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Capacity Modelling in a Stripping Bay

Simulation Study*

B. Hazel

Description of the Situation

The model of a steelplantwith steel making, plate and sheet

rolling and rod drawing facilities will be consideredand

described.

The annual production will be approximately 200 thousand

tons to be increasedusing the same steelworksequipment. The

production should rise by increasingthe weight of a melt by

sixteen tons ( by enlarging the capacity of pouring ladles) and

by increasingthe output in the furnaces by approximately7t

in an hour (intensification of the production by increasedoxygen

supply). The problem consistsof answering the question as to

how the change in production will influence the work of the

casting bay and the stripping bay. Let us consider that there

are some organizationaldifficulties in the material flow and

therefore some lossesoccur due to insufficient capacity.

The material flow in the steelworkswill be representedby the

scheme:

stripping
bay

casting
bay

r-._--
steelmaking

shop
material

_ .._--, preparatoryi-' Ｍ Ｍ Ｍ ｾ

bay

The steelmakingshop is equippedwith five furnaces of the type

Maerz-Boehlens,all of them with capacity of 200 tons. The

casting takes place in one of the available mould-trains. The

full number of thesemould-trains is 14 with 28 moulds in average

on each.

In the stripping bay there are three stripper cranesof 250

tons eachwhich can functionally substitutefor each other, i.e.

to carry out both stripping and depositingof the moulds.

* Realized in cooperationwith the Institute INORGA, Praha, CSSR (14)
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A very important part of the stripping bay is a cooling bank

to lay the stripping moulds on. The maximum capacity of

this bank is 565 moulds.Throughthe bay goes the line with the

capacity of three trains for transportingthe bogies.

The majority of production functions and all preparatory

functions are made in the stripping bay, i.e. fettling, exchange

of mould bottom plates, placing of sheetbillets and placing the

moulds. For other sorts of material all preparatoryworks are

made in other parts of the steelworksand only the moulds are

placed in the stripping bay. The transportof the material

betweenparticular bays is carried out by mould-trains carried

by Diesel- electric locomotives.

We can divide the production into two main groups according

to the quality of the steel. One is presentedby teeming un-

killed steel and the other by the up-teemingof killed steel.

Only a small part of the production is done in any other way,

e.g. unkilled steel with up-teemingand killed by teeming.

The level of the production is influenced by the fact

that every part of the production has its own working rhythm

which causesthe irregularities in the material flow.

Objectives of the Simulation Model

The problem of how to increasethe production by techno-

logical improvementshas been found. There is then another

problem if some slow down occurs in the auxiliary parts of the

steelworks, i.e. by the casting bay and stripping bay. The

increaseof the production assumesthat it will not influence

the throughput of the steelworks, i.e. that no delay of the

transport and circulation of the bogies will occur.

Problems to be Solved in the Model by Simulation

( i) estimatethe number of mould trains to cover the transport

requirementsfor the planned volume of material

investigate the efficiency of cranes in the stripping bay

investigatethe capacity of the cooling bank

(There exist some physical size limitations for making re-
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constructionsof the stripping bay by increasingthe capacity

of the cooling bank.)

The objective of the problem is to build a model which will

respect the technologyof the processwith the possibility of

verifying discussedvariations of changesin the production,

i.e. in the number of individual machines, changesin the

organizationof the work etc.

Methodology for ConstructingIndividual Models

The problem arises from a relatively complicatedserver-

queuing systemwhere the serving channelsare formed by individual

componentse.g. stripping bay, casting bay, rolling mill etc.

Theoretically the study is basedon a multiple server queuing

problem. According to complexity of the problem and a great

number of factors influencing the solution, it is very difficult

to find some ready model or describedanalytical method. We

decided to use a simulation techniquewhich is recommendedin

the literature for solving such problems. A very significant

factor for constructingsuch a simulation model seems to be

compilors for simulation languagesbeing very suitable for solving

queuing problems on computers Ｈ ｾ ｐ ｓ ｓ Ｌ SIM ULA, SL\1SCRIPT, SIMON,

CSL etc.). The problem could be solved as a single model re-

flecting the processof the stripping bay. It was decided to

use an iterative way, i.e. to give precision to the simulated

model step by step. Therefore a model describedhere as Model I.

will representthe reality in rough features, but will take in

charge the influence of the environmentalprocessof the stripping

bay. Model II. will representthe reality of the stripping bay

in more detail, resulting from the ｾ ｯ ､ ･ ｬ I.

