuel supplier illus-
trated in Fig. 3 after the cap is fixed to the cylinder.
Fig. 8 is a longitudinal cross-section of the fuel sup-
plier illustrated in Fig. 3 including a pipe having a
deformed end in the tuyere of the blast furnace.
Fig. 9 is a perspective view of the configuration of a
hollow stepping motor of the fuel supplier illustrated
in Fig. 3.

Fig. 10 is a longitudinal cross-section of another ex-
ample configuration of a fuel supplier of the fuel sup-
ply system illustrated in Fig. 2.

DESCRIPTION OF EMBODIMENTS

[0014] Embodiments of the present invention will now
be described with reference to the accompanying draw-
ings. Figs. 1to 9 illustrate a fuel supply system according
to an embodiment and a blast furnace which is to be
supplied with fuel, such as pulverized coal, from the fuel
supply system. Fig. 1 is a schematic configurational view
of a blast furnace and a main control room according to
the embodiment. Fig. 2 is a configurational view of the
fuel supply system feeding fuel, such as pulverized coal,
to the blast furnace illustrated in Fig. 1. Fig. 3 is a side
view of an example configuration of a fuel supplier of the
fuel supply system illustrated in Fig. 2. Fig. 4 is an en-
larged longitudinal cross-section of the internal configu-
ration of the fuel supplier illustrated in Fig. 3. Fig. 5is an
exploded view of the components of the fuel supplier il-
lustrated in Fig. 3. Fig. 6 is a perspective view of the fuel
supplier illustrated in Fig. 3 before a cap is fixed to a
cylinder. Fig. 7 is a perspective view of the fuel supplier
illustrated in Fig. 3 after the cap is fixed to the cylinder.
Fig. 8 is a longitudinal cross-section of the fuel supplier
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illustrated in Fig. 3 including a pipe having a deformed
end in the tuyere of the blast furnace. Fig. 9 is a perspec-
tive view of the configuration of a hollow stepping motor
of the fuel supplier illustrated in Fig. 3.

[0015] The configuration of a blast furnace 1, which is
to be supplied with fuel, such as pulverized coal, from
the fuel supply system according to the embodiment, is
now described with reference to Fig. 1. The blast furnace
1 is a vertically cylindrical structure having an outer face
covered with a steel plate and an inner face lined with a
refractory. The blast furnace 1 includes about 20 to 50
tuyeres 2 radially extending from the side face of the
hearth of the blast furnace 1. Hot blasts of air passing
through hot air-blast stoves 3 and blast tubes 4, such as
hot-air tubes, are blown through the water-cooled copper
tuyeres 2 into the blast furnace 1. A tap port for discharg-
ing molten iron and a slag port for discharging molten
slag are separately disposed below the tuyeres 2. The
fuel supplier (PC burner) 10 (described below) is config-
ured to inject fuel, such as pulverized coal, into the fur-
nace through the tuyeres 2. In detail, each tuyere 2 of
the blast furnace 1 is provided with the corresponding
blast tube 4, and a pipe 20 (described below) of the fuel
supplier 10 is configured to be disposed in the blast tube
4 such that the front end portion of the pipe 20 extends
from the tuyere 2 to the interior of the furnace, as illus-
trated in Fig. 2.

[0016] More specifically, each blast tube 4 is provided
with a mating portion 5, such as a flange, to receive pro-
jections 32 (described below) of the fuel supplier 10. Fix-
ing the projections 32 of the fuel supplier 10 to the mating
portion 5 causes the pipe 20 (described below) of the
fuel supplier 10 to be disposed in the blast tube 4, as
illustrated in Fig. 2. The blast tube 4 is provided with an
inspection window 6 composed of a transparent glass
through which the inside of the blast tubes 4 can be ob-
served. An image capturing device 8, such as a CCD
camera for capturing internal images of the blast tubes
4 is disposed on the outer face of the inspection window
6. The image capturing device 8 also captures images
of the pipe 20 of the fuel supplier 10 disposed in the blast
tube 4. Still and video images captured at the image cap-
turing device 8 are sent to a controller 108 of a control
unit 102 described below.

