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Synopsis :

At Mizushima Works, a process computer system has been introduced into the coal
preparation process and coke transport process to improve the level of centralized
management of quality and operation information, which is part of the total
systemization plan of the Coke-making Department. The features of the new system
software are: (1) Simplification of planning the blending composition using models of
coal quality prediction, coke strength prediction and coal crushing grain programming,
(2) Use of CRT for supporting operation and monitoring duties, (3) Automation of
received coal sampling, crusher feeder setting and finishing position control of the
bedding, (4) Automation of work schedules preparation and work results documentation.
Introduction of this system has realized improvements in coke quality, reduction in

electric power consumption, and one-man operation of the central control room.
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1 Introduction

The Mizushima Works of Kawasaki Steel, as part of its
systems designing efforts of coke-making, has promoted
the introduction of a computer system as a measure to
improve techniques for quality and operation control
and to reduce labor costs in the coal preparation process
and coke transportation processes. In 1980, process
computers were introduced in the coal preparation pro-
cess, and in 1983, the control rooms of the two processes
were integrated and the system was upgraded. In this
systems design project, importance was attached to the
organic linkage of guality information and operation
information and to the improvement of the quality of
control work in the control room through utilization of
this information. This report presents the functions of
the software of the system, referring to typical examples.

2 Outline of the System

An outline of the computer system of the entire coke-
making department is shown in Fig. 1. Functionally, this
system is composed of an operation control system for
the coal preparation process and the coke transportation

* Originally published in Kawasaki Steef Giho, 17(1985)2, pp.
14B-153
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At Mizushima Works, a process computer system has
been introduced into the coal preparation process and
coke transport process to improve the level of centralized
management of quality and operation information, which
is part of the total systemization plan of the Coke-making
Department.

The features of the new system software are:

(1) Simplification of planning the blending composition
using models of coal quality prediction, coke strength
prediction and coal crushing grain programming,

(2) Use of CRT for supporting operation and monitoring
duties,

(3) Automation of received coal sampling, crusher feeder
setting and finishing position control of the bedding,

(4) Automation of work schedules preparation and work
results documentation.

Introduction of this system has realized improvements in
coke quality, reduction in electric power consumption, and
one-man operation of the central control room.

process, a coke-oven combustion control system, and a
personal’ computer network system. In the systems
designing of the coal preparation process and coke tran-
sportation process described in this paper, consideration
was given to the following points in terms of the one-
man operation of the central control room:

(1) The approximately 200 monitoring instruments
previously used were substantially reduced in num-
ber and replaced by a process condition monitoring
system using CRTs,

(2) The selection switch system was replaced by a route
number setting system using sequencers with
respect to operations such as the start and stop of
conveyors and crushers.

(3) Some of daily scheduling jobs and operation condi-
tion setting jobs require careful judgment and com-
plex handling. These jobs were standardized and
incorporated in the computer system.

{4) The greater part of document preparation work was
automated,
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Fig. 1 Outline of the computer system in the coke-making department at Mizushima Works

Table 1 Received coal analysis

Photo 1 Central control room

(5) Two dedicated CRTs were installed and planned in
such a way that all tasks can now be initiated at
either of the two CRTs. Furthermore, the system
was planned so that all tasks can, as a rule, be started
by single finger motions on CRT keys and the access
time from the request for a start to display is kept
within several seconds. In addition, screens requir-
ing constant monitoring were planned in such a way
that data displayed on them is automatically updated
every 5 or 10 seconds.

Photo 1 shows a general view of the central control
room.