Input Data for the Models

Tne following have been used as input data:

-statisticalmeasurements,organizeddirectly inside the process

during a week period

-mathematical-statisticalinformations evaluatedfrom the
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production sheets (averagesand relative frequency distribution)

-some results from the Model I. as inputs for the Hodel II.

As results from the statisticalmeasurementssome time

indications of duration intervals of individual operationshave

been received.

Time Observations

Time intervals between individual tapping of iron from all five

furnaces (see figure I indicating probability of intervals

between tapping) specified time for placing of teemed ingots,

time for stripping of one set of ingots and time spent in the

rolling mills etc. Data indicating the time intervals of

individual operationsare either by an averageand a spreador by a

distribution function of probable duration of the operation.

!>1 odel I

The circulation of bogies will be describedby figure 2.

There will be some simplification introduced:

- the production of only two qualities will be foreseen ( the

teeming of the killed steel and up-teemingof non-killed steel)

- transportdifficulties influencing the production capacity will

not be considered

- some componentsof the model are not very realistic

(i) The rolling-mill is consideredhere only for completing

the cycle of the bogies circulation. The production of the

rolling-mill representshere all activities from the moment

when the bogies leave the stripping bay until arriving for the

operation "ready for up-teaming", or until they comeback to the

stripping bay.

(ii) In the stripping bay no capacity _limitations for stripping

craneswill be consideredand no mentionedactivity has priority

to another.

The formulated!>1odel I was written in the languageGPSS/360

for the ｉ ｂ ｾ 360/40 computer. The simulation languagefirst

generatesin the interval of 85 minutes consideredin the number

of bogies (in our case fourteen). These 85 minutes representthe

averagetime for the tapping of one of the five furnaces. The

bogies go through the operating facilities by seriesparallel

mode where the time intervals are given empirically by ascertaining

an averageand a spread. The sampling of the time is followed

by sampling a random number from the interval E < 0; I , where
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by suitable function transformationwe receive relevant, .

correspondingtime. Into the model some blocks are included

containing statistical information about queueswhich are formed

aheadof some serving facilities. Queue No. one, formed before

the teeming bay is very important. The number of mould trains

waiting in this queue must not be loweI than one (in the moment

of tapping one of the five furnaces) becausesuch a situation

occprs that the melting processmust wait for the bogie. The

time unit for the modelling will be one minute. For later

simulation and better analysis an ascendingreduction for hours

and days will be done.

The first generatorfor mould trains stops after 1,190

minutes (14x85). Up to this this time the number of bogies

neededwill be generated. This generatorcan be used not only

in running-in period of the model, ( in reality the production

flow startswith the placing of the moulds on the bogies) but
,

the different numbers of trains we can put in the program

according to the requirementsof the experiment.

Another generatorsimulates the formation of melts according

to the probability distribution time intervals of the tapping

which are empirically ascertained.

The teeming into the moulds on the train will be realized

in such a way that both will be synchronizedwith the movements

of different transactions:the melting processwill wait for the

bogies (;eneratorNo.2) or bogies will be waiting for the tapping

(GeneratorNo.1). The real synchronizationwill be achieved

either when the bogies wait for melting or vice-versa.

Model II

This model will answer another question indicated by the

objectives for the study: to simulate the function of stripping

cranes.

It was necessaryto make some simplifications here:

(i) Only two functions of cranesare identified: an active one

for placing the moulds and for stripping; and break-downs.

(ii) The arrival of mould trains into the stripping bay will be

consideredby the same distribution function as generated

for tapping of the furnace for Model I, but there are

double requirementsfor the stripping bay: a mould train
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will be occupied during the positioning of moulds

again while the ingots are stri?!,ed. 'rhat is

the reasonwhy the random values sampled from this

distribution function are doubled.

(iii) Half of the generatedmould trains will be occupied

for stripping and the other half for positioning the

moulds.

Schematicallythe problem will be shown by the picture

mould train for
positioning the
moulds

Figure 2

(\J
(\J
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stripping crane
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The trains for stripping and positioning are divided into

three parts so that the three trains can be located here at

the same time. In the model the sectionsare realized by six

working units in series. Every mould train can be served by

one - three craneswith the restriction that the outstanding

cranes (here one and three) cannot be used on the opposite side

of the bay (crane No.1 for trains 13 and 23, crane No.3 for

trains 11 and 21).

The model operateswith requirementsrepresentingthe

mould trains. For better expressreality i.e. several trains

can work for one train at the same time, it will be useful

that one requirementwill representone ingot.

