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(57) [Object] An object is to provide an anomaly de-
termining apparatus and method capable of detecting
not only a state anomaly, but also a premonitory sign of
state anomaly in a blast furnace.

[Solution] An anomaly determining apparatus 10 de-
tects an anomaly in a blast furnace 1 using a plurality of
sensors S1 to Sn installed at different positions of the
blast furnace 1. The anomaly determining apparatus 10
includes an evaluation value calculating unit 11 config-
ured to calculate an evaluation value from a plurality of
pieces of measurement data D1 to Dn detected by the
plurality of sensors S1 to Sn, and an anomaly detecting
unit 12 configured to detect an anomaly in the blast fur-
nace 1 on the basis of the evaluation value EV calculated
by the evaluation value calculating unit 11 using an anom-
aly threshold EVref1 and an anomaly premonitory sign
threshold EVref2 smaller than the anomaly threshold
EVref1. If the evaluation value EV is greater than the
anomaly threshold EVref1, the anomaly detecting unit 12
determines that there is an anomaly, and if a period dur-
ing which the evaluation value EV is greater than the
anomaly premonitory sign threshold EVref2 continues for
a set period PT or longer, the anomaly detecting unit 12
determines that there is a premonitory sign of anomaly.
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Description

Technical Field

[0001] The present invention relates to a blast furnace
anomaly determining apparatus and a blast furnace
anomaly determining method that detect an anomaly,
such as hanging or gas-channeling, associated with poor
gas permeability in a blast furnace, a blast furnace op-
erating method using the blast furnace anomaly deter-
mining apparatus, and a hot metal producing method.

Background Art

[0002] In a blast furnace for producing pig iron, iron ore
and coke, which are raw materials, are typically alter-
nately supplied through the furnace top and charged in
ore and coke layers. The flow of gas in the furnace is
controlled by adjusting the distribution of the ore and coke
layers after charging in the furnace.
[0003] If deterioration of gas permeability in the blast
furnace obstructs the smooth flow of gas in the furnace,
there may be the occurrence of a furnace condition anom-
aly. The furnace condition anomaly refers to a state that
significantly deviates from a steady state. Examples of
the furnace condition anomaly are (1) to (3) below:

(1) "hanging" meaning that sequential descent of ore
and coke from the upper part of the furnace is
stopped;
(2) "slipping" meaning that ore and coke at rest sud-
denly begin to descend; and
(3) "gas-channeling" meaning that a high-tempera-
ture gas supplied from the lower part of the furnace
is abruptly blown out toward the upper part of the
furnace.

[0004] For example, gas-channeling causes a prob-
lem, such as damage to facilities at the furnace top or
reduction of furnace heat. To prevent the occurrence of
furnace condition anomalies, it is important to quickly and
accurately recognize the gas permeability state and al-
ways maintain good conditions in the furnace.
[0005] As an index indicating gas permeability in the
furnace, gas permeability resistance has been conven-
tionally used, which is calculated for example from a dif-
ference between furnace top pressure and blast pres-
sure. For example, Patent Literature 1 proposes a tech-
nique that detects a blast furnace anomaly from shaft
pressure data on the basis of principal component anal-
ysis. The technique disclosed in Patent Literature 1 in-
volves calculating, for example, a Q statistic from a plu-
rality of shaft pressures at different positions of the blast
furnace using principal component analysis, and per-
forming an anomaly determination on the basis of the Q
statistic.

Citation List

Patent Literature

[0006] PTL 1: Japanese Unexamined Patent Applica-
tion Publication No. 2017-128805

Summary of Invention

Technical Problem

[0007] Raw materials fed through the furnace top de-
scend over a long time (e.g., about eight hours) to reach
the lower part of the furnace, and conditions in the furnace
slowly change accordingly. This means that the gas per-
meability state may deteriorate gradually, if any, not
abruptly. Since such slow deterioration of a state may
also cause future troubles, it is desirable to take appro-
priate measures, such as blast volume reduction, at an
early stage.
[0008] However, when an anomaly determination is
made using only one threshold as in Patent Literature 1,
it is difficult to detect a gradually deteriorating state. Also,
when the threshold for anomaly determination is lowered
to perform earlier anomaly detection, a frequent occur-
rence of overdetection makes it difficult to perform the
original function of the anomaly detection.
[0009] Accordingly, the present invention aims to pro-
vide an anomaly determining apparatus and method ca-
pable of detecting not only a state anomaly, but also a
premonitory sign of state anomaly in a blast furnace.

