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CHAPTER 1
INTRODUCYION

Cf the primary mineral industries of the nation, processing of iron ore
into:pig iron and steel is very important. With the rapid changes in tech-
nology, new competitive materials, and the rising foreign imports, the steel
industry is facing a constant challenge to improve its efficiency. The steel
plant processes are both expensive and productive. Thus evern a one percent
improvement in yield has an impact on its fight for survival., The best way
to-meet this challenge is through the utilization of all aéailable resources
effectively and efficiently. This can only be achieved through a thorough
study and understanding of the process coupled with the practical experience
gained ‘in the industry.

The purpose of this study is to determine the capacitv of the scaking
pit-in the steel plant given the various parameters. The usual method of
easing scheduling problems caused by non-uniformity and uncertainities is to
provide more operation units than would be needed. Solving this problem by
adding carpitzl equipment such as soaking pits and crane is such an expensive
approzech that the optimal control and scheduling schemes are well worth

investigating.

a9

This chapter includes a general description of an integrated steel
plant-and its bottlenecks. It alse includes a discussion of the soaking pit
and crane operations. Chapter 2 is on literaturve feview. Chapter 3 dis-
cusses ‘the proposed problem including the assumptions. Chapter 4 is devoted
to:the :simulation model and the computer progrémj A discussion of the

results is made in Chapter 5 and the conclusions are included in Chapter 6.



o

1-1, DESCRIFTION OF AN INTEGRATED STEFL PLANT

The schematic diagram of a modern integrated steel plant is shown in

rxy
e

g, 1. The molten pig iron that is produced st the blast furnace plant is

o]

sither brought in ladle cars and pecured into a mixer, or sent to the cast
house where it is cast into pigs. A mixer is a large refractory~lined cylin-
drical vessel, mounted horizontally on rollers or trunnions so that the metal

L

can be poured from a spout in its centre by merely tilting the mixer.

The chief function of the mixer is to furnish storage space for the pi

0g

iron, so as to make the steel making process unaffected by the time interval
batween casts, Thus a minor breakdown or a delay either at the blast furnace
or at ths steel making furnace will not affect the other, Irregularities do
occur in the blast furnace operation, and sometimes it takes a long time to
discover the defect and rectify it. Another advantage is that the composi-
tion of metal can be controlled within narrow limits, which is hard to
achieve at the blast furnace, inspite of great advances in its operation.
The mixer also keeps the metal molten for an indefinite period of time., The
conservaticn of heat effected by the mixer is but one example of the heal eco-
nomy effected in an integrated iron and steel plant. At every stage in the
making and shaping of steel, the material must be maintained at a high temper-
ature to perform a required operation.

Steel is produced in a steel making furnace usging either the molten
iron from the mixer or scrap or both, It is then tapped into ladles, The
ladle~~-cup shaped--is a large refractory-lined vessel equipped with trunnions
on either side by which a crane supports it, The ladle is *transporied by a

crane te the pouring platform and teemed into cast iron molds waiting there

on a ‘drag’ of railroad cars, The drag of molds is held for a time specified
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by the metallurgical department. They are then brought to the stripper yard

where the niolds are stripped from the ingots by the stripper cranes,

ndustry

Producing an ingo® is an important operation in the steel

Even well made steel may be completely ruined by the poor i

gy

course a poorly made steel can not be made into good ingots with the best
inget practice

After th molds are stripped from the ingots, the ingoets continue their
journey to the soaking pit and are charged into the pit by an overhead travel-
ling crane. After attaining the required temperature, the ingot is removed
by the same crane to the 'ingot chariot', usually a rail mounted car, which
deposits it on the end of the 'live roller table', These live rollers trans~

port the ingot to the blooming mill or slabbing mill.

This study is centered around the soaking pit.

1-2, BOTTIEZNLCKS IN STEEL MAKING

. The processing times in the steel making furnaces are difficult to pre-

dict accurately, This is true with all the operations in the steel plant.

-

The number of ingols produced per heat may also vary from one cycle to
another, Scmetimes the chemical analysis might show that the steel produced
can noi be used for that specific purpose. It has to be scrapped. Further

breakdowns do occur with the equipment because of heavy use. These are very

difficult to prediet in time, location and duration. The goal of attaining a
smooth flow will be accentuated by operating different departments for dif-
ferent hours a day.

There is also a tendency to concentrate the efforts on the outputs of

the blast furnace, siteel melting sheps and rolling mills, neglecting the

other ailied aspects of the whole complex. If proper atiention is not given
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in the design.and operation of the soaking pit, it will become a serious bot.-
tleneck, The railroad track in the ingot processing area can become a bottle-
nsck too, at high operating levels or when the exisling facilities are
expanded. The operating levels at which this bottlenecl occurs, deperd upon

the: location of the steel making shops, the railroad track layout, and the

mumber of engines and railroad cars available [18],

1-3,. THE SOAXING PIT

For an ingot to be properly fabricated by either forging or rolling,
the mstal must be at the proper temperature and also the temperaturs of the
mass-must be uniform. As the ingot is stripped from the mold, it possesses
neither of these requirements; so it must be given a preliminary conditioning
treatment before it can be worked, When the ingot is removed from the mold,
the. outside is cooler than the interior-~in fact, big~end-dowm ingots are
often stripped before they are entirely solid, particularly when made of the
sgmi~oxidired class of steel. This unevenness of temperature of the ingot
must be remcved by soaking the ingot in a pit furnace, called a 'socaking
pit',. This is done until the ingot is solid and at a uniform and desired

temperature.

)

The scaking pits used today are of three differeni designs--ithe revers-
ing regenerative type of pit, the one way fired recuperative pit and the cir-
cular non-regenerative pit. A heavy, brick-lined steel cover is provided for
the upper opening of the pit. The cover is equipped with wheels which run on
a: track laid on each side of the pit. When the charging is completed, the
fuel flow rate is maintained at a preset maximum until the furnace tempera-

ture reaches the set value. At this peint the temperature controller regu-

lates:

el

ha fuel flow, to keep the furnace temperature fixed at the set point,
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watil the ingots are drawn from the pit. The fuel is usually cut off when

charging or drawing ingots. The Iingols ave plsced upright in the pit and

&

spaced in such a way thah all the sides ara heated evenly and yet the flomes

The correcl temperature for rolling or forging will deperd upon the
sated, Rolling temperatures of 2180°F te 245071 have
been used in practice [5]. The tempsrature at which rolling is commenced
should be adequate enough tc allow the deformation of the material without
need for excess power, Also the material should be at the desired tempera-
ture &t the completion of hot work, since this temperature will affect the
properties of ths steel in the ‘as rolled' condition [2].