[0017] With reference to Figs. 1 and 2, the control unit
102 controlling the fuel supplier 10 is disposed in a main
control room 100 disposed at a site other than that of the
blast furnace 1. The control unit 102 includes an operat-
ing unit 104, such as a keyboard, a display 106, such as
a large panel, and the controller 108, such as a CPU.
The still and video images captured by the image cap-
turing device 8 appear on the display 106 of the control
unit 102. In this embodiment, about 20 to 50 tuyeres 2
radially extend from the side face of the hearth of the
blast furnace 1, and the blast tubes 4 disposed on the
tuyeres 2 respectively are provided with image capturing
devices 8. The display 106 of the control unit 102 simul-
taneously or alternatingly displays multiple still or video
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images captured at the image capturing devices 8. The
site worker can operate the operating unit 104 and input
various commands to the controller 108.

[0018] The configuration of the fuel supplier (PC burn-
er) 10 of the fuel supply system according to the embod-
iment will now be described with reference to Figs. 3 to
9. The fuel supplier 10 according to the embodiment in-
cludes a cylinder (sleeve) 30 attachable to the mating
portion 5, such as a flange, of the blast tube 4 of the blast
furnace 1, a hollow rotary member (adaptor) 40 rotatably
disposed in the cylinder 30 and having a base end
through which fuel is to be fed into the rotary member
40, a pipe (lance pipe) 20 detachably fixed to the end
(adjacent to the blast furnace 1) of the rotary member 40
and having a front end through which fuel is to be fed
into the blast furnace 1, and a cap 60 detachably fixed
to the cylinder 30 and holding the rotary member 40 in
the cylinder 30. A spring 50 is disposed in the cylinder
30 and functions as an urging member biasing a second
sealing face 44 (described below) of the rotary member
40 to a first sealing face 34 (described below) of the cyl-
inder 30. An actuator 70 for rotating the rotary member
40 is fixed, for example, by welding, to the rotary member
40. These components of the fuel supplier 10 are de-
scribed in detail below.

[0019] The pipe (lance pipe)20is a long thin pipe made
of a heat-resistant material, such as stainless steel. The
base end portion (fixed to the rotary member 40) of the
pipe 20 has a thread ridge or an external thread 22 (sec-
ond engaging portion) on the outer periphery (refer to
Fig. 4). The front end portion (adjacent to the blast fur-
nace 1) of the hollow rotary member 40 (described below)
has a tapped hole or internal thread 42 (second engaged
portion) on the inner periphery. The thread ridge or ex-
ternal thread 22 of the pipe 20 is screwed into the internal
thread 42. The pipe 20 is thus detachably fixed to the
end, adjacent to the blast furnace 1, of the rotary member
40. Fixing the pipe 20 to the rotary member 40 brings the
internal space of the pipe 20 into communication with the
internal space of the rotary member 40.

[0020] Several, for example, three projections 32 radi-
ally extend from the outer periphery of the cylinder or
sleeve 30 substantially at an end, adjacent to the blast
furnace 1, of the cylinder. The projections 32 facilitate
fixation of the cylinder 30 to the mating portion 5, such
as aflange, of the blast tube 4 of the blast furnace 1. The
projections 32 of the cylinder 30 are inserted in the holes
in the mating portion 5 and then rotated to fix the cylinder
30 to the blast tube 4 of the blast furnace 1. When fixing
the cylinder 30 to the blast tube 4 of the blast furnace1,
in place of the insertion and rotation of the projections 32
in the holes of the mating portion 5, the cylinder 30 may
be fixed to the blast tube 4 of the blast furnace 1 with
keys, such as cotters. Several, for example, four fins 38
radially extend from the outer periphery of the cylinder
30. The cylinder 30 has a first sealing face 34 along its
entire inner periphery. The first sealing face 34 is tapered
in the longitudinal direction (i.e., the horizontal direction
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in Figs. 4 and 5) of the cylinder 30. The cylinder 30 has
two locking holes 39 on the outer periphery near its base
end (remote from the blast furnace 1). The cap 60 en-
gaging with the cylinder 30 is secured to the cylinder 30
with a rod-like locking pin 66 extending through the lock-
ing holes 39 (refer to Figs. 6 and 7).

