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Description

This invention relates broadly to coke ovens,
and more particularly to a method of determining
coke level during pushing operation.

To effect proper operation of a battery of by-
product coke ovens, each oven must be charged
from a larry car, conveyor or pipeline with a pre-
determined weight amount of coking coal, then
leveled by a leveler bar to move peaks of coal
below charging holes to valleys therebetween. It
is intended that when leveling is completed the
charge will fill the maximum predetermined
space in the coke oven and that the top of the
charge will have a relatively smooth line length-
wise throughout the oven at the start of the
coking cycle.

After a suitable heating cycle, an ideal charge
will have settled downward and become a coke
mass having a theoretical coke line below and
parallel to the charge level line. Subsequently, the
coke is pushed by a pusher ram on the pusher
side of an oven through a coke guide on the coke
side of the oven and into a quench car. In the past,
an operator at the coke guide visually inspected
the coke height at a gap between the oven and
coke guide or between the slats of a coke guide
during pushing for indications of undercharging
the coke oven. However, all batteries currently
require emission exhaust controls during pushing
which have done away with the gap between the
oven and coke guide or slats, thereby prevent-
ing visual inspection .of coke height during
pushing. ;

Other problems arise in actual practice because
ideal battery operations are not always achieved.
These are attributable to charging errors and/aor
heating deficiencies which affect coke height or
level at pushing. For example, coal density vari-
ations and scale errors directly effect the volume,
and therefore level, of coal charged before the
coking cycle. Prior art mechanical probes having
moving parts inserted through charging holes do
not always provide an adequate indication of
actual coal level in the oven, nor do they provide a
coal level record at any time. In addition, non-
uniform gravity distribution of the coal charge will
result in an uneven coke level during pushing.
Moreover, heating deficiencies caused by vari-
ations in overall heating value of fuels, or
localized clogging of flues will also have an effect
on not only coke value but coke level at the time
of pushing operation.

A main object of this invention is to provide an
improved method of determining coke level dur-
ing pushing operations.

Another object of this invention is to provide a
method of determining coke level during pushing
operation that will be suitable for use with both
enclosed and unenclosed coke guides.

Still another object of this invention is to pro-
vide a method of determining coke level without
using mechanical probes.

Yet another object of this invention is to provide
a method of determining coke levei during push-
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ing which will provide a documented record
thereof every push. )

The foregoing objects may be achieved by
providing an improved method of determining
coke level during pushing from a coke oven which
comprises measuring coke vertical temperature
profile data by sensing plural coke temperatures
at a coke guide; storing one coke vertical tem-
perature profile data set at each of plural intervals
synchronized with the coke oven push; detecting
the highest level at which coke was observed in
each stored vertical temperature profile data set;
and plotting, or otherwise utilizing, the detected
level data to represent coke level existent length-
wise afong the coke oven before pushing.

FIG. 1 is a block diagram of computerized coke
level detecting apparatus for carrying out the
method of the present invention.

FIG. 2 is a diagrammatic lateral cross-section of
a coke guide showing a level range of tem-
perature sensors used in the FIG. 1 apparatus.

FIG. 3 is a flow chart of essential steps used by
the computer in FIG. 1 to determine coke level.

FIGS. 4—7 are coke level charts plotted by a
terminal connected to the computer in FIG. 1.

Referring to the drawings, particularly FIGS. 1
and 2, apparatus for carrying out the method of
this invention is shown in the environment of a
conventional by-product coke oven 10. A pre-
determined weight amount of coking coal is
introduced through charging holes 11, 12, 13, 14
to the interior of coke oven 10. Ideally, coking coal
is distributed evenly throughout coke oven 10 by
a leveler bar {not shown) between coke oven floor
15 and a smooth, fairly even, theoretical coal line -
16. All openings are closed and the heating cycle
is started. By the time the heating cycle is com-
pleted, the coal charge is converted to a mass of
coke 17 inside coke oven 10. Doors are then
removed by machines not shown and pusher ram
18 pushes coke 17 throughout the length of coke
oven 10, through coke guide 19, and into a
quench car also not shown.