The higher the temperature at which the mestal is rolled, the easier it
will deform and the lesser the power required. On the other hand, it should
not be heated enough to begin to melt. If the temperature is excessive, the

steel may also be burnt. When the ingots are rolled at high tempsratures,

\

ney are likely to crack unless very carefully handled. The interior of the

~

bloon cr billet will be porous also, causing a serious defect called a 'coky

<

. . 1

centre®, TIn the other case, if it is underheated the power required to cause

the deformation lineresses, which may in turn nscessitate the reduction of

=
iy

relling spesds, Further, it is difficult to obtain the desired section,

the ingot is hsated unevenly, it will cause uneven reductions in area on sub~

sequent rolling, It will often lead to the formation of mechanicel defzcts,

1-4, A DISCUS3ION OF THE SOAKING PIT CPERATION
The sealding tims of an ingot mainly depends on its quality and its
track time. Track time is the time interval betwsen the completion of teem=

ing and charging of the ingot into ths scaking pit, Immediately after the
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teeming of an ingot is completed, the liguid interior which iz surrounded by
a s0lid skir or chill, will be at a temperature of approximately 27C0°F,
deperding on the compcosition of the steel, For subsequent rolling of this
ingot, it must be at a temparature of approximately 2200°F. Theoretically,
it. should be possible to stripr the ingot from the mold and transfer it imme-
diately to.an unfired soaking pit; then the heat from the interior can dif-
fuse giving a uniform temperature of the desired value throughcul the ingot.
Buir Brancker et al. [4] noted, that although the steel at tapping contains
P .

5 therms/ton* more heat than is required for rolling, no less than 10~20

-

LY

therms have to be supplied in the soaking pits. It cthould also be noted,
that in order to restore the heat lost during one hour of cocling, two hours
of heating in the scaking pit is required [2].

s:is:noted earlier, the only way to reduce heating time in the soaking
pit- is:to maintain a low track time and charge the ingots Immediately after
they "arrive, . At the other end if casts are charged in rapid succession into
the soaksrs, later there will be a surplus of ready-to-roll casts: they
inerease: their occupancy of the soakers and again the throughput is decreased.
Conversely, 1if there is a dearth of casts to charge at any time, this may
Jead later to a dearth of ready-to-roll casts and to idle time of the mill,
This will again decrease the throughput of the whole system,

Tﬁe sozking pits and the rolling mills are usually designed to take the .
euntire output of the various melting furunaces without overloading them. When
there i5 a breakdown either at the mill or at the soakers, more casts ara
delivered to the soakers than they can accomodate. Such casts will go cold

anid rmst be reintroduced to the soakers at a later time., If different

3

1. Therm = 100,000 BTU



departments are working in different shifts, the casts produced during a par-
ticular time may be classified as cold,

Thus 2 strategy for introducing cold stock to the sozkers is required,
If the process times for steel making, tapping, stripping, transporting and
rolling are deterministic, a schedule can be drawn; but the high varisbility
of "the process times makes such a planning very difficult. An undersitanding
of "the implications of the different decisions will aslp a lot in arriving at
azcorrect course of action,

Beczuse of the vast difference in heating times for cold and hot mate-
rial, it is necessary to forecast the hot arrivals to determine if a cold
cast should be charged to the soékers. This major decision depends on the
need for the hot supply to be augmented in the future and on the ability of

sealsrs -to accomodate both the cold casts and the following hot casts.

Errors in the forecasts necessary in meking decisions to charge cocld
!

ingeots can lead to a bad decision; once such a decision is made, it is irrev-
ocztle; . If the hot steel arriving after a cold charge departs teco much from
the-expected pattern, then either the capacity of the scakers is exceeded or
the:mill runs out of ready-to-roll steel, This situation can onlz be recti-
fied by producing low quality steel.

It will pay to allow a cast arriving later with a short track time
before an earlier cast with a long track time using LIFO (last in first out).
This will appreciably reduce the heating time for the present cact. The
additional delay te the earliier cast will increase its soaking time, but in
the face of an oncoming shortage of ready-te~roll steel, the extra occupancy

of “the "soakers may not e disadvantageous., This way still £ill another later

b

gap ip ready-to-roll steel, Usually in & cast, the first ingot teemed is



also the first ingot to be stripped and charged into the soakers.

1-5. CRANE

An overhead travelling crane handles the charging of ingots into the
soaking pit and removes them from the pit, after being heated to the regquired
specification. The usefulness of bridge cranes is derived by their lifting
strength and overhead accessibility which makes them capable of handling
heayy, unwieldy loads which are not accessible to the surface locomoted
material nardling systems,

The three members of a crane are bridge, trolley and hoist, The bridge
is supported on railroad type tracks, located at the top of, and on opposite
sides of the building. The bridge moves in a direction perpendicular to its
length on the tracks at either end., The crane's movement is necessarily
restricted, then, to rectangular bays, having one dimension narrow enough to
be spanned by the bridge without excessive physical stress., A froiley con-
taining a hoist mechanism traverses from one end of the beam to the cther, in
order that with the combined beam movement, the hoist can be centered over
any spot of the bay. The hoist is usually motor driven having tongs at the

lower end for holding the ingot to be transported. -

1=6, CRANE OPERATION

v is assumed that the hoist can be worked to the correct position in
the time it tzkes to move the bridge and the trolley. The service time of
the crane is the sum of a constant time and & variable tine. The latter
depends upon the spsed of the crane and the length of the travsl., So the
service time of “he crane can be calculated if the exact position of the

ingot and the empty cell are lknown., Here the bridge and trolley speeds are
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considered. The maximum time of travel is used in determinang the crane

To simplify the calculations, a distribubtion of the service times can
be generated for the random occurrance of an empty cell and a travel distance.
Whan the crane is servicing an ingot, the service time can be determined from

5

stribution,

Ao

the dj

-

A policy decision must be made regarding the methoed cof filling in the
empty cells and the use of the crane. If an approximately constant service
time has to be achisved the ingot nearer to the pit should be placed in a
cell farther away from the train, On the cother hand if a shortage of heated
ingots is anticipated cr the crane has to draw a heated ingot, the ingot
should be charged into the nearest available cell.

The same crane is used to charge arriving ingots and cold ingots and

draw heated ingots. Which should have the preference must be specified., If

acheated ingot is not picked up by the crane, the immediate production of the

[N
[47]

roiling mill is effected, Also, in the extreme case when the sozking pit
full, a hot ingot can not be charged, If the hot ingots are not charged,
fature production is affected. It is possible to use a peolicy of giving

preference to one of the three according to the availability of number of

enpty cells at that moment.



CHAPTER 2
LITERATURE REVIEW

Mellor and Tocher [15] developed a production game to improve the
methods of controlling the production and movement of casts of steel from the
melting shops to the rolling mills. The main concern was to develop a sched-
uling system which will ensure that the idle time at the rills is minimmum;
also to see that the casts of steel of the correct types to meet an order
bock were supplied. The model fed information to and took instructions Trom
the:scheduler.

Blattner [3] developed a similation model to determine the soaking pit
capacities and operating characteristics at peak volume and product mix for
different combinations of proposed facilities and equipment. It was found
that the number of pits required to take care of the increased production was
léss -than that calculated using the conéentional rule of thumb method. FKung
eﬁnalg.EIZJ simulated an ingot processing area. The simulation includes all
the :processess that have strong interactions., The model was validated by
comparing computer results with the actual piant performence.

Raymond [18] pointed out the 'law of diminishing returns', %hen more
soaking pits are added. As more soaking pits are added, the throughput of
the-sozking pit-slabbing mill complex doesn't increase proportionately. This
inerease is a function of rolling speed, product mix, and rolling mill delays.
The ‘increase in the rolling rate of the primary rolling mill has a favourable
effect on the throughput; but when the throughput is already limited by the
seaking pits, the favourable effect is small, Finally the railrocad track in

the-ingot processing area can become a bottleneck at high operating levels,
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The operating level at which this bottleneck occurs is dependent on the loca-
tion of the steel melting shops, the railroad track layout, the number of
engines and the railroad cars available.