[0021] Withreference to Figs.4 and 5, the hollow rotary
member (adaptor) 40 has a second sealing face 44 along
its outer periphery in the middle of the longitudinal direc-
tion. Accommodating the rotary member 40 in the cylin-
der 30 brings the second sealing face 44 into sealing
contact with the first sealing face 34. The second sealing
face 44 is tapered in the longitudinal direction (i.e., the
horizontal direction in Figs. 4 and 5) of the rotary member
40. The close contact of the second sealing face 44 of
the rotary member 40 accommodated in the cylinder 30
with the first sealing face 34 of the cylinder 30 can prevent
leakage of gases and dusts from a gap between the cyl-
inder 30 and the rotary member 40 to the exterior of the
cylinder 30. The base end (remote from the blast furnace
1) of the rotary member 40 is fixed, for example, by weld-
ing, to the actuator 70 (described below). The rotary
member 40 can be rotated in the cylinder 30 by the ac-
tuator 70.

[0022] The cap 60 is detachably fixed to the base end
(remote from the blastfurnace 1) of the cylinder 30. Fixing
the cap 60 to the cylinder 30 holds the rotary member 40
in the cylinder 30. In detail, the cap 60 has a thread ridge
or an external thread (first engaging portion) 62 on the
outer periphery of the front end portion (adjacent to the
blast furnace 1), as illustrated in Figs. 5 and 6. The cyl-
inder 30 has a tapped hole or an internal thread (first
engaged portion) 36 on the inner periphery of the base
end portion. The external thread 62 of the cap 60 is
screwed into the internal thread 36 of the cylinder 30.
The cap 60 is thus detachably fixed to the base end of
the cylinder 30. After the engagement of the cap 60 to
the cylinder 30, the locking pin 66 is inserted through the
two locking holes 39, and the cap 60 is thereby secured
to the cylinder 30, as illustrated in Fig. 7. In the embod-
iment, the locking holes 39 and the locking pin 66 function
as alocking mechanism for securing the cap 60 engaging
with the cylinder 30 to the cylinder 30.

[0023] With reference to Fig. 4, the spring 50 is dis-
posed around the rotary member 40 in the cylinder 30.
The spring 50 is in contact with the cap 60 at one end.
Accommodating the rotary member 40 and the spring 50
in the cylinder 30 and engaging the cap 60 with the base
end of the cylinder 30 bring the spring 50 into a com-
pressed state. The resilient force of the spring 50 from
the compressed state urges the rotary member 40 to the
left in Fig. 4. The second sealing face 44 of the rotary
member 40 is thereby biased to the first sealing face 34
of the cylinder 30, and the first sealing face 34 is in closer
contact with the second sealing face 44. In other words,
the spring 50 functions as an urging member biasing the
second sealing face 44 of the rotary member 40 to the
first sealing face 34 of the cylinder 30. Such a spring 50
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brings the second sealing face 44 into closer contact with
the first sealing face 34 and thus can prevent leakage of
gases and dusts from a gap between the first sealing
face 34 and the second sealing face 44 with more cer-
tainty.

[0024] The actuator 70 is hollow and is fixed, for ex-
ample, by welding to the base end (remote from the blast
furnace 1) of the rotary member 40. The internal space
of the actuator 70 is in communication with the internal
space of the rotary member 40. A hollow stepping motor
90 is fixed to the actuator 70, as illustrated in Fig. 9. The
hollow stepping motor 90 rotates the actuator 70. In de-
tail, the actuator 70 has a power transmitter 72 having a
circular cross-section. The power transmitter 72 is dis-
posed in the hollow portion 92 of the hollow stepping
motor 90. The hollow stepping motor 90 thereby rotates
the power transmitter 72 of the actuator 70. The hollow
stepping motor 90 is connected to the controller 108 of
the control unit 102 via signal lines. Control signals sent
from the controller 108 to the hollow stepping motor 90
instruct the hollow stepping motor 90 to rotate the power
transmitter 72 of the actuator 70. The actuator 70 is con-
nectable to a fuel supply hose 80 through which fuel,
such as pulverized coal, is to be fed in the internal space
of the actuator 70. The actuator 70 may be directly con-
nected to the hose 80 or may be connected to the hose
80 with a hollow tube. Alternatively, the actuator 70 may
be connected to the hose 80 with a valve. The actuator
70 may be directly connected to a flexible hose through
which fuel is to be fed in the internal space of the actuator
70.