For purposes of illustration, coke guide 19 is
provided with five temperature sensors 20 to 24
mounted in an expected coke height range 25,
referenced to coke oven floor 15, to develop coke
vertical temperature profile data. Each tem-
perature sensor 20 to 24 may be a fast-acting
optical pyrometer having an analog output signal
proportional to coke temperature. A pyrometer
has the advantage of providing an output signal
that is useful not only for coke level analysis, but
coke mass and oven wall temperature analysis as
well.

Temperature sensors 20 to 24 are mounted at
levels in expected coke height range 25, either at
equal or unequal heights, and as close to
buckstays in coke oven 10 as is possible. In
batteries where coke guide 19 is enclosed for
emission control purposes, a modification must
be made therein to provide a coke-level sight
opening for each temperature sensor 20 to 24. In
batteries where coke guide 19 is unenclosed, tem-
perature sensors 20 to 24 are aimed through a
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gap between coke oven 10 and coke guide 19, or
between the gap in coke guide siats.

Instead of being a set of optical pyrometers,
temperature sensors 20 to 24 may be of other
fast-acting thermal responsive devices which pro-
duce a digital on type output signal above a pre-
set value and an off signal below the preset value.

Although five temperature sensors 20 to 24
have been illustrated, actually any number of
temperature sensors may be configured, depend-
ing upon the accuracy of coke level determination
desired. A mninimum number of temperature
sensors recommended is three, each spaced
about a foot (about 30 cm) apart on a six-meter
battery. The uppermost temperature sensor is
located at theoretical coke line 26. A fourth tem-
perature sensor could be used in either of two
ways. By placing it about 6 inches (about 15 cm)
above theoretical coke line 26, it will provide an
indication of coke oven 10 overfilling. By placing it
below theoretical coke line 26, more accurate
information is obtainable regarding coke oven 10
underfilling.

Another five-temperature sensor setup is to
arrange them such that one temperature sensor is
mounted at theoretical coke line 26, one tem-
perature sensor above coke line 26, and the
remaining three below coke line 26. The tem-
perature sensor locations should be adjusted so
that no more than one temperature sensor is out
of coke sight for the majority of the push through
coke guide 19, -

For plotting purposes, two additional tem-
perature sensor locations are assumed in a six-
meter battery, one about 6 inches (about 15 cm)
above the uppermost level of expected coke
height range 25, the other about 12 inches (about
30 cm) below the lowermost level of expected
coke height range 25. The first temperature sen-
sor location is assumed to be the highest level
coke 17 could possibly be. The second tem-
perature sensor location is assumed to be the
lowest level coke 17 could possibly be. On smaller
3-meter batteries, the distance between tem-
perature sensors should be reduced accordingly.

Output signals from temperature sensors 20 to
24 represent coke vertical temperature profile
data and are fed over sensor leads 27 to 31 to tem-
perature measuring circuits 32. Here the optical
pyrometer signals are conditioned, standardized
and converted from analog to digital signals
which are output on leads 33 to 37. These digital
output signals vary proportional to the coke 17
temperature sensed at the various levels in coke
guide 19. When the above-noted alternative tem-
perature sensor is employed, temperature
measuring circuits 32 are modified to include
conditioning and temperature level detectors so
that digital on-off signals will be output on each
lead 33 to 37. This form of digital signal re-
presents the presence or absence of hot coke 17
exceeding a preset temperature at the respective
temperature sensor level in coke guide 19.