The control of ingot traffic operation was studied by Thomas et al.
[21]. Three poinis were made:

1. Sensitivity of the slabbing mill output with a given number of

sozking pits to the efficiency of traffic plamming.

2. Recognition that, although a short average track time was desirable,

track time could and should be manipulated for other ends.

3+ Demonstration of the importance of ease of communication to the

efficient control of a particular plant system.

The time an ingot occupies the pit is the sum of

1., The time the pit is empty and waiting to be charged

2. The time it takes to bring the charge to a suitable cratle for

rolling, measured from the start of charging and

3¢ The time that then elapses before the charge is rolled.

Decreasing the track time decreases only the second component, But to
have a maximm throughput, the sum of the three must be minimized, To this
end traffic should be controlled. The effective control of traffic increases
the outpnut and achieves smoothsr working of a complex sector of an integrated
steel works,

Kung et al. [ll] developed a mathematical model to descritie the cooling
of stesl ingois and their subsequent heating in the sozking pits. It con-
sists of the basic two dimensional partial differential equation of transient
heat condustion and equations deseribing boundary conditions. The part of

B

the mcdel which covers the cooling of ingots between teeming and charging



into the socaking pits was tested against data on mold and ingot surface
temperatures, The part on ingot heating in the soaking pits was tested
against data on fuel flow and pit wall temperatures., They indicate that the
basiec form of the model is satisfactory.

A one dimensional theoretical model for soaking pit times was developed
by Corlis et al. [?]. The effect of optimal track time, chort track time and
long track time was investigated. An cptimal track time is defined as a com-
binatien of time with or without the mold, which enable the test rclling
temperature conditions to be met with minimum pit time. Ingets charged with

a2 short track time carry the danger of maintained liquid corss and hence
segregation favlts, Longer soaking times are required to allow the cores to
splidify, If the track times were lengthened by holding the ingcts in air
for a short period, the soaking time before rolling would be shortened con-
siderably, Ingots charged with the optimal track time produce the most rol-
lable ingots with the minimum pit time. Excess track times destruy the
advantage of hol cores and rmultiply the time required in the scaking pit.
The reiation between the track time and the soaking time can be represented
by & 'U' shaped curve, Practices such as ‘bottling' the pit-~charging the
ingots but leaving the fuel off, when short track times are achieved--are not
as efficien’t timewise as holding the ingots in air for an extra peried hefore
charging,

Sharma [193 derived an analytic solution to the queueing model with
the buik arrival at the scaking pit. It was assumed that the interarrival
time was independently distributed. The arrival rate at the service station

has-a: poisson distribution. All the ingots are served by a numbsr of service

4.

stations--heating cells, The service time (soaking time) of the ingots in



The inter-

the scaking pil is a random variable, independently distributed,
The groups

. :
arrival times and service times are statistically independent,
The order of customers in a

recelve serviece in order of their arrival.

particular group is immaterial.



CHAPTER 3

THE PROPOSED PROBLEM

The problem is to determine the soaking pit capacity and operating
characteristics, given the ingot heating time formula, input to the system
and crane characteristics, For the arriving ingots, the distrilbution of
interarrival times and the number of ingots on a train are given. No cold
ingots are supplied from outside the plant; cold ingots may be created
becuause of the unavailability of the crane or the scaking pit. They are
charged in the course of the soaking pit operation., A secondary problem is
to investigate the effect of the various parameters on the output and gain an
vnderstanding of the operation of the soaking pit., The following character-
istics of the system are also to be observed.

1. The effect of the decisions=-charging cold ingots or arriving

ingots, or drawing heated ingots.

2, The distribution of time between departures of ingots from the

3+ Output distribution of the heated ingots per hour.

L, Distribution of the number of empty cells,

5. Distribution of the excess soaking time-~same as the wailting time
for the soaked ingots.,

6. Average utilization of the pit,

7« Maximum utilization of the pit.

8. Probability that the pit is full,

9+ The distribution of the waiting time for the arriving ingots.

10. Distribution of the number of ingots arriving in a batch,
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3-1, THE PHYSICAL SYSTEM

Nc allowance is made for failure, periodic servicing, shifts or any
other interruptions in the operation of these equipment, Fig. 2. The nuaber
of parallel tracks for the trains varies with the model., The distances of
the cold ingot yard, arriving ingots, and ingot chariot from the soaking pit
are: lkmown. The capacity and dimensions of the soaking pit are known. The
capacity of the soaking pit is specified as the number of cells in the socak-
irg-pit, Each cell can heat only one ingot at a time. The inget for which
the: cell is allotted has complete control over the cell until the heating
phase is completed and the crane is available for drawing the heated ingots.
The preemption of the ingot is not allowed, once it occupies the cell, The
crane performs three functions--charges arriving ingots, charges cold ingots
aadidraws.soéked ingots. The heating time of an arriving ingot, THEAT, is

calculated from the heating time formula shown below:

Al (X-TT1)2 + PT1 0g X TT2
THEAT = & Al (TT2~TT1)? + PT1 + A2 (X-TT2), X>TT2, THEAT < 8
8, THEAT > 8

where-Al, PT1, TTL, TT2 and A2 are all constants read into the program ini-
tially aad X is the track time of the ingot. For a cold ingot, the heating
time varies between 8 hours and 10 hours, The heating time curve shown in
the Fig, 3 represents the relation between track time and heating time for an

arriving ingot.

3=2.. STMULATION MODEL AS A QUEUEING PROCESS
The basic structure of most of the queueing processes consists of the

following: units requiring service are generated over time by an ingut
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scgurce., These units enter the system and Join a queue. At a certain time,

a unit waiting in the queue, is selected for service by some rules referred to

as gqueue discipline, The required service is ithen performed in the service

station, after which the unit leaves the system as an output [l] Fig, 4. As
indicated above the elements of the queueing process are:
Input: Ingots as arrivals have the following sub-elements
1. Arrival source--Infinite: Ingots are produced continuously
throughout the year and arrive at the soaking pit for being
heated,

2, Arrival pattern--Batch: The ingots arrive in groups on a
train., It is assumed that the batch size follows a normal
distribution.,

3. Inter-arrival distribution: Erlang 4 is assumed in most of
the runs, Erlang 1, Erlang 8, and constant inter-arrival
times are also used,

L4, Arrival behavior: Impatient--in mecdel 1, model 2, model 4
and model 6,

Patiernt~~in model 3 and mcdel 5,

5¢ Cold ingots: These are created in some medels, The queue is

unrestricted. The size of the queue depends upon the

overating system.,

Crane: It services arriving ingots, cold ingots and scaked ingots,
arriving ingots:

Queue discipline--depends on the medel under consideration:
LIFO, FIFO, MIXED.

Queue size~-depends on the model: Jlimited or unlimited.



[ Arrival

Source

Arrivals

Figl u’o

—0-0 == -0 setanton [7- O (om)

The process from the gueueing point of view

14



soaked ingots:

Queuve discipline~--FIFO.

Queue size--restricted. BEqual to the scaking pit

service pattern--single.,

service mechanism--single service station,

2l

capacity,

service time~~depends on the speed of the crane and the travel

distance in the two directions,
Heating cell:
Queue discipline =--FIFO,
Queue size -=ZEr0,
service pattern =--single,

service mechanism--parallel,

service time ~~it is determined from the heating time curve.

It is a function of the track time.