Solution to Problem

[0010] The present invention provides the following
features to solve the problems described above:

[1] A blast furnace anomaly determining apparatus
that detects an anomaly in a blast furnace using a
plurality of sensors installed at different positions of
the blast furnace, the anomaly determining appara-
tus including an evaluation value calculating unit
configured to calculate an evaluation value from a
plurality of pieces of measurement data detected by
the plurality of sensors; and an anomaly detecting
unit configured to detect an anomaly in the blast fur-
nace on the basis of the evaluation value calculated
by the evaluation value calculating unit using an
anomaly threshold and an anomaly premonitory sign
threshold smaller than the anomaly threshold,
wherein if the evaluation value is greater than the
anomaly threshold, the anomaly detecting unit de-
termines that there is an anomaly, and if a period
during which the evaluation value is greater than the
anomaly premonitory sign threshold is longer than
or equal to a set period, the anomaly detecting unit
determines that there is a premonitory sign of anom-
aly.

1 2 
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[2] The blast furnace anomaly determining appara-
tus according to [1], wherein the anomaly detecting
unit determines, every predetermined determination
period, whether a cumulative period during which
the evaluation value is greater than the anomaly pre-
monitory sign threshold is longer than or equal to the
set period, and if the cumulative period is longer than
or equal to the set period, the anomaly detecting unit
determines that there is a premonitory sign of anom-
aly.
[3] The blast furnace anomaly determining appara-
tus according to [1] or [2], wherein if a time integral
of the evaluation value is greater than an integral
threshold, the anomaly detecting unit determines
that there is a premonitory sign of anomaly.
[4] The blast furnace anomaly determining appara-
tus according to any one of [1] to [3], wherein the
evaluation value calculating unit performs principal
component analysis on the plurality of pieces of
measurement data to calculate a Q statistic or a T2

statistic, and calculates the evaluation value on the
basis of the calculated Q statistic or T2 statistic.
[5] The blast furnace anomaly determining appara-
tus according to any one of [1] to [4], wherein the
plurality of sensors are constituted by shaft pressure
sensors installed at different positions in height di-
rection and different positions in circumferential di-
rection of the blast furnace.
[6] A blast furnace anomaly determining method for
detecting an anomaly in a blast furnace using a plu-
rality of sensors installed at different positions of the
blast furnace, the anomaly determining method in-
cluding an evaluation value calculating step of cal-
culating an evaluation value from a plurality of pieces
of measurement data detected by the plurality of sen-
sors; and an anomaly detecting step of detecting an
anomaly in the blast furnace on the basis of the cal-
culated evaluation value using an anomaly threshold
and an anomaly premonitory sign threshold smaller
than the anomaly threshold, wherein if the evaluation
value is greater than the anomaly threshold, the
anomaly detecting step determines that there is an
anomaly, and if a period during which the evaluation
value is greater than the anomaly threshold is longer
than or equal to a set period, the anomaly detecting
step determines that there is a premonitory sign of
anomaly.
[7] The blast furnace anomaly determining method
according to [6], wherein the anomaly premonitory
sign threshold is determined using an evaluation val-
ue of the plurality of pieces of measurement data
calculated when variation of some pressure values
of the plurality of pieces of measurement data during
usual operation exceeds a predetermined range of
variation in pressure values in a normal state.
[8] A blast furnace operating method including oper-
ating a blast furnace while making a determination
of an anomaly in the blast furnace using the blast

furnace anomaly determining apparatus according
to any one of [1] to [5].
[9] A hot metal producing method including produc-
ing hot metal with the blast furnace operating method
according to [8].

Advantageous Effects of Invention

[0011] By using the fact that the occurrence of an
anomaly is preceded by a premonitory sign of the anom-
aly, the anomaly determining apparatus and method ac-
cording to the present invention not only detect the oc-
currence of an anomaly when the evaluation value ex-
ceeds the anomaly threshold, but also detect a premon-
itory sign of anomaly when a period during which the
evaluation value is greater than the anomaly premonitory
sign threshold is longer than or equal to the set period.
This makes it possible to take preventive measures, such
as blast volume reduction, against anomalies at an early
stage to prevent operational troubles.