[0025] The hollow stepping motor 90 serving as a driv-
ing unit to rotate the actuator 70 fixed to the rotary mem-
ber 40 can control the precise alignment of the pipe 20
and the rotary member 40. The hollow stepping motor
90 can clockwise or counterclockwise rotate the pipe 20,
the rotary member 40, and the actuator 70. The hollow
stepping motor 90, which is disposed around the power
transmitter 72 of the actuator 70, contributes to design
of a fuel supplier 10 having reduced dimensions.
[0026] A process of assembling the fuel supplier 10
will now be described with reference to Figs. 5 to 7. For
simplicity, the pipe 20 and the hose 80 are not depicted
in Figs.6and 7.

[0027] At the start of the assembly of the fuel supplier
10, the rotary member 40 and the spring 50 are accom-
modated in the cylinder 30 such that the spring 50 is
disposed around the rotary member 40. Fig. 6 illustrates
the cylinder 30 accommodating the rotary member 40
and the spring 50. The cap 60 is then fixed to the base
end of the cylinder 30 to prevent detachment of the rotary
member 40 and the spring 50 from the base end to the
exterior of the cylinder 30. In detail, the external thread
62 of the cap 60 is screwed into the internal thread 36 of
the cylinder 30. After the engagement of the cap 60, the
actuator 70 in connection with the fuel supply hose 80 is
fixed, for example, by welding to the base end of the
rotary member 40. Fig. 7 illustrates the cylinder 30 with
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the cap 60 fixed to the base end of the cylinder 30. At
the end of the assembling process, the base end of the
pipe 20 is fixed to the front end of the rotary member 40.
In detail, the external thread 22 of the pipe 20 is screwed
into the internal thread 42 of the rotary member 40. The
fuel supply system 10 illustrated in Figs. 3 and 4 is as-
sembled through the process described above.

[0028] The fuel supply system according to the em-
bodiment includes the fuel supplier 10, the image cap-
turing device 8, and the control unit 102 to inject fuel,
such as pulverized coal, from the tuyere 2 of the blast
furnace 1 to the interior of the furnace.

[0029] Now described is how to use the fuel supplier
10. Before the start of feed of fuel, such as pulverized
coal, into the blast furnace 1 with the fuel supplier 10, the
projections 32 of the cylinder 30 are fixed to the mating
portion 5, such as a flange, of the blast tube 4 of the blast
furnace 1 such that the pipe 20 of the fuel supplier 10 is
inserted into the blast tube 4 of the tuyere 2 of the blast
furnace 1 and the front end portion of the pipe 20 extends
from the tuyere 2 to the interior of the furnace. Fuel, such
as pulverized coal, is fed through the fuel supply hose
80 in the internal space of the actuator 70, so that the
fuel passes through the internal space of the actuator 70,
the internal space of the rotary member 40, and the in-
ternal space of the pipe 20, in this order, and is injected
through the front end of the pipe 20 in the blast furnace 1.
[0030] After a long-term use of the pipe 20 of the fuel
supplier 10, the pipe 20 may be thermally deformed, as
illustrated in Fig. 8, causing a risk of contact with the
tuyere 2 or any other component. To avoid the risk in this
embodiment, the still and video images of the pipe 20
captured at the image capturing device 8, suchas a CCD
camera, appear on the display 106 of the control unit 102
disposed in the main control room 100 so that the site
worker can detect the beginning of deformation of the
pipe 20. Upon such detection, the site worker can operate
the operating unit 104 of the control unit 102 to input an
instruction for driving the hollow stepping motor 90, so
that the hollow stepping motor 90 rotates the actuator
70. The pipe 20 and the rotary member 40 are thereby
rotated together to expose the front end portion of the
pipe 20 to heat ata different position. Such an appropriate
rotation of the pipe 20 by the operating unit 104 of the
control unit 102 operated by the site worker enables uni-
form thermal application to the entire periphery of the
pipe 20, preventing deformation, such as flexure in one
direction, of the pipe 20 under its own weight in a high
temperature environment.