The cell which is emptied first will service the charging ingot first,

Atcell is defined to consist of one server and a zero gueue,

The server is

a:single cell that is constantly available to the input stream of ingots,

when the crane is available.

3<3, . THE DECISION RULES
Four types of decisions are made:
1, Charging arriving ingots.
2, Charging cold ingots,
3. Drawing soaked ingots.

4, Banking of ingots.

The first three effect the crane operation. They are directly related

to-the number of empty cells, The ratio of the number of empty cells to the



total number of cells is named as priority ratio. If this ratio is less than
FRAC 2, ihe soaked ingots are drawn from the pit first, If this ratio lies
between FRAC 2 and FRAC 1, preference will be given to the charging of arriv-
ing ingots. If it is greater than FRAC 1, cold ingots will bs charged first,
The decision to bank the ingots varies from model to model, In Model 3
and Model 5, cold ingots are not created., In the other models it is decided
upon by the maximum length of time the train can stay at the soaking pit or

the maximus number of trains that can stay near the soaking pit,

3-4, ASSUMPTIONS

1. No allowance is made for failure, shifts, periodic servicing or any
other interruptionsAin the operation of the equipment.

2, A 'U' shaped heating curve is assumed. This is based on the study
made by Corlis [7]. The data assumed is for a hypothetical stesl
plant, It incorporates the concept of optimal track time, short
track time and long track time. A straight line relationship is
assumed after a certain track time. The heating time is less than
that of a cold ingot,

3¢ For a cold ingot, the heating time is assumed to be between 8 hours
and 10 hcours, Uniform distribution is assumed.

i, TInstead of measuring an absolute transit time of ingots from teem-
ing to the arrival at the soaking pit, a relative transit time is
used in the problem, This transit time has a normal variation
atout the optimal time, The trains can arrive at the most 0.5
hours ahead of the optimal time or 1,0 hour after the optimal time.
This variation is changed in a few runs to see the effect of it on

the output,
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9.
10,

11.

12,

13.
14,

15,
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The number of ingots on a train is assumed to have a normal
distribution.,

Inter-arrival times for trains is assumed to have an Erlang 4 dis-
tribution., It is based on the fact that the variation in the
interarrival times is less in actual practice.,

The crane service time is assumed to depend on the speed of the
crane and the travel distance. The vertical motion of the hoist is
not considered. All the other variations are accounted in the con-
stant timeifor the crane.

The exact position of the cell for charging an ingot or drawing a
soaked ingot is not considered. It is assumed to be randomly situ-
ated within the soaking pit.

The location of the crane after servicing the ingot is neglected.
No crane service time is involved in placing an ingot in the cold
ingot yard. It is assumed that there is another crane at the cold
ingot yard,

The soaked ingots are removed from the pit immediately after the
crane is available., It is not dependent on the rolling require-
ments.

It is assumed that the crane operator has the full information on
the number of emphty cells in the soaking pit at any moment.

Each cell is assumed to have an independent heat control device.

No over charging of the pit is allowed.

In collecting statistics on the time between departures of ingots
from the system, the first value is omitted. At the beginning,

since all of the cells are empty, the first soaked ingot will
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Xole

depart from the system after a long time. This first value
increases the standard devia®tion of the time between departures

by 50 percent,

No cold ingots are supplied from cutside the steel plant. DBut they
may be crested during the operation of the scaking pit.

At the start of the simulation, there are no celd ingots in the
system; all the cells are empty and a train of arriving ingots are

waiting to be charged; the crane is idle,



CHAPTER 4
DESIGN OF THE SIMULATION MODEL

This type of problem is known mathematically as a queueing model,

Since random or stochastic irregularities are being dealt with, a probabilis~
ic as opposed to a deterministic model is required. While analytic mathe-
matical techniques have been developed to solve simpler queusing models, in
the-more complex case faced here, it is necessary to resort to simulation
teshniques in order to predict the behaviour of the system. If the arrival
distribution, service time or service discipline are changed, a new solution
has:to_be derived analytically. 'Further, the distributions have to be approx-
imated to some known, standard distributions. Hence the mathematical model
approach, while being beautifully clear, may give an exact solution to a
problem which is approximate.

Simulation is the duplication of environment by a model, such that
changes can be made at will to test particular outccmes of these specifica-
tions on either the immediate problem part or on the total effect. The prob-
lem of, why system simulation, is discussed clearly by Teichroew and
Lubin [20]. The purposes for which the simulation studies can be’put to use
are discussed by Mize and Cox [16]. It should be remembered, that simulation
is no alternative, to the scientist spending time and patience, in knowing
what is happening in the real life. But a simalation model forces on the
seientist a detailed understanding of the quantitative process involved in
the situation he is observing.

The first step in a computer simulation is to develop a logical model

of the system preparatory to the writing of the computer program. This model



is: of necessity an abstraction of a real life situation :invelving men, mate~
rials;, equipment and processes. It should be remembered that simulating every
plant detail would require excessive computer memory space and exscution time,
and. insignificant details would obscure the significant issues., So only

those essentials which are significant tc the study are retained., In this
process. of abstraction, all available resources including formalised basic
standard. relationships between variables, operating experience, and intuitien
are: utilized.

The:simulation model consists of a set of logical statements, expressed
i the form of a computer program, that describes the routing and sequencing
of” ingots-through the ingot processing area., These interactions and sequence
of events occur at discrete times; then the position, quantity or the status
of the material or the status of the processing equipment changes.

Some events occur exogenously; that is, without regard to the condition
of the operation under study. Others occur endogenously; that is, they zre
caused by the internal working of the operation. An ‘arrival of a train--
ARIVL' is exogenous, since the train arrival is not affected by operations in
the: simulation area, A 'heating of an ingot~-EHEAT' is endogenous, since its
timinhg- depends upon the internal workings of the simulsted operation.

In additien to the program, two types of data must be supplied to the
computer: a description of the arrival times of the ingots and the numerical
valuss of all the parameters used in the program to describe the physical

characteristiecs and process times.,

L3, COMPUTER PROGRAM
The .logical model and data compose the model of the simulated plant

ares, ‘The task remains however, to convert these inte a computer progran,
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that can ke used to generate outputs from the model. To simplify the program-
ming, a simulation programming language was sought, that would require less
programiing work and is flexible enough to be used on any machine.

4 chronclogical recording of future events is called 'timekeeping'.
Timekeeping will be thought of as two functions; that of advancing time or
up~dating the time status cof the entities and that eof storing or listing
events in the cormputer. The timing problem in digital simulation models
arises from the fact, that while the components of a real system function
similtaneously, the components of a simulated system function sequentially,
since a digital computer executes its instructions one at a time [6].

Two basic mechanisms are avallzble to represent the flow of time in a
simnlated model: the uniform increment method and the variable increment or
next evert method, In the uniform increment method, the progrem lets the
simulation run for an increment of time and then up-dates the system. The
variable increment method involves the portrayal of a system through time by
examnining the system at each event instant.

Lave [13] discussed the two methods of timekeeping and compared them on
the basis of precision and accuracy, runtime and computer storage required.
Generally the next cvent method should be preferred to that of uniform incre-
meat method. A uniform increment method is preferred in the following two
situations: when the next event model takes a long time te run on a digital
computer and when the inaccuracies built into the model will not destroy its
wsefulness [ 1%, pp. 118-125.