The languageGPSS/60provides a possibility for this trans-

formation. The original train comes into the block SPLIT

where a number of copies will be reproducedfrom the original

requirementas needed. In our study we use fourteen because

a double ingot forms a unit. These copies will be unified
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again into one transaction (in the ａ ｓ ｓ ｅ ｾ ｂ ｌ ｅ block) after

processingas a complete train.

The strategy for specifying a priority for selectionof

the sequenceof requirementswill be explained. It will be

assumedthat the stripping has higher priority than the position-

ing of the moulds according to the temperatureloss and economic

loss as well since the ingots in the soaking pits must be re-

heated. For that reasonthere is a device enabling a break to

be made in the work on the train which is occupied by placing

the moulds and pass to the train ready for stripping.

The information concerning the breakdownsof the cranes

will be inserted into the model by a special generator. This

generator,according to the empirically compiled distribution

function, createsrandom breakdownswith higher priority than

stripping. The choice of the "crane under a breakdown" could

occur in any of the three craneswith the same probability. If

a breakdown occurs, the function of the crane will be immediately

interrupted for a certain time Period chosen from the empirical

distribution of time for breakdown duration.

Validation of ｾ Ｑ Ｐ ､ ･ ｬ ｳ

A very important phaseof the simulation techniqueprocedure

is the validation of the model. One common criteria for

validation of a model is coincidenceof results gained by obser-

vations of the behaviour of the model and reality. This common

criteria must be specified for each case very precisely. For

the constructionof our model more precise goals have been

presumed. Thus it seems to be necessaryto evaluatesome criteria

for testing the validity of the model. For ｾ ｯ ､ ･ ｬ I it was

mentioned that determinatecriterion were:

- the coincidenceof total time period for circulation of mould

trains ｢ ｯ ｴ ｨ ｾ ｴ ｣ ･ ｭ ･ ､ Ｇ Ｎ ｡ ｮ ､ Ｍ ｵ ｰ Ｍ ｴ ･ ･ ｭ ･ ､

- characteristicsof queus arised before the blast furnace teeming

bay and a stripping bay comparedwith the real figures

Significant criteria for Model II were:

- the time behaviour for the throughput of mould trains in the

stripping bay and the averageefficiency of individual cranes
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All criteria mentioned here proved to be sufficient for

validation of both Models I and II.

The problem of validity is tied up with the question of

the time we need for simulation. If the time is too short,the

results are distorted by the running-in of the model. If the

time is too long, excessivecomputing time is required with a

negative influence to the economy of the study.

To determine the minimum running-in time required, we can

go out from the existing number of nodes. As a node, we under-

stand the source of random quantities, the servicing points

(componentsof the model), but also the queuesarised before

some components. In our Model I we use practically only one

generator (No.2) of random quantitiesbecausethe other generator

(No.1) is determinedand after a relatively short time stops

itself. Besidesa constantnumber of nodes in the model, the

running time is influenced by the number of possible routes of

requirementsand the value of probability. The routes with small

probability have much longer running-in characteristicsand are

therefore the weakestspots of the model.

The investigationof the running-in time of the model could

be shown on some characteristicsof the model. The running-in

time 'would be measuredｾ ｹ the-numberof mould train ｣ ｩ ｲ ｣ ｵ ｬ ｡ ｴ ｩ ｯ ｮ ｾ Ｌ

i.e. the time trom when the tr.ain leaves the teeming bay until it

comes back again. Under our considerationare:

- the averagetime for circulation (t) divided according to the

different kinds of teeming and the standarddeviation (6t )

the averageutilization of selected, in series, working,

servicing facilities

the averagetime for one train spent in queueswhich could be

a weak chain-link of thp model

Tables four and five _ indicate the case where the system

consistsof fourteen mould trains where 20t of all melting is '
done by teeming and 80t is done by up-teeming. The time is in-

dicated in minutes and the servicing facilities utilization in

one fraction (e.g. the utilization on 54.5t is indicated on the

table as 0.545). (Note: The dotted line means that further ex-
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ｾ Time of mould train
OUJ circulations Avera.c;e utilization

HHl::
0)'.-10 upteeming teemin.g of servising,Q ()•.-I3 .p facilitiesCrictl

:z< Orl ｾ .at ｾ At

50 1243,8 172 702,4 248 0.565 0,288 0.176
170 1288,3 224 873,2 230 0,419 0,243 0,181
600 1272,5 191 878,2 198 0,1)12 0.308 0,180
800 1277,9 189 874,6 192 0,1)53 0,337 0,177
-- -------- ------"-------------- ｾ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ
800 1288,8 208 892,1) 174 0.793 0,364 0,168
800 1277,6 186 879,8 11:)4 0.1)22 O,vq 0,176