3 Quality Conirel Function
3.1 Evaluation of Coking Coal Quality

Table 1 gives main information items concerning coal
quatity which are important for quality control. This
data is obtained by calculation from manually entered
analytical values of coal received. The ¢-value is an espe-

Analysis item Use
) TW: Total moisture
Proxuinage VM: Volatile matter Prediction of
analysis
Ash coal ash,
B TS, and
Ultimate TS : Total sulfer P.0;
analysis | p,G,. Phosphorus pentaoxide
;P . .
Sieve o lus_ 3mm percentage Size monitor-
analysis | #0: Rosin-Rammler’s distribution ing system
constant. in coal
b - crushing
Grindability | HGI:  Hardgrove grindability index
MF: Common logarithm of
Plasticity Gieseler plastometer maxi-
mum fluidity Coke strength
e prediction
Coal rank ¢ (C;)lculated parameter using Eq.

cially important factor for estimating coke strength and
is theoretically expressed as a function of values of physi-
cal properties of coal (linear shrinkage coefficient,
Young’s modulus, and Poisson’s ratio) that affect the
thermal stress of semi-coke. In the actual system, the
mean maximum reflectance R, of vitrinite in oil and the
content TR of total reactives are estimated from Egs. (1)
and (2), and the g-value is calculated from Eq. (3).”

Ry = 1 (VMay, MF)
TR = g(VM,,, MF)
VM. Volatile matter (dry ash free base)

¢ = [a,(TR)? + a, TR + a,)R, + a,(TR)’
+ as TR + a;

a;: constant (i =1,2,...
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The total meisture TW, volatile matter VM, and ash
content of coal are analyzed and entered each time coal
is reclaimed for blending. On that time, predicted qual-
ity values of coal to be reclaimed next are determined by
statistical processing using the smoothing prediction
method. These quality values of coking coal are filed for
each lot, with lots classified according to coal brands and
dates of ship arrival.

3.2 Coal Blending Plan

At the Mizushima Works, each brand of coal is re-
claimed from the coal yard, crushed to a pre-determined
size, and blended by the yard blending method. There-
fore, blending plans are prepared for each bed. Conside-
ration was given mainly to the following peints in the
systematization to facilitate the work of the control
room operator.

(1) Coke quality prediction model

The total sulfur content (TS) and ash content of
coke are predicted from calculated values of total
sulfur content, ash content, and volatile matter of
blended coal. Coke sirength is predicted from
factors including the ¢-value, maximum fluidity
MF, —3 mmY% of blended coal, and the coke-oven
flue temperature, using a coke strength prediction
model. For further details the reader should refer to
the published work of Suginobe, ef of "

(2) Model for programming crushed coal sizes

When the target crushed grain size of blended
coal is given, the crushed sizes, —3 mm%, of each
lot of coal are automatically determined in conside-
ration of the effect of crushing on the improvement
of coke strength and the power consumption of the
crusher.

A theoretical model represents the effect of the
crushing of coking coal on the improvement in coke
strength. Results of calculation using this model
show that the higher the value of F.(MF — MF,)’,
the more finely coal grains should be ground.”

F.: Blending ratio of each lot of coal
MF;: Maximum fluidity of each lot of coal
MF: Maximum fluidity of blended coal

The results of a confirmation of this theory in
actual operation are shown in Fig. 2. The higher the
absolute value of a, the greater the effect of crushing
on the improvement in coke strength. It is evident,
however, that the higher the value of MF, the
smaller the effect will be. Therefore, when MF is
excessive, —3 mm®% of crushed coal for each coal lot
is planned, considering electric power savings of the
crusher. This parameter is given by Eq. (5}, which is
derived from a crusher power model shown in Eq.
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S=coke strength, DI}
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m =number of coals blended
P;=minus 3 mm crushed coal percent

Fig. 2 Coefficient a{(=385[dD) as a function of coal
blend maximum fluidity (MF)
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Table 2 Actual results of coal size preparation

) Case 1 m(.}as.e 11
Ame MF ; - 2.46 - 2.58
" Coal charge ¢ 0% | o098
B Coke strength DI {2 o 9377 7 7”97’3;3
Crusher power cons(x&wﬁﬁ_ncoal) 195 110
A_S-ize preparation parameter ‘ Expression (4} _E_)I(;l:ESS.l;)n (&)

3)

No.

where
b,, by constants

The parameters of P,, n, and HGI are shown in
Table 1 and # is calculated from »n, and HGI, as
shown in Fig. 3. .