A next event type of simulation language, GASP~~Genersl Activity Simu-
lation Pregram--is selected for use in this preoblen [l?]. There are several

features, which make it attractive as a stimlation language. It consists of
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22 subprograms which can be used to accomplish certain operations common te
many similation studies. A system is described by the entities {elements),
These entities are described by attributes. These are acted upon by other
elements through events., An event is an occurance, a taking place or a pos-
sibility of taking place of a change in the state of a system. Events take
rlace at specific points in time as determined by the system to be simalated.
The entities are in turn assoclated with the files. Thus a system is

described in terms of entities, attributes, events and files.

-2, PROGRAM DEISCRIPTION

Events cccuring in the simulation:

Event Event
Code Type
1 ARIVL ¢ Arrival of ingots at the soaking pit.
2 EHEAT : The start of the required heating of an ingot.
3 ECRANE: Start of the crane service.
L HREP : A short intervel, HRS, to gather statistics.
5 REPORT: Print out of all the statistics in the intervel, DELTA.

6 COMPL : Completion of the heating of an ingot.
7 INST : An event te initialize the statisties,
Four files are used in the simulation.
FIIE 1+ ¢ Event file.
Attribute 1-~Scheduled time of event.
Attribute 2--Event code.
Attribute 34~ (a) the time at which the ingot was charged into the

cell~~for eveni code 6.

*Multiple attributes are stered in the same row of NSET.



(b)
Attribute L-- (a)

(b)

(2)
FIIE 2 :

Arriving ingots to be charged into the c

r
O

Time ingot enters the system~-for other event codes,
Number of ingots on & train--for event code 1.
A variable L1, which specifies whether a cecld or an
arriving ingot should be heated=--event code 2,

Heating time of an ingot--event ccde 6,

&
fod

1s.

Attribute l--Distance of ingot from the pit.

Attribute Z--Time

ingot enters the system,

Attribute 2 and 4--Not used,

FUE 3 3
Attribute 1--Time

Attrioute 3-~Time

Heated ingots waiting for the crane.

ingot was ready after being heated.

ingot entered the cell.

Attributes 2 and M-~ot used.

FIIE 4 t Empty cells,

tiribute 1l--Time

the cell became empty.

Attributes 2, 3 and 4--Not used.

The computer program for the simulation is shown in Appendix E, The 17

GASP routines are not included., It contains one main program, ons event

selecticn sub-routine and the event subroutines. The function of each of the

subroutinegs can be summarized as follows:

1. Main Program:

read into the

All the initial values for the physical system are

program, All other values of the non-GASP variables

are initialized, The crane is idle at the start of the run. It

calls subroutine GASP, The initial number of empty cells, the

rrival of train, and the report intervel

N

are read into the pro-

3

gram. The simalation is termirated at the end of the specified

tiﬁle ? i ig . 52 0
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Subroutine Events: It calls the appropriate event. Event code '1'
signifies an arrivel of ingols at the soaking pit, code '2' for the
start of the required heating of an ingot, code '3' for the start
of the crane service, code ‘4' to gather statistics in a short
interval, HRS, code '5' for the print out of all the statistics in
the interval, DELTA, code *6°' for the completion of the heating of
an ingot and code '7' for the initialization of all the statistics
at the specified time, Fig. 33 and 34,

Subroutine ARIVL: It varies from model to model. They are
described below,

Model 1: When an ARIVL event occurs, it checks for arriving ingots
waiting to be charged., If there are any, they are sent to cocld
ingot yard. Then the arriving ingots are placed in the wailing
line for the crane. The distance fron the pit and the time al which
it entered the system are noted, The next ARIVL is scheduled by
generating the interarrival time from the given distribution, The
number of ingots on the train is generated Irom the function RNCRML,
If the crane is idle it is called for servieing the arriving ingots,
A return to GASP is made through EVENTS, ¥Fig. 35.

N

Mocel 2: When an arrival event occurs,.it checks for arriving
ingots waiting for the crane. If there are none, the arriving
ingots are placed in the waiting line to be serviced by the crane,
The distance from the pit and the time at which it entered the sys-
tem are noted, If there ave ingots waiting, the following proce-

dure is followed: the present train is placed at the front of the

soaking pit, if there is space for it. COtherwise it checks for
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spacs at the back of'the existing train and files the ingots., More
than three trains can't stay on the track. If no space is available,
the train is sent to the cold ingot yard. The scheduling of the
next ARIVL and the remaining procedure is the same as in Model 1,
Fig: 36.

Model 3 and Model 53: In the itwo models, the number of track for
the: trains is not restricted., The ingois are filed con the basis of
the: time at which they enter the system. The queue discipline is
11F0-~last in firest out, The ingots arriving on a train are placed
in the waiting line for the crane, after noting the time at which
they entersd the system and the distances from the pit. No cold
ingots are created. The scheduling of the next ARIVL and the
remaining procedurs is the same as in Model 1, Fig. 37,

Model 4 and Model 6: It is similar to Model 3 except in the assump-
tion: of the number of tracks ;t the front of the socaking pit. If a
train stays for more than TQ hours, it will be sent to the cold
ingot yard, Fig. 38.

Subroutine ECRANE: First the type of service the crane should per-
form is determined--to charge an arriving ingot or a cold ingot, or
to draw a soaked ingot,

The crane will try to service an arriving ingot ii one is
aszilsble., If there are arriving ingots, empty cells are checked.
If there is an empty cell, an arriving ingotl is removed from the
waiting line, The crane service time is determined and the crane is
scheduled for the next operation, The start of heating of an ingot

is:seheduled at the end of the crane service time, The type of
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service for the next crane operation is determined. If an arriving
ingot or an empty cell is not available, it checks for a soaked
ingot waiting for the crane. If there is a soaked ingot it will
follow that routine; otherwises the crane will be idle.

When charging cold ingots, a check is made for cold ingots,
If a cold ingot is not available, it will try to charge an arriving
ingot, If there is a cold ingot it will check for an empty cell,
If it is available, the crane service time is calculated and the

1,

crane is scheduled for the next operation. The start of heating of
an ingot is scheduled at the end of the crane operation. The type
of service for the next crane operation is determined. If an emptly
cell is not available, a check is made for a soaked ingot and the
crane will follow that routine.

When the crane has to draw a soaked ingot, it will first
verify whether soaked ingots ;re available in the system., If one
is available, it will pick up the socaked ingot. Crane service time
is cal¢ulated and the next crane operation is schedauled. An emphy
cell is created., The type of service for the next crane operation
is determined, If a soaked ingot is not available, it will try to
charge an arriving ingot,

A return to GASP is made through EVENTS, Fig. 39.

Subroutine EHEAT: It is called when an irgot is to be heated to
the required temperature., An empty cell is removed from the file,
The type of ingot--bold or arriving--is determined. The appropriate
heating time is calculated from the heating time formula. A

COMFL event is scheduled at the end of the required heating. A
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return to GASP is made through EVENTS, Fig. 40,

Subroutine COMPL: The soaked ingot is placed in the waiting lire
for the crane, If the c¢rane is idle the type of crane operation is
determined and the subroutine ECRANE is called, A return to GA3P
is made through EVENTS, Fig. 41,

Subroutine HREP: It will generate the next report interval, HR3,
to collect data on the system. A return to GASP is made through
EVENTS, Fig. 42.