Brief Description of Drawings

[0012]

[Fig. 1] Fig. 1 is a block diagram illustrating a pre-
ferred embodiment of an anomaly determining ap-
paratus according to the present invention.
[Fig. 2] Fig. 2 is a graph illustrating two pieces of
measurement data measured by different sensors
in Fig. 1.
[Fig. 3] Fig. 3 is another graph illustrating two pieces
of measurement data measured by different sensors
in Fig. 1.
[Fig. 4] Fig. 4 is a graph showing an exemplary eval-
uation value calculated by an evaluation value cal-
culating unit illustrated in Fig. 1.
[Fig. 5] Fig. 5 is a graph showing how a premonitory
sign of anomaly is detected by an anomaly detecting
unit illustrated in Fig. 1.
[Fig. 6] Fig. 6 is a graph showing how the evaluation
value is time-integrated by the anomaly detecting
unit illustrated in Fig. 1.
[Fig. 7] Fig. 7 is a flowchart illustrating a preferred
embodiment of a blast furnace anomaly determining
method according to the present invention.

Description of Embodiments

[0013] Embodiments of the present invention will now
be described. Fig. 1 is a block diagram illustrating a pre-
ferred embodiment of a blast furnace anomaly determin-
ing apparatus according to the present invention. A con-
figuration of an anomaly determining apparatus 10 illus-
trated in Fig. 1 is implemented on a computer by execut-
ing a program stored in the computer. The blast furnace
anomaly determining apparatus 10 illustrated in Fig. 1 is
configured to detect an anomaly in the blast furnace 1

3 4 



EP 3 985 132 A1

4

5

10

15

20

25

30

35

40

45

50

55

using a plurality of sensors S1 to Sn installed at different
positions of the blast furnace.
[0014] For example, the plurality of sensors S1 to Sn
are a plurality of (e.g., 30) shaft pressure sensors in-
stalled at different positions in the height direction and
the circumferential direction of the blast furnace 1. A plu-
rality of pieces of measurement data D1 to Dn measured
by the respective sensors S1 to Sn are stored in a data-
base DB of the anomaly determining apparatus 10. The
blast furnace anomaly determining apparatus 10 detects
an anomaly and a premonitory sign of anomaly in the
blast furnace on the basis of the plurality of pieces of
measurement data D1 to Dn.
[0015] The blast furnace anomaly determining appa-
ratus 10 includes an evaluation value calculating unit 11,
an anomaly detecting unit 12, and an information output
unit 13. The evaluation value calculating unit 11 calcu-
lates an evaluation value EV from the plurality of pieces
of measurement data D1 to Dn detected by the plurality
of sensors S1 to Sn. For example, the evaluation value
calculating unit 11 calculates the evaluation value EV by
applying principal component analysis to the plurality of
pieces of measurement data D1 to Dn. The principal com-
ponent analysis (PCA) refers to a mathematical process
which involves transforming a plurality of data groups
through dimensionality reduction into variables reflecting
features of the original data, while reducing loss of infor-
mation content of the original data groups. Instead of
monitoring all the data groups, a few variables produced
by dimensionality reduction using principal component
analysis are monitored, so that the monitoring of condi-
tions in the furnace is simplified.
[0016] Fig. 2 and Fig. 3 are graphs illustrating two piec-
es of measurement data measured by different sensors
in Fig. 1. During normal operation in the blast furnace 1,
the measurement data D1 and D2 have a tendency to
change in a synchronized manner within a predetermined
range of signal values as shown in Fig. 2. Being synchro-
nized means that operational measurement data (varia-
bles) behave in a coordinated manner with respect to the
passage of time or the operational actions in the process.
During normal operation, as illustrated in Fig. 3, the
measurement data D1 and D2 are plotted around a
straight line representing synchronization (measurement
data D1 = measurement data D2) within a predetermined
range of signal values.
[0017] In the event of an anomaly in the blast furnace
1, the different measurement data D1 and D2 have a
tendency to fall outside the predetermined range of signal
values while being in synchronization with each other, or
the measurement data D1 and D2 have a tendency to
go out of synchronization. That is, in Fig. 3, in the event
of an anomaly of gas permeability in the blast furnace 1,
the measurement data D1 and D2 are plotted outside the
predetermined range of signal values, or plotted away
from the straight line representing synchronization. In the
shaft pressure data of the blast furnace 1, first principal
component values with the greatest variance in the prin-