Table 2 gives results of an actual operation in
which —3 mm% was planned using this model. In
this table, case 1l represents a case where the MF of
charging coal is excessive and hence the coal size is
planned in consideration of Eq. (5). A comparison
of case I with case I reveals no great difference in
coke strength and crusher power consumption
about 10% smaller than in case I
Checking the stock of coal

Stock of coal used for blending is checked, and a
judgment is rendered on the suitabifity of blending
ratios. This checking is conducted by gathering
information on the present stock, the planned ton-
nage of reclaimed coal, and the scheduled tonnage
of received coal.

An actuat blending plan is made in the following
manner. Results of blending at the preceding bed
are displayed on a CRT screen, and the blending
ratio of each coal brand, place code of the discharge
yard, average target crushed coal size (—3 mm®%) of
the blended coal, and coke-oven flue temperature
are inputted. Based on the latest information, the
computer prepares the prediction model and the
model for programming crushed coal size, and
checks coal stock, as discussed in (1) through (3)
above. Results are displayed on the CRT screen.
Quality specifications and stocks are confirmed and
a blending plan is prepared with corrective input as
required. In planning a lot to be received, past infor-
mation on the average quality of the same coal
brand is retrieved. Subsequently, predicted quality
in the blending plan is automatically corrected when
analytical values of the received coal are inputted.
Planning jobs which previously required a great deal
of time can now be quickly on site, due to the intro-
duction of this computer system.

13 September 1985

4 Operation Control Function

4.1 Stmplification of Operation in Control Room
4.1.1 Starting of conveyors and other equipment

To start equipment such as conveyors, from the
control room, it has to date been necessary for operators
well-acquainted with the machines to manipulate
numerous selection switches without error. In this sys-
tem, all transport system combinations are numbered,
and start numbers can easily be judged from CRT infor-
mation, lightening the burden of operators. Functions
which characterize each process are outlined below.
(1) Receiving process .

There are 70 receiving route combinations. Fre-
quent route changeovers are required when many
coal brands are unloaded simultaneously. In such
cases, complicated operations have so far been
required for starting conveyors and setting sampl-
ers. A sampler isinstalled for each of three receiving
conveyor lines; each sampler 1s equipped with four
sample bins. It has so far been necessary to set the
sample bin and the sampling intervals each time
routes are changed.

In this system, the following measures for sim-
plification were taken to solve such problems, A
yard plan, made beforehand, is first displayed on the
CRT screen and the number of a lot for which
unloading or a route changeover is to be carried out
is inputted. The conveyor route diagram and its
route number are automatically displayed on the
CRT screen when the input is normal (refer to
Photo 2). At the same time, allocation of coal brands
to the sample bins, the above-mentioned sampler
setup, procedures and the monitoring of sampling
are automatically carried out. Incidentally, the con-
veyors are started by inputting the route number to
the sequencers. Therefore, the operator can start

Photo 2 Conveyor route guidance display
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Photo 3 Coke transportation process display

the conveyors without a complicated operation, pro-
vided he identifies unloaded lots correctly.
(2) Discharging process :
The discharging process is composed of two lines.
Each line is equipped with a surge hopper and three
impact-type crushers. In this process, the deter-
mination of the surge hopper discharge rate setting
and the control of crushed coal sizes required skill
and experience. These jobs were standardized, per-
mitting systematization. Details will be described in
4.1.2.
(3) Charging process
A total of six coal bunkers is installed for the coke
ovens. Changes in stocks are predicted for each coal
bunker from present stock and the production plans
of each coke battery and displayed on the CRT
screen. The operator monitors these stock levels
and determines route numbers.
(4) Coke transport process
The operator, by means of the CRT, monitors
information on the coke bunker stocks of each blast
furnace and coke wharf stocks (refer to Pheto 3) and
determines route numbers. To optimize suction
volumes necessary for dust collection, changeover
dampers for bag-filter type and wet type conveyor
dust collectors are set, depending on whether the
transported coke is CDQ coke or WET coke.

4.1.2 Crusher operation guide

The gap between the crusher impact plates and
baffle plates is usually adjusted when the coal size after
crushing has been ascertained. Coal size measurement
is very time-consuming. Furthermore, the gap adjust-
ment varies by type of coal and feed rate to the crusher.
Therefore, attaining competence in making such judg-
ments required to many years’ experience.