Subroutine REPORT: It will print out all the statistics collected
in the interval DELTA., A return to GASP is made through EVENTS,

Fig. 43.

. Subroutine INST: It initialises all the statistics when the steady

state is reached. It schedules REPORT event., A return to GASP is

made through EVENTS, Fig. 44,



CHAPTER 5
DISCUSSION OF THE RESULTS

The discussion of the results is divided into five sections. First the
determination of the steady state is discussed. The effect of the priority
ratio:and how the time between departures of ingots from the system and the
output of soaked ingots vary with the changes in the parameters are discussed.
General observations are made in the final section. A summary of the simula-
tion cutput for different runs is shown in Appendix D. In referring,

Model 4/(22) means, the type of model is 4 and the run number is 22,

5<1,. STEADY STATE

A-simulation model requires several cycles to attain a steady state,
So:the:two important tasks to be accomplished in the simulation of the sta-
chastic process under consideration are ‘the following: the determination of
the:zpoint of convergence to the steady state and the determination of the
periéd -through which the experiment will be performed.

Ta record the performance of the systeﬁ, two alternatives are available:
ignoring data generated in some initial period or choosing starting conditions
that approximate the steady state conditions, Since a reasonably accurate
starting conditions for zll variables can't be specified, a combination of
the-above two are utilized [16], The starting conditions, as in other simula-
tion models, are assumed to be simply, idle and empty. With these starting
conditions, the simulation is allowed to proceed for scme time. The final
conditions of the transient state are assumed to be the initial conditions
for the experiment. The question is tc determine the time for which the sim-

ulation medel has to be run to obtain the initial conditions.



Analytical techniques are nol available to determine the steady state.
The best way is to determine this by experimenting with the model under con-
sideration, The criteria that can be used in the determination of the steady
state are the number of empty cells, the utilization of the crane, the output
of soaked ingots per hour and the number of cold ingots in the cold ingot
yard., The first criteria is not utilized because of large variability and
small population. Fig. 5 and 6 show the other three criteria plotted with
7 ingots per train arriving at half an hour interval. The FRAC 1, for charg-
ing ecold ingots is 0.6, From this it can be seen that the output of ingots
per hour and the crane utilization reach a steady state at 30 hours of
simulation.

The next question is the determination of the period for which the
experiment has to be performed--length of the simulation run. The criteria
of cold ingots in the cold ingot yard can be used here. The system can be

/
considered to be in equilibrium when the input (number of arriving ingots per
heur) to the system is equal to the output (number of scaked ingots per hour)
of the systemn, This can be achieved only when the nmumber of cold ingots in
the system becomes steady. As shown in Fig, 6, the number of cold ingots in
the system are increasing for model 4/(37). They are not increasing in the
model 6/(35). To observe the output of ingots per hour and the crane utili-
zation in one hour, it is sufficient to run the model for 100 hours after
reaching the steady state, Fig, 7 and 9. But to cbserve the cold ingots in
the system, it should be run for 200 hours, Fig. 8 and 10, So it is decided

that the statistics should be initialised at 30 hours and the simulation

should be terminated at 230 hours.
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5-2., PRIORITY RATTO

Only one crane is used in the soaking pit operation, It is used in
charging cold ingots, charging arriving ingots and drawing heated ingots.
The ingots are removed after being heated, irrespective of the rolling
requirements, if the crane is available, In these circumstances a method has
to be specified for crane operation. A discussion, in general terms, on the
effeet of crane operation on the output is made in the introducticn. The
ratio of the number of empty cells to the total number of cells is used as
a criterion in determining the type of crane operation., This is referred to
here as the priority ratio.

There are two fractions which specify either the drawing of soaked
ingots or the charging of arriving ingots or cold ingots., This is shown in
the Fig. 11. If the ratio of empty cells to the total cells at a particular
instarnce is less than FRAC 2, the crane will draw soaked ingots; of course
there should be soaked ingots ready to be drawn. Otherwise it will charge
the arriving ingots available. If the ratio is between FRAC 2 and FRAC 1,
the crane will charge arriving ingots first and then draw the soaked ingots.
If the ratio is greater than FRAC 1, the crane will charge cold ingots first,
If they are not available, it will charge arriving ingots and after that it
will draw the soaked ingots.

The number of empty cells, NQ(4), is a GASP variable, and is available
at any instant., The capacity of the soaking pit, that is, the total number
of cells, is read initially in the main program, It is also in the common
storage. So at a particular instant, the ratio of the number of empty cells
to the total number of cells can be calculated. This is then used in deter-

mining the type of operation for the crane. Whenever the two fractions are
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simultaneously referred to in the program, the first one is FRAC‘Z-—which
determines either drawing a soaked ingot or chargimg an arriving ingot--, and
the second one is FRAC l=--which determines either the charging of cold ingots
or charging of arriving ingots,

Model 3/(14, 8), By changing FRAC 2 from 0.2 to 0.4, a smoother output
of ingots and a better time between departures of sealcd ingots is achieved.
Table 1 shows the output for the two runs, With FRLT 2 equal to 0.4, the
waiting time for arriving ingots has increased and the waiting time for the
soaked ingots has decreased.> The waiting time in twrn effects the heating
time by increasing the track time. Here the increase in the heating time
(service time of the cell) is compensated by the decrease in waiting time for
the soaked ingols. So there is no change in the bleock time, that is, the
time the ingot occupies the cell and block the service for the next ingot.

There is an importent distinction between the service time and the
block time [14]. The interval between %he instant at which a customer begins
to receive the service and that at which this service ends is known as his
service time., Here it is equal to the theoritical heating time of an ingot.
The interval that elapses between the instant at which the service time of
the next customer begins, when the second customer bas been in the queuve
waiting for service is known as block time. The block time may be thought of
as the total time for which one ingot denies serviee to the next, by blocking
out a cell. 8o, in determining the number of cells required, the block time
should be considered instead of the heating time. |

Model 6/(25, 28). The FRAC 2 is increased from 0.40 to 0,55, The
output is showm in Table 2. Giving excess priority to drawing soaked ingots

doesn't seem to be a better policy. Definitely, it reduces the waiting time



TABLE 1

OUTPUT SUMMARY FOR MODEL 3/(1%4, 8)

L

Modsl FRAC 2  Qutput/hr T.B.D Waiting time Waiting time Theo- RBlock
Run ingots for arriving for soaked reti- time
ingots, min ingots, min cal
Std-dev Std-dev )
_ - . Std- . Std- heat-  hrs
Mean Mean Mean Mean dev Mean dev ing
time,
hrs
M3/14 0,20 13.56 0.37 1.28 7.75 12.00 3;59 L,58 2,89 2,95
M3/8 0.40 13.55 0.35 1,03 9,01 13.21 1,92 3,01 2.93 2.96
TABLE 2
OUTPUT SUMMARY FOR MODEL 6/(25, 28)
Model FRAC 2 Output of T.B.D -WAiting time Cold Cold
Run ingots/hr in mimtes ingots ingots
Std~dev Std-dev created charged
Arriv- Soaked
Mean Mean Mean ing ingots
ingots
M6/25 0.40 13.04 0,36 1,16 9,20 2,12  210.00 40,00
16/28 0.55 32.83 0.38 1.18 9.50 1.30 243.00 52,00




for soaked ingots. Because of a high priority for removing soaked ingots,
more cold ingots are created in the system, It is better to remove ingots
when the crane has spare time., The heated ingots should not wait too long.
Increasing FRAC 2 didn't effect the coefficient of variation of time between
departures from the system., But it increased the variaticn in output of
ingots per hour.