cipal component analysis reflect the components of syn-
chronous movement of each shaft pressure during stable
operation of the blast furnace 1, whereas the second and
subsequent principal components in the principal com-
ponent analysis reflect components outside the stable
period.
[0018] Although only the two pieces of measurement
data D1 and D2 are shown for ease of explanation, the
plurality of pieces of measurement data D1 to Dn have
the same tendency. Therefore, the evaluation value cal-
culating unit 11 determines one Q statistic or T2 statistic
from n pieces of measurement data. The T2 statistic is
an index indicating whether a signal is within a predeter-
mined variation range. The Q statistic is an index orthog-
onal to the T2 statistic and representing asynchronous-
ness. The Q statistic or T2 statistic can be calculated
using a known technique. Although an example of using
second principal component values is shown, third or
subsequent principal component values may be used if
they well represent an anomalous phenomenon.
[0019] The evaluation value calculating unit 11 stores
therein in advance the maximum value of Q statistics of
the second principal component calculated using meas-
urement data obtained during normal operation. The nor-
mal operation section includes data of stability limit within
which the operation is determined to be normal. Deter-
mining the maximum value of the second principal com-
ponent for the normal operation section means determin-
ing the range of variation of measurement data obtained
during normal operation and the maximum deviation from
the normal operation range (i.e., stability limit value). The
evaluation value calculating unit 11 determines, as the
evaluation value EV, a Q statistic index obtained by di-
viding the Q statistic calculated from the measurement
data D1 to Dn by the maximum value stored.
[0020] Although the evaluation value calculating unit
11 calculates the evaluation value EV using Q statistics
in the example described above, the evaluation value
calculating unit 11 may calculate the evaluation value EV
using T2 statistics. In this case, again, the evaluation val-
ue calculating unit 11 stores therein in advance the max-
imum value of T2 statistics calculated using measure-
ment data obtained during normal operation. The evalu-
ation value calculating unit 11 calculates a T2 statistic
from measurement data and determines, as the evalua-
tion value EV, a T2 statistic index obtained by dividing
the calculated T2 statistic by the maximum value stored.
[0021] Fig. 4 is a graph showing an example of the
evaluation value EV calculated by the evaluation value
calculating unit illustrated in Fig. 1. The anomaly detect-
ing unit 12 detects an anomaly in the blast furnace 1 on
the basis of the evaluation value EV calculated by the
evaluation value calculating unit 11. The anomaly detect-
ing unit 12 stores therein an anomaly threshold EVref1
and an anomaly premonitory sign threshold EVref2
smaller than the anomaly threshold EVref1. If the evalu-
ation value EV is greater than the anomaly threshold
EVref1, the anomaly detecting unit 12 determines that

5 6 
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there is an anomaly. If a period during which the evalu-
ation value EV is smaller than or equal to the anomaly
threshold EVref1 and greater than the anomaly premon-
itory sign threshold EVref2 is longer than or equal to a
set period PT, the anomaly detecting unit 12 determines
that there is a premonitory sign of anomaly. If the evalu-
ation value EV is the Q statistic index, the anomaly
threshold EVref1 is set to fall within a range of, for exam-
ple, 0.5 to 1.0 and the anomaly premonitory sign thresh-
old EVref2 is set to, for example, 0.5 or below. EVref1
may be determined, for example, in accordance with the
evaluation value EV obtained immediately before (sev-
eral minutes before) the actual occurrence of gas-chan-
neling in the past.
[0022] The difference between an anomaly and a pre-
monitory sign of anomaly in the blast furnace 1 will now
be described. A state where a premonitory sign of anom-
aly occurs refers to a state where local minor variation
of pressure occurs in the blast furnace 1. The pressure
variation is caused, for example, by local irregularities in
the raw material layer, accumulation of fine particles such
as coke powder, or local variation in stock movement
(descent of raw materials).
[0023] In the blast furnace 1, the pressure variation
propagates from the origin of minor pressure variation in
various directions inside the furnace, and this may result
in the occurrence of pressure variation at other locations.
For example, there is a phenomenon in which even local
minor irregularities in the raw materials change the flow
of passing gas in the blast furnace 1 and change the
temperature rise and reduction of the raw materials. In
the blast furnace 1, where the passing gas flows upward
from the lower part, the minor irregularities in the raw
materials propagate while affecting the state of the neigh-
borhood and the upper part. At the same time, as the raw
materials descend, the minor irregularities in the raw ma-
terials propagate while affecting the state of the lower
part. The local minor irregularities in the raw materials
thus propagate while affecting the upper and lower parts,
and result in major irregularities (anomaly).
[0024] Even local pressure variation is considered an
anomaly if the level of pressure variation is significant.
For example, when pressure at a specific position in the
circumferential direction gradually increases (i.e., the
evaluation value EV gradually increases) as stock move-
ment deteriorates and then the pressure is released, only
a group of a plurality of sensors set in the height direction
in the same circumferential direction are significantly in-
fluenced and reflect an anomaly.
[0025] As described above, the occurrence of an
anomaly in the blast furnace 1 is preceded by the occur-
rence of minor pressure variation, which is a premonitory
sign of anomaly. This means that if the minor pressure
variation (premonitory sign) is successfully detected, the
occurrence of an anomaly can be predicted.
[0026] The anomaly premonitory sign threshold
EVref2 for detecting the occurrence of local minor pres-
sure variation as a premonitory sign is defined. The