[0031] A process will now be described for mainte-
nance of the fuel supply system 10. The fuel supplier 10
according to the embodiment requires occasional re-
placement of the pipe 20 because the front end portion
of the pipe 20 is prone to be thermally damaged in the
blast furnace 1. Since the pipe 20 is detachable from the
rotary member 40, the replacement of the pipe 20 does
not involve detachment of the cap 60 from the cylinder
30. Only the pipe 20 can be detached while the rotary
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member 40 resides in the cylinder 30. In other words, the
pipe 20 can be replaced with a new one while the first
sealing face 34 of the cylinder 30 is in close contact with
the second sealing face 44 of the rotary member 40. This
configuration can prevent deposition of dusts onto the
first sealing face 34 and the second sealing face 44 and
scratches on the first sealing face 34 and the second
sealing face 44.

[0032] The rotary member 40 of the fuel supplier 10
according to the embodiment wears and needs to be re-
placed with a new one once a year, in general. Since the
cap 60 is detachable from the cylinder 30, the replace-
ment of the rotary member 40 requires detachment of
only the cap 60 from the cylinder 30. This configuration
can eliminate workload for the site workers in association
with the replacement of the cylinder 30.

[0033] In the fuel supply system according to the em-
bodiment having the configuration described above, the
pipe 20 of the fuel supplier 10 having a front end through
which fuel is to be fed into the blast furnace 1 is fixed to
an end, adjacent to the blast furnace 1, of the hollow
rotary member 40. The rotary member 40 rotatably re-
sides in the cylinder 30. The rotary member 40 is rota-
tionally driven by the hollow stepping motor 90. The con-
trol unit 102, disposed separately from the fuel supplier
10, controls the hollow stepping motor 90 to rotate the
rotary member 40 and the pipe 20. In such a fuel supply
system, the hollow stepping motor 90 can rotate the pipe
20 at the beginning of the thermal deformation of the pipe
20 under an airtight condition so thatthe deformed portion
is moved to a different position. Such a rotation can keep
the pipe 20 in a substantially linear shape for a long time,
and thus can efficiently prevent damage to the tuyere 2
of the blast furnace 1 and a decrease in combustion ef-
ficiency. The control unit 102, disposed separately from
the fuel supplier 10, can control the hollow stepping motor
90 to rotate the pipe 20. Thus, the site worker needs not
to manually rotate the pipe 20 at the site of the blast
furnace and thus reduces the workload for the site work-
er. In particular, the control unit 102 disposed in the main
control room 100 can be operated by a site worker to
remotely control the rotation of the pipe 20 of the fuel
supplier 10.

[0034] As described above, the fuel supply system ac-
cording the embodiment includes the image capturing
device 8 for capturing images of the pipe 20 of the fuel
supplier 10 disposed in the blast tube 4 of the blast fur-
nace 1. This configuration enables monitoring of the con-
dition of the pipe 20 of the fuel supplier 10 disposed in
the blast tube 4 of the blast furnace 1.

[0035] As described above, the control unit 102 of the
fuel supply system according to the embodimentincludes
the controller 108 controlling the hollow stepping motor
90 of the fuel supplier 10, the display 106 displaying im-
ages of the pipe 20 captured at the image capturing de-
vice 8, and the operating unit 104 operated by an oper-
ator, such as a site worker. The controller 108 controls
the hollow stepping motor 90 of the fuel supplier 10 to
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rotate the rotary member 40 and the pipe 20 in response
to an instruction for rotating the pipe 20 inputted from the
operating unit 104. In this way, the site worker can ob-
serve the images of the pipe 20 captured at the image
capturing device 8 appearing on the display 106 of the
control unit 102 to confirm the condition of the pipe 20.
If the site worker detects deformation of the pipe 20, he
or she can operate the operating unit 104 of the control
unit 102 to input an instruction for driving the hollow step-
ping motor 90. In response, the hollow stepping motor
90 rotates the actuator 70 and thereby the pipe 20 and
the rotary member 40 rotate together. This exposes a
different position of the front end portion of the pipe 20
to heat. In the embodiment, the term "images" appearing
on the display 106 refers to not only still images of the
pipe 20 but also video images (moving images) of the
pipe 20.