Regardless of whether the five coke vertical
temperature profile data signals on leads 33 to 37

10

15

20

25

30

35

40

45

50

55

60

65

0 077 409 4

are digital proportional or digital on-off signals
they are selected sequentially by conventional
multiplexer 38 and stored as data sets in data
storage 39. Both muitiplexer 38 and data storage
39 handle one coke vertical temperature profile
data set at each of plural intervals | under control
of intervalometer 40. Intervalometer 40 is syn-
chronized with coke oven 10 push and may be a
repeat pulse timer started when pusher ram 18 is
started and output a pulse at each of say forty
time intervals | related to the duration of pusher
ram 18 movement through coke oven 10, assum-
ing constant ram velocity. Alternatively, inter-
valometer 40 may be modified to produce say
forty length interval | pulses referenced directiy to
pusher ram 18 movement independent of ram
velocity. The first pulse is produced when pusher
ram 18 movement starts, the last puise when the
ram stops at the end of the push.

Forty intervals |, whether time or length related,
provides a convenient number of five-level, digi-
tal proportional or digital on-off, coke vertical
temperature profile data sets to be keyed to
pusher ram 18 movement. In this manner a length
reference is obtained for the location of advanc-
ing coke cake for each data set. For this reason,
data storage 39 is provided with a 5 X 40 data
matrix connected sequentially to multiplexer 38
for storing five-level data sets in synchronism
with intervalometer 40. In practice, this is a height
matrix J equal to the known height of tem-
perature sensors 20—24 above coke oven floor
15.

Data storage 39 has additional storage.capacity
to accommodate battery, oven and charge data 41
fed externally from an operator. Battery data
includes plant and battery identification; oven
data includes coke oven 10 I.D. number, number
of flues and dimension, data, such as height and
length; and, if desired, charge data may include
the amount and characterization of coking coal
charged to coke oven 10.

The data stored in data storage 39, namely, five-
level J data, pusher ram interval | data and
battery, coke oven and charge data, interacts with
computer 42, a commercial microcomputer

 having internal CPU and storage devices pro-

grammed according to FiG. 3 flow chart. Com-
puter 42 detects and stores the highest level
where coke 17 was present at each of the forty
intervals | throughout the pushing cycle. This is
done by comparing the temperature measure-
ment at each of the five coke guide levels to a
preset temperature T, which differentiates be-
tween the presence and absence of coke 17 at that
level.

Computer 42 prepares, stores and outputs X
and Y axis plots of detected coke level and
interval data, as well as header data representing
battery, oven and charge data. Plotter 43 utilizes
the detected coke level data, and header data, to
represent coke level existent lengthwise of coke
oven 10 before pushing. Plotter 43 produces coke
level charts 44 to 47 shown in FIGS. 4—7 which
indicate the degree of coke oven filling.
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Referring to the drawings, particularly FIG. 3,
computer 42 scans the 5 x40 data matrix
which represents coke vertical temperature pro-
file data sets. Computer 42 first scans stored data
sequentially which represents five temperature
sensor known height parameter J data, then
scans each sensor height data between 1 to 40
intervals | data. The next step is to determine if
coke was at the bottom level sensor 24 by query-
ing if the stored coke temperature T at interval |,
level 5, is less than T.. As mentioned above, T, is a
preset temperature which differentiates between
the presence and absence of coke. It has been
found that if T, is about 900°C, then nearly an
order of magnitude of difference occurs between
coke at 900°C, and ambient air at ~93°C to satisfy
the coke differentiating requirement. If the query
was vyes, disregard the lth interval and proceed as
described below. If the query was no, indicating
the bottom level stored coke temperature T was
above T, then proceed to scan height J data
between sensor levels 1 to 5.

The next step is detecting and storing the
highest level at which coke was observed in each
stored coke vertical temperature profile data set.
A determination is made of the highest level
sensor activated by coke by determining if stored
coke temperature T was greater than T, and
repeating such determination through sensor
height J data between sensor levels 1 to 5. The
highest sensor level J thus determined is placed
in a 1 X 40.output matrix for each of the forty
intervals 1.

Another query is made to determine if interval |
is equal to forty. If no, the necessary steps of
determining and storing the highest level sensor
activated by coke are repeated. When the query
answer is yes, indicating that the number of
interval points is equal to forty, the push is over.
.0Or, the push is assumed to be over when coke is
no longer present at the lowest sensor level 24
after the Ith interval has been disregarded as
described above. The later assumption
necessitates placing the lowest temperature sen-
sor, exemplified as sensor 24, in such a position
that it will always be monitoring coke tem-
perature T during the pushing cycle.