A theoretical model of the crusher had previously
been created to solve this problem.” The model was
modified at the time of this systems design. Equation (6)
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Phote 4 Crushed feed rate guidance display

represents the basic equation for the crusher.

W =2 [(c,In P -

yHGI

{c;In Py) llzn“]

where
W: Power consumption by the crusher
(kW)
W,: No-load power of the crusher, which is
constant (kW)
: Coal feed rate to the crusher (t/h)
HGI: Hardgrove grindability index of coal
P,, P: Weight percentage of +3 mm coal
before and after crushing
n,, n: Parameters showing the size distribu-
tion range before and after grinding,
which are Rosin-Rammler’s distribu-
tion constant
c;, ¢;: Constants

HGI, P, and n, are retrieved from the analysis infor-
mation on received coal shown in Table 1. W is calcu-
lated from load current signals of the crusher and Q is
given by conveyor weigher signals. The parameter n was
investigated in actual operation; it was found that, as
shown in Fig. 3, n can be calculated with high accuracy
as a function of ny and HGI. Therefore, P can be calcu-
lated by substituting these numerical values in Eq.(6).

The actual system using Eq.(6) is as follows, The ope-
rator displays a blending plan for a bed on the CRT
screen and enters the number of a lot to be blended on
the screen. When the input is normal, the target surge
hopper discharge setting is displayed (refer to Photo 4)
and the constant feeder is automatically set. This target
value (t/h) is determined from the target crushed coal
size and the maximum load current value of the crusher
using Eq. (6). Furthermore the value is corrected in
consideration of the moisture of coal and the transporta-
tion capacity of equipment. The introduction of this
system has resulted in an increase in Q and a decrease of

KAWASAK! STEEL TECHNICAL REPORT



Rosin-Rammler’s
distribution parameters
calculation

ﬂ Fo,
HGE
Computer files

Received coal

sieve analysis N
Size

data

Hardgrove
grindability
analysis

N —
Each coal —3mm%

target determined 7

by the optimum On-line
model prediction I’

e —

" Crusher load

{t/h, A) Crusher operation guidance

Fig. 4 Crushed coal size monitoring system

about 0,03 kW - h/t in power consumption.

As shown in Fig. 4, coal size after crushing is pre-
dicted online. Changes with time and guidance for cru-
sher gap adjustment are displayed on the CRT screen,
Asaresult, it has become possible to save labor in on-site
coal size measurement for crusher gap adjustment pur-
poses and to improve the accuracy of —3 mm grains.

4.1.3 Monitoring of process condition

The monitoring of the entire process is performed
during operation by displaying the condition of the coal
preparation process (Phote 5) and the coke transport
process (Photo 3), usually on two respective CRITS.
Necessary information is displayed on screen by nume-
rals, graphs, and color, with data updated every 10
seconds. Furthermore, alarm messages are displayed on
the same screens in case of any abnormality in equip-
ment. In addition, the latest information on related
equipment operating conditions is displayed, along with

Photo 5 Coal preparation process display
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Photo 6 Conveyor load trends display

that on subsequent operating condition changes, in
time series (Pheto 6) to facilitate monitoring by the ope-
rator.

4.2 Bedding Control

Bed longitudinal quality variation ¥ (X), is given by
the following equations.>"

V(X) =0h 40} covvremrmannn 7
2 _Av < 2
0h == Z Figh - oovereenee ®)
B F=1
2 ”
ai=(ﬂ) 2 Xid], )
B i=l
where
A: Average stacking rate of the stacker (t/h)
B: Bed size (t)
v: Average traveling speed of the stacker
(h/layer)
X, Quality characteristic value of coal brand
(%}

m: Number of coal brands biended

gy : Standard deviation of quality characteris-
tic value of coal brand (%)

o;: Standard deviation of the number of
stacked layers in the longitudinat direc-
tion for coal type (layers)

o : Quality variation in the longitudinal
direction of the bed, which is a function of
Ty

[

o p; Quality variation in the longitudinal
direction of the bed, which is a function of
a;