Model 6/(31, 35). FRAC 1 is reduced from 0.6 to 0.5; that is cold
ingots are charged even when half the pit is empty, iastead of when 6/10ths
of the pit is empty. There is a lesser variation in the output of ingots per
hour and the time between departures of ingots from the system. But the sig-
nificant affect of this change is in the ability of the system to charge all
the ingots created, Table 3. Because of charging cold ingots the utilization
of the pit has increased., Maximum utilization of the pit has also reached
100 percent.

From the above discussion it can be concluded that at certain values
of the two fractions, best results can be achieved. With the increase in the
utilization of the capacity of the soaking pit, lower values should be
selected., The exact values depend upon the inter-arrival time for ingots,
seaking pit capacity, crane availability and heating times.

5-3. TIMZ BETWEEN DEPARTURES OF INGOTS FROM

THE SOAKING PIT

Time between departures of ingots from the systes, referred to as
T.B.T, is a measure of the output of the system., Fig. 12 shows a graph plot-
ted betwsgen T.B.D in minutes, and the frequency of occurance. When T.B.D was
plotted with 0.5 minutes interwval, the nature of the distritution is not

eac1ly understood., There were two more relative maximum in addition to an



absolute maximum value. It was occuring in all of the models even after
changes in the values of different variables. The only difference was in the
intensity of the high and low values.

Afterwards it was thought that the intervel selected for plotting the
graph was very fine. Such a fine intervel doesn't seem to have any practical
significance., So the same relationship was plotted with 1 minute intervel of
T.B.D, As shown in Fig, 12, it did smooth the distribution. Still a low
value was obtained after the maximum value in all the models, A fuller
understanding of the distribution was not realised. This also raises the
question of smoothing out the distributions by taking coarser intervels,
Obviously the effect of the next low value can be completely ignored by tak-
ing an intervel of 2 minutes. This completely ignores the problem.

The next step in understanding the distribution was made by looking at
the operating system, Even though the ingot is ready after being heated, it
has to be serviced by the crane. The crane picks up the heated ingot and
deposits it on the ingot chariot, It takes a definite amount of time. Under
any circumstance the time between departures can't be less than the crane
service time. So it was considered more reasonable to plot the graph with a
frequency intervel equal to one unit of the average crane service time, The
distribution smoothes out after attaining a maximun value.

To understand the effect of the crane time on time between departures
of "ingots, the average crane time was changed from 1.5 minutes to 1,0 minutes
and thean to 2 minutes. Fig. 13 shows the three distributions plotted in min-
utes, with an intervel equal to a crane service time., This raised another
question of plotting the distributions. This is dependent on crane tims and

it7is difficult to compare the distributions if they are plotted in minutes.
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So it was decided to plot the distribution in units of crane time so that it
will be independent of the crane time, Fig. 14 shows the above runs plottsd
in units of crane time.

Time between departures from the system is effected by the inter-
arrival times of ingote, capacity of the pit, utilization of the pit and
availability and use of the crane., Crane time for charging an ingot is
greater than that of drawing an ingot from the soaking pit, because of the
differences in travel distances. The crane time for charging an ingot either
incrsases or decreases the heating time for the next ingot. Table 4 shows
the change in heating time for the next ingot., These values are obtained
from the heating time curve. Even if the ingot is ready after being heated,
it has to wait for the crane,

Model 3/(14). The fractions which determine the pricrity for the crare,
alse affect the time between departures. When FRAC 2 is 0,2, the crane gives
priority for charging the arriving ingots most of the time. So the crane
will compliete the charging of arriving ingots--about 7 ingots--and then it
will draw the heated ingots, That is why the frequencies are higher with
T.B.D equal to 7 and 8 units of crane time, Fig. 15.

Model 6/(23, 31). The arrival pattern of ingots--single or bulk--
2fTects the distribution of T.B.D., If one ingot per train arrives, the fre-~
quency with T,B.D equal to three units of crane time is signifisantly higher
when cempared to bulk arrival of ingots; the maximum value occuring at two
units of crane time is lower., Iost of the time, only one or two arriving
ingots may bs waiting for the crane., The crane will service the arriving

ingots first because of the priority ratioc; then it will draw the soaked

[e)N

ingots, Fig. 1
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OUTPUT SUMMARY FOR MODEL 6/(31, 35)

51

Model FRAC 1 Output of ingots Utilization of T.B.D Cold Cold
T per hr the pit, percent ingots  ingots
Run Std- created charged

Std-dev Aver- dev

——age Max,

Mean Mean Mean
M6/31 0.60 13.61 0.27 66,00 95.00 1.03 52.00 26,00
M6/35 0.50 13.82 0.26 74,00 100,00 1.02 50,00 50,00
TABLE 4
CHANGE IN THE HEATING TIME FOR THE NEXT INGOT CAUSED
BY THE CRANE SELRVICING AN ARRIVING INGOT

Ingot track time measured
from the origin of the 0.000 0.5000 1.500
heating curve, hrs
Change in the heating time
for the next ingot when the ~4,620 +0,132 +9,560

erane 1s charging an ingot,
minutes




Another interesting phenomenon will occur, when the pit is working at
the priority ratio which decides the charging or drawing of ingots--FRAC 2,
The crane will be charging arriving ingots and drawing soaked ingots alter-
nately. Then the time between departures is equal 1o two crane service times.,
This is true also when there are no arriving ingois to be charged and the
crane is operating at the priority ratio which specifies charging cold
ingots~-~FRAC 1,

The time between departures is also a function of inter-arrival times
and the number of ingots arriving. Sometimes there is a large difference in
time between charging of the last ingot on the previous train and charging
the first ingot on the present train. This is reflected in the time between
departures of ingots. Fig. 17 shows two distributisns of T.B.D with differ-
ent inter-arrival times--run number 34 is with constant inter-arrival times
and run number 31 is with EZrlang 4. Wiﬁh constant imter-arrival times, the
eampty cells have a mean of 22.8 and a standard deviaiion of 2.5. The crane
is working at the priority ratio which decides the chzrging of arriving
ingots or drawing of the soaked ingots for a significant amount of *“ims,

That is why, the frequency with two units of crane 4iime is lower and frequen-~
cies with three and four units of crane time are higher when compared to run
number 34,
Model 3/(8, 12). In run number 8 on the average 7 ingots are arriving
at the soaking pit at half an hour interval; but in »un number 12, 8 ingots
re arriving at half an hour interval., The capacity of the pit is not suffi-~
cient. So when 8 ingots are arriving, the crane is giving priority to draw-
ing soaked ingots. So all the increase in frequency in the T.B.D occured at

three units of crane tinme,
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Figure 19 shows a cumulative distribution of the time belween depar-
tures from the system.

The crane service time for soaked ingots is approximately normal with a
mean of 1.5 minutes and a standard deviation of 0.2 minutes. The frequencies
of time between departures are collected with an interval equal to the aver-
age crane time, This implies that a fraction of the frequency with time
between departures equal to one crane time are counted along with two units
of crane time., This is not so clear for other units of crane times because
of interactions which can't be correctly estimated.