Another method of determining when the push-
ing cycle is completed is to utilize the last of the
above-mentioned alternative intervalometer 40
length interval signals to indicate pusher ram
movement is completed up to the array of tem-
perature sensors 20—24 in coke guide 17.

When the pushing cycle is completed, an actual
value of AX distance in feet between each time or
length interval | of pusher ram 18 movement is
calculated in computer 42. This is done by divid-
ing the number of points of interval | data in coke
oven 10, exemplified as forty, into the known
internal length of coke oven 10 obtained from
oven data stored in the data matrix noted above.
For each interval | between one and the number
of points of interval | data, computer 42 generates
and stores in a plot storage matrix, X (the distance
across coke oven 10 equal to coke line matrix as
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function of I). Thus X is qual to AX x I. Like-
wise, computer 42 generates and stores in the
plot storage matrix, Y the height above the coke
oven floor 15 of the highest of five temperature
sensors representing the coke line at I. The Y
matrix is done by scanning the coke line height
data in coke line output matrix noted above as a
function of | and equating this to the known
height of coke oven 10 and known height of
temperature sensors 20—24 above coke oven
floor 15 obtained from oven data stored in the
data matrix noted above. The generating and
storing of X and Y plot data is continued until | is
equal to the number of points of interval | data
which is forty as exemplified herein.

Plotting of X matrix data versus Y matrix data,
together with the header data consisting of
battery, oven and charge data, is accomplished by
plotter 43 issuing coke level charts 44—A47 shown
in FIGS. 4—7. In each of these figures, computer
42 causes plotter 43 to plot a solid-dot observed
coke line where coke level was observed by one
of the five temperature sensors 20—24. in each of
these same figures, computer 42 generates,
stores and causes plotter 43 to plot a second or an
open-dot unobserved coke line where no coke
was observed above the observed coke line. This
is done by using the same X matrix data, but
shifting the Y matrix data such that each coke line
level is increased to a next highest temperature
sensor height, thereby indicating a no-coke line.
The actual coke line is then located between the
observed and unobserved coke lines of charts
44—47. ’ -

FIGS. 4—7 are examples of observed and unob-
served coke line curves with header data genera-
ted by the method of this invention. They are of
great value to an operator in determining whether
or not coke oven 10 was filled to theoretical coal
line 16 shown in FIG. 1, and if not, at what
charging hole or holes 11—14 where improper
filling occurred. A minor fall-off at both ends of
the curves is typical, due in part to a breakdown in
coke cake face when the doors are removed from
coke oven 10.

FIG. 4 shows coke line chart 44 which exem-
plifies coke oven 10 as having been properly filled
using twenty-one, rather than forty, intervals |
during the pushing cycle.

FIG. 5 shows coke line chart 45 which illustrates
a classical example of an undercharged coke oven
10 where twenty-eight, rather than forty, intervals
| were used during the pushing cycle. There are
four flat peaks 48—51 which correspond to the
four locations of charging holes 11—14, there
being three valleys 52—54 located between the
four charging holes. It is important to note that
the three valleys 52—54 cannot be seen or
measured with prior art apparatus or methods by
way of charging holes 11—14 in FIG. 1. The only
charge heights which can be measured con-
ventionally are those directly under charge holes
11—14. Obviously, this can misrepresent true
filling of coke oven 10.

FIG. 6 shows coke line chart 46 which indicates
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coke oven 10 undercharging occurred between
charging holes 11, 12 when using forty intervals |
during the pushing cycle. In this case the top tem-
perature sensors were mounted closer together,
with sensors 20, 21 about six inches (about 15 cm)
apart. This chart also illustrates the present
method being capable of distinguishing minor
fluctuations in the coke line.