Figure 3

number Before the Before the stripping' ba;,- Before the
of ciI'-
｣ ｵ Ｑ ｡ ｴ ｩ ｯ ｾ teeminf" baY positioning' strinping- teeming-

1:)0 423,7 0,9 0,00 60,2
11)0 544.2 1,g 0,06 30,1
600 547,0 2,8 0,20 80,3
800 545,1:) 2,7 0,19 82,6
------f------------- ---------- ---------- -------------
800 753,8 3,1 0,15 95,1
800 544,8 2,1 0,15 92,6

Figure 4 Average time for one train spent in ｾ ｬ ･ ｵ ･ ｳ

product number of trains
mix 13 14 15 16 17

70 ; 30 x 1674(1) 1716(1) 1662 1722
75 · 21) 1675 1660(1) 1657(3) 1676 x·80 · 20 1704 1703 1722 x x·
70 : 30 x 1843(30) 1754(3) 1843(I)) 1742(5)
75 · 25 1823(49) 1858 1828(5) 1875(31) x··80 : 20 1808 1820 1826 x

I
x

Figure 5 Proportion of proc'luct mix to the number of trains
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pcrimcnts with 300 circulations were carried out with ､ ｬ ｦ ｦ ･ ｾ ｅ ｮ ｴ

initial values of the random number generatorwith the reset of

statistical files)

In further experimentsin which all circulations will pass

through the model 800 times, the time was taken as a sufficient

period for a simulation experiment. Some distortion of final

statisticaldata during the running-in period has been removed

by repeatingthe first 200 circulation from the beginning, thus

every experiment is now limited by a time of 1,000 circulations.

Experimentingon the Models

The final analysis of the simulation model and its behaviour

in different conditions will now take our interest. The experi-

ments must be held in the following different ways:
)

- the influence of different numbers of trains on the volume of

the ｰ ｾ ｯ ､ ｵ ｣ ｴ ｩ ｯ ｮ has beeri investigated

- how the changeof sorts will influence

- the accelerationof intervals

- tapping (increasingthe production)

- last but not least the behaviour of the model during an

artificially preparedbreakdown situation

For calculationsof one year's production some simplifications

have been made by consideringuniform production during the other

eleven months as in the first month. The results are shown in

Figure five. Each item on the table representsa realized pro-

portion of the chosen sorts of products- presentand increased

production. Figures indicate a combination of number trains and

sorts where no delay of the melting processfor the train could

occur. Some items with figures in brackets indicate how tapping

must be detainedfor insufficiency of the transport.

We can conclude from these figures that for the basic ratio

of sorts-products30;20, the increasingof production can be

realized without any technologicalor organizationalbreakdown

by using 13-16 trains. For the ratio of 70:30 the situationswhere

we insert 16 or 17 trains are more favorable, but only under the

presumptionthat the production will not increase. We can say

that the model is more sensitive to changesin producedsorts

than to considerednumbers of trains in circulation.
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Other interestingremarks could be obtainedby in7estiga-

tion of the dependenceof sorts and trains on the production

volume with the averagetime which the trains spend waiting in

the longest queues,namely in front of the steelwork and the

teeming bay. The queue in front of the teeming bay (Figure 6.)

is most effective on consideration about the production of

higher quality sorts (by teeming). Unusual increaseof the

waiting time for the trains in front of the teeming bay and

decreaseof the waiting time for casting necessitates(for 16

trains and the ratio of 70:30) a decreasein production or delay

of melting. Table No. Six indicates the waiting time average

in 400 minutes. When the averagewaiting time is shorter, the

melting processwill be delayed by the transport, e.g. in sorts

with ratios of 75;25 and 70:30 it will be more than 50-80

minutes.

Some Remarks Regarding the Constructionof the Model

The performanceof one simulation experiment, i.e. 200 + 800

circulations lasted approximately three to five minutes on the

IH1 360/40 computer. In this time all necessarychangesare in-

cluded into the model due to both changesin sorts of products

and number of trains. The simulation languageGPSS/360was

shown to be very flexible for this purpose.

Conclusions

The describedsimulation method has ｳ ｨ ｯ ｾ ｭ many ｾ ､ ｶ ｡ ｮ ｴ ｡ ｧ Ｒ ｳ

in comparisonwith other methods for decision making as to how

to increasethe production effectively with no other investments.

In this study, which was practically applied to an important

steelwork in the CSSR r the expectedobjectives have been fully

validated by increasingthe production by 200 thousandtons of

steel in a short time.
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Figure 7. ｾｾｯ､･ｬ I
Flow diagra.m of
the GPSS program
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