anomaly premonitory sign threshold EVref2 may be de-
termined using the evaluation value EV at the time of
occurrence of a premonitory sign in the operation of the
blast furnace 1 where the premonitory sign had been
detected among the operations of the blast furnace 1
where an anomaly has occurred.
[0027] The anomaly premonitory sign threshold
EVref2 may be determined in the following manner.
When local pressure variation propagates in the blast
furnace 1, the variation of local pressure probably takes
place in an area of about several meters by several me-
ters in contact with the furnace body. In the example il-
lustrated in Fig. 1, about four pressure gages are influ-
enced by this variation. Therefore, the anomaly premon-
itory sign threshold EVref2 may be determined using the
evaluation value EV obtained when variation in the pres-
sure values of the influenced pressure gages exceeds
2σ, where σ is the standard deviation of variation in the
pressure values during usual operation (in a normal
state).
[0028] The anomaly detecting unit 12 determines, eve-
ry predetermined determination period (e.g., every 45
minutes), whether a cumulative period during which the
evaluation value EV is greater than the anomaly premon-
itory sign threshold EVref2 is longer than or equal to the
set period PT (e.g., 40 minutes). Then, if the cumulative
period does not become greater than or equal to the set
period PT within the determination period, the anomaly
detecting unit 12 resets the counted period and starts
measurement of another period. This is because since
the evaluation value EV may accidentally drop for a short
time, if the anomaly detecting unit 12 determines that
there is a premonitory sign of anomaly only when the
evaluation value EV continuously exceeds the anomaly
premonitory sign threshold EVref2 for longer than or
equal to the set period PT, the anomaly detecting unit 12
may fail to detect a premonitory sign of anomaly. There-
fore, even when the period during which the evaluation
value EV is greater than or equal to the anomaly premon-
itory sign threshold EVref2 is not continuous, the anomaly
detecting unit 12 determines that there is a premonitory
sign of anomaly as long as the cumulative period be-
comes greater than or equal to the set period PT within
the predetermined determination period.
[0029] A set period PT is desirably set to a period short-
er than the period between the occurrence of the pre-
monitory sign and the occurrence of the anomaly in an
operation where a premonitory sign has been identified
before the occurrence of an anomaly in an operation of
the blast furnace 1. This makes it possible to perform,
for example, blast volume reduction at an earlier stage
and prevent the occurrence of an anomaly.
[0030] Since anomalies accumulated in a low-level
state may lead to an anomaly, such as gas-channeling,
it is desirable not to make the set period PT too long. To
take preventive measures well in advance of the occur-
rence of a serious anomaly, the predetermined determi-
nation period is set to 45 minutes and the set period PT
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is set to 40 in the present embodiment. This period is set,
by taking into account the stock movement rate and the
heating rate, in such a way that it is possible to reduce
the risk of an anomaly, such as gas-channeling, resulting
from propagation and spreading of a local anomaly re-
gion. The stock movement rate in the blast furnace 1 is
about 4 m/h. To prevent the stock movement from caus-
ing the anomaly region to spread more than 3 m in the
height direction, the determination period is set to 45 min-
utes.
[0031] Depending on the type of the blast furnace 1 or
its operation mode, an anomaly may occur after a brief
premonitory sign. It is preferable in this case to make the
set period PT shorter. For example, if continuous stock
movement is obstructed by wear of bricks inside the fur-
nace body, an anomaly may occur after a brief premon-
itory sign. In this case, it is preferable to make the pre-
determined determination period and the set period PT
shorter. Note that even in the case of making the prede-
termined determination period and the set period PT
shorter, it is preferable, for prevention of erroneous de-
tection, that the predetermined determination period be
set to 10 minutes or longer and the set period PT be set
to 8 minutes or longer.
[0032] Fig. 5 is a graph showing how a premonitory
sign of anomaly is detected by the anomaly detecting
unit illustrated in Fig. 1. As illustrated in Fig. 5(A), the
anomaly detecting unit 12 determines, every minute,
whether the evaluation value EV exceeds the anomaly
premonitory sign threshold EVref2 and counts the
number of determinations. The count value is reset every
determination period (e.g., 45 minutes). Then, when the
count value of the counter reaches a set number of times
(e.g., 40 times = set period PT), the anomaly detecting
unit 12 determines that there is a premonitory sign of
anomaly as illustrated in Fig. 5(B).
[0033] Instead of performing the threshold processing,
the anomaly detecting unit 12 may determine, when a
time integral I of the evaluation value EV exceeds an
integral threshold Iref, that there is a premonitory sign of
anomaly. Fig. 6 is a graph showing how the evaluation
value is time-integrated by the anomaly detecting unit
illustrated in Fig. 1. For example, the time to reach the
anomaly threshold EVref1 when the condition of "evalu-
ation value EV = 0.8" continues is shorter than that when
the condition of "evaluation value EV = 0.6" continues.
Accordingly, the anomaly detecting unit 12 determines
that there is a premonitory sign of anomaly when the
integral I exceeds the integral threshold Iref in such a
way that a premonitory sign of anomaly is output at an
early stage when the evaluation value EV continues to
be large.
[0034] Performing time integration means that the set
period PT serving as a reference is changed in accord-
ance with the evaluation value EV. A determination made
when "integral threshold Iref = set period PT 3 anomaly
premonitory sign threshold EVref2" is the same as the
determination made when the period during which the