[0036] Inthe fuel supplier 10 of the fuel supply system
according to the embodiment, the hollow rotary member
40 having a base end through which fuel is to be fed in
the internal space rotatably resides in the cylinder 30,
the pipe 20 having a front end through which the fuel is
to be fed into the blast furnace 1 is detachably fixed to
an end (adjacentto the blastfurnace 1) of the rotary mem-
ber 40, and the cap 60 holding the rotary member 40 in
the cylinder 30 is detachably fixed to the cylinder 30. In
this configuration, the pipe 20 can be replaced without
involving exposure of the sealing faces (in specific, the
first sealing face 34 and the second sealing face 44) be-
tween the cylinder 30 fixed to the mating portion 5, such
as a flange, of the blast tube 4 of the blast furnace 1 and
the rotary member 40. Such replacement can reduce the
workload of the site worker. In other words, the cap 60
functions as a protective cover for the first sealing face
34 and the second sealing face 44.

[0037] The embodiment described above should not
be construed to limit the scope of the present invention,
and various modifications can be made on the fuel supply
system.

[0038] For example, the driving unit rotating the actu-
ator 70 of the fuel supplier 10 should not be limited to the
hollow stepping motor 90. Any other driving unit that can
rotate the actuator 70 may be used. For example, the
power transmitter 72 of the actuator 70 may be serrated
and rotated by a rack-and-pinion driving unit.

[0039] Theimage capturing device 8 should not be lim-
ited toa CCD camera. Any image capturing device 8 may
be used to capture images of the pipe 20 of the fuel sup-
plier 10 disposed in the blast tube 4, besides a CCD cam-
era.

[0040] The control unit 102 should not be limited to that
including the operating unit 104, such as a keyboard, and
the display 106, such as a large panel. Alternatively, the
control unit 102 may include a touch panel functioning
as both the operating unit 104 and the display 106. The
control unit 102 may be disposed at any location besides
the main control room 100. For example, the control unit
102 may be disposed near the blast tube 4 in site of the
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blast furnace 1. Alternatively, the control unit 102 may
be a portable information terminal, such as a smartphone
or a tablet PC.

[0041] In the embodiment described above, the con-
troller 108 controls the hollow stepping motor 90 of the
fuel supplier 10 to rotate the rotary member 40 and the
pipe 20 in response to an input of an instruction for ro-
tating the rotary member 40 and the pipe 20 via the op-
erating unit 104. Alternatively, the hollow stepping motor
90 of the fuel supplier 10 may be controlled through any
other scheme. For example, the controller 108 may de-
termine whether the pipe 20 is under a predetermined
condition (in specific, extending in a linear shape) on the
basis of images of the pipe 20 of the fuel supplier 10
captured at the image capturing device 8, even without
an instruction from the operating unit 104 operated by an
operator, such as a site worker. If the controller 108 de-
termines that the pipe 20 of the fuel supplier 10 is not
under the predetermined condition, the controller 108
may automatically drive the hollow stepping motor 90 of
the fuel supplier 10. In specific, if the controller 108 de-
termines the beginning of deformation of the pipe 20 on
the basis of images of the pipe 20 of the fuel supplier 10
captured at the image capturing device 8, the controller
108 may automatically drive the hollow stepping motor
90 of the fuel supplier 10. In detail, the control unit 102
is provided with a memory unit (not shown) for storing
images of the pipe 20 of the fuel supplier 10 disposed in
the blast tube 4 under a predetermined condition (i.e.,
extending in a linear shape). The controller 108 com-
pares the images of the pipe 20 of the fuel supplier 10
captured at the image capturing device 8 and the images
of the pipe 20 stored in the memory unit and, if the com-
pared images significantly differ, determines that the pipe
20 of the fuel supplier 10 is not under the predetermined
condition (i.e., is at the beginning of deformation). Such
a control process does not require the control unit 102
to be provided with the operating unit 104 and the display
106.