FIG. 7 shows coke line chart 47 which also
indicates coke oven 10 undercharging where level
fluctuations were much greater than in FIG. 5, and
only twenty-four, rather than forty, intervals |
were used during pushing. This chart indicates to
an operator that coke oven 10 was greatly under-
charged and that corrective measures should be
instituted. Such corrective measures include
checking charging practice, leveling practice,
weigh scales, coal bins and larry car charging
bins. FIG. 7 coke line also indicates there were
four peaks below four charging holes, as well as a
substantial drop-off in charging at both ends of
coke oven 10.

Claims

1. A method of determining leve! during push-
ing coke from an oven, characterized by

{a) measuring coke vertical temperature profile
data by sensing coke temperatures at coke guide
levels within an expected coke height range ref-
erenced to a coke oven floor;

(b) storing one coke vertical temperature profile
data set at each of plural intervals synchronized
with the coke oven push;

{c) detecting the highest level at which coke was
observed in each stored coke vertical temperature
profile data set; and

(d) utilizing the detected level data to represent
coke level existent lengthwise along the coke
oven before pushing.

2. The method of claim 1, characterized by that
in step (a) the coke temperatures are sensed at
either equal or unequal heights in the coke guide.

3. The method of claim 1, characterized by that
in step (a) one coke temperature is sensed at a
level above a theoretical coke line and another at
or below said line.

4. The method of claim 1, characterized by that
in step (b) storing said intervals are time intervais
related to the duration of pusher ram movement.

5. The method of claim 1, characterized by that
in step (b) storing said intervals are length inter-
vals referenced directly to pusher ram movement.

6. The method of claim 1, characterized by that
in step {(c) level detecting includes comparing the
temperature measurement at each sensor level to
a preset temperature which differentiates be-
tween the presence and absence of coke.

7. The method of claim 1, characterized by that
in step (d) utilizing includes plotting the coke level
data to indicate the degree of coke oven filling.

8. The method of claim 1, characterized by that
in step (b) storing includes storing header data
related to battery, oven or charge data, and that in
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step (d) utilizing includes plotting the header data

.along with plotting coke level data.

Revendications

1. Procédé de détermination du niveau durant
le défournement du coke au départ d'un four,
caractérisé par:

{a) la mesure de données sur le profil vertical
des températures de coke par détection de tem-
pératures de coke a des niveaux dans le guide-
coke se situant dans un intervalie de hauteurs
attendues de coke par rapport au fond du four a
coke;

{b) la mémorisation d'un ensemble de données
sur le profil vertical des températures du coke a
chacun de plusieurs intervalies en synchronisme
avec le défournement du four & coke;

(c) la détection du niveau le plus élevé auquel
du coke est observé dans chaque ensemble mé-
morisé de données sur le profil vertical des tem-
pératures du coke; et

(d) l'utilisation des données de niveau détec-
tées pour représenter le niveau de coke existant
sur toute la longueur du four a coke avant le
défournement.

2. Procédé suivant la revendication 1, carac-
térisé en ce que, dans la phase (a), les tem-
pératures de coke sont décelées a des hauteurs
égales ou a des hauteurs inégales dons le guide-
coke.

3. Procédé suivant la revendication 1, carac-
térisé en ce que, dans la phase (a), une tem-
pérature de coke est décelée a un niveau se
situant au-dessus d’une ligne théorique de coke,
et une autre température est décelée a l'endroit
de cette ligne ou en dessous de celle-ci.

4. Procéde suivant la revendication 1, carac-
térisé en ce que, dans la phase (b), la mémorisa-
tion des intervalles en question consiste en une
mémorisation d’intervalles de temps liés a la
durée du déplacement du piston de défourneuse.

5. Procédé suivant la revendication 1, carac-
térisé en ce que, dans la phase (b}, la mémorisa-
tion des intervailes précités consiste en une mé-
morisation d’intervalles de longueur directement
liés au déplacement du piston de défourneuse.