The g -and & »-values of ash in coal were investigated
and it was found that, as shown in Table 3, the contribu-
tion of ¢, is great. This is because o, takes a certain
value between 0 and | since the starting and finish posi-
tions for bedding any coal type are random. Therefore,
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Table 3 Calculated o-values (%} of coal ash in the
longitudinal direction of a bed

|
Stacking method ‘ ag op . Vog+opt
Random stacking 002 0.059 ‘ 0.06
Controlied stacking | 0.023 0.020 \ 0.03

Pheio 7 Yard blending process display

theoretically o p is zero if the starting and finish positions
are controlled to the bed ends.
The following system was developed based on the
above-mentioned considerations:
(1} Circuit for automatically moving the stacker to the
bed end at the start of bedding
{2} Circuit for temporarily stopping the stacker travel
when the coal amount becomes insufficient during
stacking, so as to prevent a forming of a discontinu-
ous layer
{3) Control system for setting the bedding finish posi-
tion at the bed end (see Fig. 5)
This finish position control starts when a predeter-
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mined quantity of coal has been reclaimed from the coal
yard. Calculations are made from the position and travel
direction of the stacker and surge hopper stock, and
surge hopper discharge settings are automatically
changed so that the finish position corresponds to a bed
end. The stacker pesition is reset to zero at the turning
point and the rotation of wheels is converted to pulse
values for calculation. The travel direction is judged
from signals sent from the turning points at each end.
Photo 7 shows an example of a CRT screen for monitor-
ing bedding conditions, including stacker operation.
The value of & p decreased to 0.020% as coal ash after the
introduction of this system (see Table 3).

4.3 Decument Preparation

The greater part of documents necessary for quality
control and operation control is now prepared by com-
puter, and manual work has been substantially reduced.
Monthly reports such as matrix analysis of equipment
and equipment problems, power consumption tables for
each operation, conveyor idle time tables, are contribut-
ing to a decrease in maintenance problems and to better
electric power savings results.

Chemical coating instructions for coal stockpiles are
described as an example in daily scheduling jobs. A sur-
face-hardening agent, a filmforming agent, and a water
penetration inhibitor are applied by a chemical spraying
car. Spraying operations are divided by purposes into the
spraying of the above-mentioned three chemicals by
stages just after the receiving of coal, spraying work
carried out at constant intervals thereafter to repair dete-
riorated films, and spraying work for exposed surfaces
each time coal is reclaimed. Because the coal storage
yard stores 70 to 80 lots, daily work instructions are
given by the computer so that chemicals use will be
appropriate and economical. Information on each lot in
the coal storage yard, such as history of past sprays,
stock, delivery plans, exposed surfaces formed by dis-

KAWASAKI STEEL TECHNICAL REPORT



Stockpiles spraying instructions issued by the
computer

charge and predictions of rain and wind on the following
day, is necessary for giving work instructions. Results of
spraying are entered through the CRT each day after the
completion of work and are then used in the spraying
history. Stock, delivery plans, and the existence of
exposed surfaces are judged from retrieving operation
data. Weather conditions at Mizushima Works are pre-
dicted using a discriminant function based on the
wedther forcasts of the Okayama District Meteorological
Observatory. An example of work instructions is shown
in Fig. 6.

5 Conclusions

In October 1983, Mizushima Works completed a
quality and operation control system, using process
computers, for the coal preparation and coke transport
processes. The system has since been operating

Ne. 13 September 1985

smoothly. The computer system includes the following

software functions:

(1) Coal blending planning using a coal quality evalua-
tion model, a coke strength prediction modei, and a
model for programming crushed coal sizes

(2) Setting of operation conditions and process moni-
toring

{3} Automation of data preparation and issuing of work
instructions

Owing to the adoption of this computer system, it has
become possible to stabilize quality and operation, to
save electric power, and to adopt one-man operation of
the control room, covering both coal blending and ope-
ration planning.

At present, Mizushima Works is improving the level
of quality and operation control in these processes by
adding the new function of coke-oven combustion con-
trol and, in addition, a personal computer network to
this system.
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