evaluation value EV exceeds the anomaly premonitory
sign threshold EVref2 is the set period PT.
[0035] The information output unit 13 illustrated in Fig.
1 may be constituted, for example, by a display device
or a speaker. When a premonitory sign of anomaly is
detected, the information output unit 13 outputs the cor-
responding information as a notification to the operator.
Upon being notified that a premonitory sign of anomaly
has been detected, the operator adjusts the conditions
of the blast furnace operation, for example, by reducing
the volume of blast supplied into the blast furnace or by
stopping the supply of blast so as to prevent the occur-
rence of anomalous phenomena. It is thus possible to
prevent the occurrence of anomalous phenomena or fur-
nace condition anomalies, such as hanging, slipping, and
gas-channeling, caused by poor gas permeability. When
the anomaly detecting unit 12 detects an anomaly or a
premonitory sign of anomaly, a control device (not
shown) may automatically reduce the blast volume or
stop the supply of blast.
[0036] Fig. 7 is a flowchart illustrating a preferred em-
bodiment of an anomaly determining method according
to the present invention. An anomaly determining method
will be described with reference to Fig. 7. First, the meas-
urement data D1 to Dn are acquired from the plurality of
sensors S1 to Sn (step ST1) and the evaluation value
calculating unit 11 calculates the evaluation value EV
(evaluation value calculating step, step ST2). Then, the
anomaly detecting unit 12 determines whether the eval-
uation value EV is greater than the anomaly threshold
EVref1 (anomaly detecting step, step ST3).
[0037] If the evaluation value EV is greater than the
anomaly threshold EVref1 (YES in step ST3), the anom-
aly detecting unit 12 determines that an anomaly occurs
in the blast furnace, and the information output unit 13
outputs an alarm (step ST4). If the evaluation value EV
is smaller than or equal to the anomaly threshold EVref1
(NO in step ST3), a further determination is made as to
whether a period during which the evaluation value EV
is greater than the anomaly premonitory sign threshold
EVref2 exceeds the set period PT (anomaly detecting
step, step ST5). Alternatively, a determination as to
whether the time integral I of the evaluation value EV is
greater than the integral threshold may be made in step
ST5.
[0038] If the period during which the evaluation value
EV is greater than the anomaly premonitory sign thresh-
old EVref2 reaches the set period PT (YES in step ST5),
a notification indicating that there is a premonitory sign
of anomaly is output (step ST6). If the period during which
the evaluation value EV is greater than the anomaly pre-
monitory sign threshold EVref2 is shorter than the set
period PT, the anomaly detecting unit 12 determines that
there is no premonitory sign of anomaly (NO in step ST5)
and monitoring for anomalies continues (steps ST1 to
ST5).
[0039] By using the fact that the occurrence of an
anomaly is preceded by a premonitory sign of anomaly,