6. Procédé suivant la revendication 1, caracté-
risé en ce que, dans la phase (c), la détection d'un
niveau comprend la comparaison de la mesure de
température faite a chaque niveau de détecteur
avec une température préfixée qui différencie la
présence et I'absence de coke.

7. Procédé suivant la revendication 1, carac-
térisé en ce que, dans la phase (d), |'utilisation
prévue comprend la mise en graphique des don-
nées de niveau de coke pour indiquer le degré de
remplissage du four a coke.

8. Procédé suivant la revendication 1, carac-
térisé en ce que, dans la phase (b), la mémorisa-
tion comprend la mémorisation de données d’en-
téte relatives aux données sur la batterie, le four
ou la charge, et en ce que, dans la phase (d),
I'utilisation prévue comprend la mise en graphi-
que des données d’en-téte en méme temps que la
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mise en graphique des données de niveau de
coke.

Patentanspriiche

1. Verfahren zur Bestimmung der Kokshéhe
wiahrend des Ausdriickens des Kokses aus einem
Ofen, dadurch gekennzeichnet, dal¥ man

a) die Daten eines vertikalen Temperaturprofils
des Kokses misst, indem man die Koks-
temperaturen auf bestimmten Niveaus der Koks-
fihrung innerhalb eines erwarteten Bereichs fir
die Kokshohe, bezogen auf den Koksofenboden,
feststellt,

b) einen Datensatz fir das vertikale
Temperaturprofil des Kokses bei jedem von
mehreren Intervallen synchronisiert mit dem Aus-
dricken des Koksofens speichert,

¢) das héchste Niveau, bei dem Koks bei jedem
gespeicherten Datensatz flir das vertikale
Temperaturprofil des Kokses beobachtet wurde,
erfaf3t, und

d) die erfaf3ten Niveaudaten auswertet, um die
Kokshdéhe, die in Langsrichtung {iber den Kokso-
fen vor dem Ausdriicken bestanden hat, wieder-
zugeben.

2. Verfahren gemaf3 Anspruch 1, dadurch
gekennzeichnet, daR man in Stufe a) die Koks-
temperaturen in entweder gleichen oder unglei-
chen Hoéhen in der Koksflihrung feststellt.

3. Verfahren gemé&f Anspruch 1, dadurch
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gekennzeichnet, daf3 man in Stufe a) eine
Kokstemperatur auf einem Niveau oberhalb der
theoretischen Kokslinie und eine weitere auf oder
unterhalb der Linie mif3t.

4. Verfahren gemaR Anspruch 1, dadurch
gekennzeichnet, dald beim Speichern in Stufe b)
die Intervalle Zeitintervalle sind, die sich auf die
Dauer der Bewegung der Druckstange beziehen.

5. Verfahren geméaf Anspruch 1, dadurch
gekennzeichnet, dald beim Speichern in Stufe b)
die Intervalle Langenintervalle sind, die sich un-
mittelbar auf die Bewegung der Druckstange be-
ziehen.

6. Verfahren gemaR Anspruch 1, dadurch
gekennzeichnet, dafd das Erfassen des Niveaus in
Stufe c) ein Vergleichen der Temperaturmessung
bei jedem Fihlerniveau mit einer vorgewihiten
Temperatur umfafdt, die zwischen der Anwesen-
heit und Abwesenheit von Koks unterscheidet.

7. Verfahren geméaf Anspruch 1, dadurch
gekennzeichnet, da das Auswerten in Stufe d)
das Aufzeichnen der Daten fir die Kokshdhe
umfaBt, um das FlllausmaR des Koksofens darzu-
stellen.

8. Verfahren gemaR Anspruch 1, dadurch
gekennzeichnet, dafd das Speichern in Stufe b) die
Speicherung von Kopfeintragdaten umfalt, die
sich auf Batterie-, Ofen- oder Beschickungsdaten
beziehen, und daf} das Auswerten in Stufe d) das
Aufzeichnen der Kopfeintragdaten zusammen mit
dem Aufzeichnen der Daten fiir die Kokshéhe
umfaf3t.
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