[0042] As another scheme of controlling the hollow
stepping motor 90 of the fuel supplier 10, the control unit
102 may control the hollow stepping motor 90 of the fuel
supplier 10 to rotate the rotary member 40 and the pipe
20 by a predetermined angle at predetermined time in-
tervals, even without an instruction from the operating
unit 104 operated by an operator, such as a site worker.
In specific, the control unit 102 controls the hollow step-
ping motor 90 of the fuel supplier 10 to rotate the rotary
member 40 and the pipe 20, for example, by 30 every 24
hours. In this way, the hollow stepping motor 90 rotates
the pipe 20 by a predetermined angle at predetermined
time intervals to move the deformed portion to a different
position, even without management of the operator, such
as the site worker. Such rotation can keep the pipe 20 in
a substantially linear shape for a long time. Such a control
process does not require the control unit 102 to be pro-
vided with the operating unit 104 and the display 106 and
allows omission of the image capturing device 8.
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[0043] The fuel supplier of the fuel supply system ac-
cording to the embodiment should not be limited to that
illustrated in Figs. 3 to 7. Another embodiment of the fuel
supply system will now be described with reference to
Fig. 10. Fig. 10 is a longitudinal cross-section of another
example configuration of a fuel supplier of the fuel supply
system illustrated in Fig. 2.

[0044] Afuelsupplier (PC burner) 201 illustrated in Fig.
10 includes a pipe (lance pipe) 202 composed of a thin
linear tube disposed in the central portion of the fuel sup-
plier 201, a lance pipe guide (not shown) disposed on
the exterior of the pipe 202, and a sheath (not shown)
disposed on the lance pipe guide on the section rearward
of the intermediate portion in the longitudinal direction.
A connector 205 is disposed at the rear end of the fuel
supplier 201.

[0045] The pipe 202 is a thin pipe composed of a heat
resistant material, such as stainless steel. Projections
207 are radially disposed on the pipe 202 in the interme-
diate portion to support the pipe 202 in the central portion
of the lance pipe guide. Fixing the projections 207 of the
fuel supplier 201 to the mating portion 5, such as flange,
of the blast tube 4 causes the pipe 202 of the fuel supplier
201 to be disposed in the blast tube 4, thereby causing
the front end portion of the pipe 202 to extend from the
tuyere 2 to the interior of the blast furnace 1.

[0046] The rear end of the pipe 202 is connected to
the connector 205, asillustrated in Fig. 10. The connector
205 includes a sleeve 210, a pipe flange 212, and an
adapter 214. The inner face of the sleeve 210 has an
internal thread 210a in which the pipe flange 212 is
screwed.

[0047] The pipe flange 212 has a central through-hole
having a diameter larger than that of the pipe 202 and
has a collar 216 at the front end of the pipe flange 212.
The collar 216 is integrated with a threaded cylinder 217
disposed on the rear of the collar 216. The threaded cyl-
inder 217 has an external thread 217a that is screwed
into the internal thread 210a of the sleeve 210.

[0048] The adapter 214 is equivalent to a typical re-
ducer. The adapter 214 has a through-hole 218 in the
center and a flaring portion 214a from which the pipe 202
is fitted, on the front end. The through-hole 218 is tapered
from the intermediate portion in the longitudinal direction
to the rear portion such that the diameter increases to-
ward the rear portion. The rear end of the adapter 214
has a large-diameter opening 214b connectable to a
hose 230 for feeding a raw material or pulverized coal.
[0049] The outer circumference of the front end of the
adapter 214 has a flange 214c. A spring 222 is fit around
the adapter 214 between the flange 214c and the rear
end of the sleeve 210 to bias the adapter 214 forward
(leftward in Fig. 10). In the embodiment illustrated in Fig.
10, the adapter 214 is movable in the front-rear direction
inside the sleeve 210. A thrust bearing 220 is fit to the
outer circumference of the adapter 214, as illustrated in
Fig. 10. The thrust bearing 220 prevents the adapter 214
and the sleeve 210 from rotating together.
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[0050] A chamfered face 225 is disposed along the en-
tire outer circumference of the front end of the adapter
214. Achamfered face 226 is disposed on the entire inner
circumference of the rear end of the threaded cylinder
217 of the pipe flange 212. The chamfered faces 225 and
226 are sealing faces in close contact with each other
and serve as a sealing member (metal packing) for pre-
venting flow of gases. Alternatively, a chamfered face
may be provided on the inner circumference of the adapt-
er 214 and another chamfered face may be provided on
the outer circumference of the pipe flange 212, to con-
stitute a sealing member (metal packing) having male
and female components opposite to those of the former
sealing member. The rear portion of the adapter 214 is
connectable to the hose 230 for feeding pulverized coal.
[0051] In an assembled state as illustrated in Fig. 10,
the back face of the collar 216 of the pipe flange 212 is
in contact with the front end face of the sleeve 210 and
the rear end of the pipe flange 212 is in contact with the
front end of the adapter 214. In this state, the chamfered
face 226 of the pipe flange 212 comes into close contact
with the chamfered face 225 of the adapter 214 along
the entire circumference, to prevent flow of gases and
dusts.