9 10 



EP 3 985 132 A1

7

5

10

15

20

25

30

35

40

45

50

55

the embodiment described above detects the occurrence
of an anomaly when the evaluation value EV exceeds
the anomaly threshold EVref1. It is thus possible to carry
out the operation of the blast furnace while making a de-
termination of an anomaly in the blast furnace, and to
produce hot metal by carrying out the operation. The
present embodiment not only detects an anomaly, but
also detects a premonitory sign of anomaly when the
period during which the evaluation value EV is greater
than the anomaly premonitory sign threshold EVref2 is
longer than or equal to the set period PT. Thus, since
preventive measures, such as blast volume reduction,
against anomalies can be taken at an early stage, it is
possible to prevent operational troubles.
[0040] As described above, in the event of an anomaly
exceeding the threshold EVref1, gas-channeling occurs
and a bleeder valve at the furnace top is opened to re-
lease pressure. This allows the evaluation value EV to
return to a normal value. In the event of gas-channeling,
however, the resulting increase in heat loss may reduce
furnace heat or damage the raw material layer. To pre-
vent such a negative impact on the blast furnace, it is
desirable to detect a premonitory sign of anomaly before
the occurrence of an anomaly. Since the evaluation value
EV has a tendency to become greater than that in a
steady state, the anomaly premonitory sign threshold
EVref2 lower than the anomaly threshold EVref1 is used
to detect a premonitory sign of anomaly.
[0041] On the other hand, even when minor irregular-
ities in the furnace slightly affect gas permeability, a pos-
sible occurrence of minor gas-channeling may allow the
evaluation value EV to return to a normal value without
the need for taking any measures, such as blast volume
reduction. With the threshold processing alone, there
may be cases where there is no need to output an alarm
for example to an operator as a premonitory sign of anom-
aly. However, if minor irregularities in the furnace, such
as that described above, are not followed by the occur-
rence of minor gas-channeling, a gradual deterioration
of furnace conditions occurs and causes a gradual in-
crease in the evaluation value EV. By using this, the
anomaly detecting unit 12 detects a premonitory sign of
anomaly when the cumulative period during which the
evaluation value EV is greater than the anomaly premon-
itory sign threshold EVref2 is longer than or equal to the
set period PT. A premonitory sign of anomaly can thus
be accurately detected without erroneous detection.
[0042] In particular, the anomaly detecting unit 12 de-
termines a premonitory sign of anomaly by determining
whether, in the predetermined determination period (e.g.,
45 minutes), the cumulative period during which the eval-
uation value EV is greater than the anomaly premonitory
sign threshold EVref2 is longer than or equal to the set
period PT (e.g., 40 minutes). Therefore, even if the eval-
uation value EV temporarily drops below the anomaly
premonitory sign threshold EVref2, the anomaly detect-
ing unit 12 can be prevented from erroneously determin-
ing that there is no premonitory sign of anomaly in the

case when there is actually a premonitory sign of anom-
aly. Conversely, even if the evaluation value EV tempo-
rarily becomes greater than or equal to the anomaly pre-
monitory sign threshold EVref2, the anomaly detecting
unit 12 can be prevented from erroneously determining
that there is a premonitory sign of anomaly in the case
when there is actually no premonitory sign of anomaly.
A more accurate detection of a premonitory sign of anom-
aly is thus achieved.
[0043] The anomaly detecting unit 12 may determine
that there is a premonitory sign of anomaly when the time
integral I of the evaluation value EV is greater than the
integral threshold Iref. Thus, the period of time before
determining that there is a premonitory sign of anomaly
can be adjusted depending on how conditions in the fur-
nace reflected in the evaluation value EV deteriorate.
[0044] Embodiments of the present invention are not
limited to those described above and various modifica-
tions may be made thereto. For example, although the
plurality of sensors S1 to Sn are shaft pressure sensors
in the embodiments described above, temperature sen-
sors or other types of sensors installed on the blast fur-
nace may be used as long as they are capable of detect-
ing anomalies.
[0045] Although the evaluation value calculating unit
11 calculates either the Q statistic index or the T2 statistic
index as the evaluation value EV in the embodiments,
the evaluation value calculating unit 11 may calculate
both of them as evaluation values EV to detect an anom-
aly. In this case, an alarm may be output when an anom-
aly or a premonitory sign of anomaly is detected with both
the evaluation values EV, or may be output when an
anomaly or a premonitory sign of anomaly is detected
with one of the evaluation values EV. Although a statistic
is calculated as the evaluation value EV in the embodi-
ments described above, any technique that unifies a plu-
rality of pieces of input data into an anomaly index may
be used. For example, a known technique, such as in-
dependent component analysis or machine learning
technique, may be used to unify the input data into a
single index.
[0046] Although the evaluation value calculating unit
11 calculates one evaluation value EV in the embodi-
ments described above, the evaluation value calculating
unit 11 may calculate, for example, two evaluation values
EV for upper and lower levels in accordance with the
installation heights of the sensors S1 to Sn, so as to detect
an anomaly for each of the evaluation values EV. In the
embodiments described above, the anomaly detecting
unit 12 determines whether, in a determination period,
the cumulative period during which the evaluation value
EV is greater than the anomaly premonitory sign thresh-
old EVref2 is longer than or equal to the set period PT.
However, the anomaly detecting unit 12 may determine
that there is a premonitory sign of anomaly when simply
a period during which the anomaly premonitory sign
threshold EVref2 is continuously exceeded is longer than
or equal to the set period PT.
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Reference Signs List

[0047]

1: blast furnace
10: anomaly determining apparatus
11: evaluation value calculating unit
12: anomaly detecting unit
13: information output unit
D1 to Dn: measurement data
DB: database
EV: evaluation value
EVref1: anomaly threshold
EVref2: anomaly premonitory sign threshold
I: time integral
Iref: integral threshold
PT: set period
S1 to Sn: sensor(s)

Claims

1. A blast furnace anomaly determining apparatus that
detects an anomaly in a blast furnace using a plurality
of sensors installed at different positions of the blast
furnace, the anomaly determining apparatus com-
prising:

an evaluation value calculating unit configured
to calculate an evaluation value from a plurality
of pieces of measurement data detected by the
plurality of sensors; and
an anomaly detecting unit configured to detect
an anomaly in the blast furnace on the basis of
the evaluation value calculated by the evalua-
tion value calculating unit using an anomaly
threshold and an anomaly premonitory sign
threshold smaller than the anomaly threshold,
wherein if the evaluation value is greater than
the anomaly threshold, the anomaly detecting
unit determines that there is an anomaly, and if
a period during which the evaluation value is
greater than the anomaly premonitory sign
threshold is longer than or equal to a set period,
the anomaly detecting unit determines that there
is a premonitory sign of anomaly.

2. The blast furnace anomaly determining apparatus
according to Claim 1, wherein the anomaly detecting
unit determines, every predetermined determination
period, whether a cumulative period during which
the evaluation value is greater than the anomaly pre-
monitory sign threshold is longer than or equal to the
set period, and if the cumulative period is longer than
or equal to the set period, the anomaly detecting unit
determines that there is a premonitory sign of anom-
aly.

3. The blast furnace anomaly determining apparatus
according to Claim 1 or Claim 2, wherein if a time
integral of the evaluation value is greater than an
integral threshold, the anomaly detecting unit deter-
mines that there is a premonitory sign of anomaly.

4. The blast furnace anomaly determining apparatus
according to any one of Claim 1 to Claim 3, wherein
the evaluation value calculating unit performs prin-
cipal component analysis on the plurality of pieces
of measurement data to calculate a Q statistic or a
T2 statistic, and calculates the evaluation value on
the basis of the calculated Q statistic or T2 statistic.

5. The blast furnace anomaly determining apparatus
according to any one of Claim 1 to Claim 4, wherein
the plurality of sensors are constituted by shaft pres-
sure sensors installed at different positions in height
direction and different positions in circumferential di-
rection of the blast furnace.

6. A blast furnace anomaly determining method for de-
tecting an anomaly in a blast furnace using a plurality
of sensors installed at different positions of the blast
furnace, the anomaly determining method compris-
ing:

an evaluation value calculating step of calculat-
ing an evaluation value from a plurality of pieces
of measurement data detected by the plurality
of sensors; and
an anomaly detecting step of detecting an anom-
aly in the blast furnace on the basis of the cal-
culated evaluation value using an anomaly
threshold and an anomaly premonitory sign
threshold smaller than the anomaly threshold,
wherein if the evaluation value is greater than
the anomaly threshold, the anomaly detecting
step determines that there is an anomaly, and
if a period during which the evaluation value is
greater than the anomaly premonitory sign
threshold is longer than or equal to a set period,
the anomaly detecting step determines that
there is a premonitory sign of anomaly.

7. The blast furnace anomaly determining method ac-
cording to Claim 6, wherein the anomaly premonitory
sign threshold is determined using an evaluation val-
ue of the plurality of pieces of measurement data
calculated when variation of some pressure values
of the plurality of pieces of measurement data during
usual operation exceeds a predetermined range of
variation in pressure values in a normal state.

8. A blast furnace operating method comprising oper-
ating a blast furnace while making a determination
of an anomaly in the blast furnace using the blast
furnace anomaly determining apparatus according
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to any one of Claim 1 to Claim 5.

9. A hot metal producing method comprising producing
hot metal with the blast furnace operating method
according to Claim 8.
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