[0052] In the assembled state, the urging force of the
spring 222 maintains the close contact between the
adapter 214 and the pipe flange 212. The thrust bearing
220, which is disposed as illustrated in Fig. 10, transfers
the urging force of the spring 222 to the adapter 214.
[0053] During operation of the blast furnace 1, fuel,
such as pulverized coal, heavy oil, or waste plastic, is
fed through the pipe 202 and injected into the furnace
together with a blast from the interior of the blast tube 4.
[0054] The adapter214includes ahollow stepping mo-
tor 290, which has a configuration similar to that of the
hollow stepping motor 90 illustrated in Fig. 9. The hollow
stepping motor 290 rotates the adapter 214. In detail, the
adapter 214 includes a power transmitter 214d having a
circular cross-section. The power transmitter 214d is dis-
posed in the hollow portion of the hollow stepping motor
290. This configuration enables the hollow stepping mo-
tor 290 to rotate the power transmitter 214d of the adapter
214. The hollow stepping motor 290 is connected to the
controller 108 of the control unit 102 via signal lines. Con-
trol signals sentfrom the controller 108 to the hollow step-
ping motor 290 instruct the hollow stepping motor 290 to
rotate the power transmitter 214d of the adapter 214.
[0055] In such a fuel supplier 201, the control unit 102
disposed separately from the fuel supplier 201 controls
the hollow stepping motor 290 to rotate the adapter 214
and the pipe 202, like the fuel supplier 10 illustrated in
Figs. 3to 7. In such a fuel supply system, the control unit
102 disposed separately from the fuel supplier 201 can
control the hollow stepping motor 290 to rotate the pipe
202. Thus, the site worker needs not to manually rotate
the pipe 202 at the site of the blast furnace and thus bears
a reduced workload.
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Claims

1.

A fuel supply system comprising:
a fuel supplier comprising:

a cylinder attachable to a mating portion of
a blast tube of a blast furnace;

a hollow rotary member rotatably disposed
in the cylinder and having a base end
through which fuel is to be fed in the internal
space of the rotary member;

a pipe fixed to an end of the rotary member
and having a front end through which fuel
is to be fed into the blast furnace, the end
being adjacent to the blast furnace; and

a driving unit rotating the rotary member;
and

a control unit disposed separate from the fuel
supplier and controlling the driving unit of the
fuel supplier to rotate the rotary member and the

pipe.

The fuel supply system according to claim 1, further
comprising an image capturing device capturing an
image of the pipe of the fuel supplier disposed in the
blast tube of the blast furnace.

The fuel supply system according to claim 2, wherein
the control unit comprises:

a controller controlling the driving unit of the fuel
supplier;

a display displaying the image of the pipe cap-
tured at the image capturing device; and

an operating unit operated by an operator, and
the controller controls the driving unit of the fuel
supplier to rotate the rotary member and the pipe
inresponse to an instruction for rotating the pipe
inputted from the operating unit.

The fuel supply system according to claim 2, wherein
the control unit determines whether the pipe is under
a predetermined condition based on the image of
the pipe of the fuel supplier captured at the image
capturing device, and, if the control unit determines
that the pipe of the fuel supplier is not under the pre-
determined condition, controls the driving unit of the
fuel supplier to rotate the rotary member and the

pipe.

The fuel supply system according to claim 1, wherein
the control unit controls the driving unit of the fuel
supplier to rotate the rotary member and the pipe by
a predetermined angle at predetermined time inter-
vals.
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The fuel supply system according to any one of
claims 1 to 5, wherein the driving unit comprises a
hollow stepping motor, and an actuator disposed on
the rotary member of the fuel supplier is disposed in
ahollow portion of the hollow stepping motor to rotate
the rotary member by the hollow stepping motor.
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