A great amount of time was spent in understanding the distribution of
time betwsen departures of ingots from the system. A finer interval of 0.5
minutes was éelected in the hope of understanding the distributiocn. The fact
is:that the width of the interval is governed by the crane time which is
about 1.5 minutes, In collecting histograms, it will be advantageous to give
proper thought to the parameters which éffect the variable under considera-

tion, A finer interval will not always help to understand the problem,
5+4, OUTPUT OF INGOTS PER HOUR

5=4-1, Relation between the output of ingots
per hour and the time between depar-
tures Irom the svstern.

A variation in the output is directly reflected in the variation of
time between departures of ingots from the system, Table 5, Fig. 20 shows
the relationship between the coeffieient of variations of the output of
ingots per hour and the time between departures of ingots from the system.
They are significantly correlated. Product moment ccefficient of linear cor-

relation is 0,887,
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TABLE 5

LINEAR REGRESSION OF T.B.D ON OUTPUT

S:No. Model Coeff., of
variation

Run

Output T.B.D
X Y

12 M5/21 0.304 1.000 Yi = 0.47 + 1,91 X 1
2z M5fz2 0.355 1.015 r = product moment coefficient of linear
3- M6/23 0,236 0.850 correlation = 0,887

L M6f24  0.256  0.984 To test

55 M6/25 0,362 1,160 Hy ( P = 0) against Ha (P£0)
65 M6/26 0.357 1.150 t= r=-0 DF =1 - 2
77 M6[27  0.460 1,420 l-r

n-2
8: M6/28 0.382 1.180 = 6,06 D.F = 10

9> M6/29 0.286 1.040 .

Sc the hypothesis H_ ( £ = 0) is rejected.
100 M6/30 0,266  1.030 0
11 MA/31 0.268 1,032

12: M6/32  0.229 0,945
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5=l-2, The effect of the inter-arrival
distribution of ingots.

The distributions e¢f the inter-arrival times for the trains is varied,
keeping all the other parameters fixed. Model 6/(34, 24, 31, 25). Table 6
shows the output., By reducing the variation in the inter-arrival times for
the trains, less variation in the output per hour and the time between depar-
tures is achieved; cold ingots created have decreased and the system was able
ta charge all the cold ingots created. In fact when a constant inter-arrival
time is achieved, the capacity of the pit can be reduced by 22 percent and
still can achisve the same output. No cold ingots are created in the system,
that is, all the arriving ingots are charged within two hours after their
arrival., Since cold ingots are not created, the pit can be used more efii-
ciently. It should be remembered that 3.18 arriving ingots can be hezted in
a cell during the time a cold ingot is heated. Because of & short waillsg
time, heating time is also decreased. The fluctuations in the crane utiliza-
tion is less~-minimum value is 55 percent and maximum value is 80 percent,
Thus the crane is available for use during each hour. Standard deviation of
the number of empty cells has decreased. By assuming a constant inter-
arrival time a major source of variation is eliminated. Fig. 21 chows the

relation betwszen the heating time and the type of distribution.

5<4~%, The effect of the batch size of ipgots,

The number of ingots arriving per hour is kepi constant, The size of
the batch is reduced and the inter-arrival time fer the trains is decreased,
There is a significant effect on the operating characteristics of the syastem,
With the reduction in the batch size, the variations in the output per hour

and the time beltwsen departures decreased, Waiting time for arriving ingots
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and scaked ingois have dzcreased, Tsble 7 shows the output for Model 6/(9,
4), In the above two runs, the batch size is redaced from 14 to 7. TFewer
cold ingots are created and all are charged inte the soaking pit.

Model 3/(8, 18, 19): 7, 4.67 and 3.5 ingots per train are assumed,

n this modsl cold ingots are not created., So ths effect of it on the system

is unknovm, The maximum number of arriving ingots wailting for the crane has
decreased with smaller batch sizes, Table 8. Even though the empty cells
have increased, the actual percentage ircrease in the capacity achisved with
smaller batch size is unknown, because of the inability to maintain a con-
stant input to the system. The heating time can be considered as a measure
of the increase in the capacity of the soaking pit., If the heating time is=
less, more ingots can be heated in the sozking pit.

Model 6/(23, 25): both the runs have an exponential distribution of
inter-arrival times for the trains. But in run No. 23, one ingot per train
is assumed instead of the bulk arrival., Cold ingots created in the system
have decreased, But it was not able to charge any cold ingot, because the
maximum number of empty cells is only 35. TFor charging cold ingots empty
cells should be more than 36. The maximum utilization of the soaking pit is
93.3 percent, when one ingot per train arrives. There is a 10 percent
inerease in the capacity of the soaking pit, as caleulated from the reduction
in the heating time. The standard deviation of the hsating time is approxi~
mately equal to the standard deviation of the varistion in the track time
that is assumed in the problem, since the waiting time for the arriving
ingots 15 insignificsnt., DBy assuming a singls arrival, ons of the variables,

.

time for heated ingots, has besn kept undar control, Table 9.

=

the waiting

Fig, 22 shows the heating time plotted ageinst the batch



TABLE 6

QUTPUT SUMMYARY FOR MODEL 6/(34, 24, 31, 25)

Model  Inter- Total ne, Output of in- Heat~- tilization of Empty Cold Cold T.B.D
Fan arrival of ingots  gots per hr, ing the pit, per- cells ingots  ingots
distn, arriving time, cent creat-  charged Std-
of at the Sti—dov - Sta- ed dev
prain: it T hrs. ALYl e
tyaams  pid Mean Mean ki age Maxa dev Mean
ME ] 3 const 1238,.00 13.03 0,16 2,83 62,00 78,40 2,50 0,00 C.0C C.o4
M6/ ke ER=§ 1256,00 13.13 0.26 2,86 64,30 98,30 6,30 8.00 8,00 0.98
16/31 ER-L 1317.00. 13,61 0,27 2,94 67.20 95,00 7.20 52,00 26,00 1.03
M6f25 BR~1 1439,00 13.04 0,36 3.06 66,70  100.00 8,66 210,00 40,00 1.16
TABIE 7
OUTPUT SUMMARY FOR MODEL 1/(9, 4)
Model  Inter- No; of Output of ingots T.BsD Heat~- Waiting time Cold Cold
Run arrival ingots ver hr, ing in minutes ingots ingots
}?1me, on & Stddav Std-dev Flme, Arrive Soaked  Created charged
hrs, train oksiianibd hrs, ing inzots
lMean Mean ingots °
M1/9 1,00 14,00 13.53 0435 1.30 3.23 4,51 5+90 92.00 44,00
M1/4 0.50 7.00 13.49 0.33 1.1% 2,94 5.36 3480 32,00 32,00

09



TABLE 8

OUTPUT SUMMARY FOR MODEL

3/(8, 18, 19)

Model Inter- No, of Cutput of ingots T.B.D Heat- Max. Bmpty Waiting time
Run arrival ingots per hr, Std-dev  ing arriv- cells in minutes
. times;, on & ” —  tinme, ing
hrs, train Std~dev ean hrs ingots Arvive= Scaked
W waite ing ingets
Maan Mean ing ingots
13/8 0,50 7200 13.55 0.35 1.35 2.93 16,00 18,61 9,04 1.92
M3/19 0.25 350 11,92 0.31 0,94 2.76 8,00 25420 2,30 1.28
TABLE 9
OUTPUT SUMMARY FOR MODEL 6/(23, 25)
Mcdel No. of Cuitput of in- T.B.D Heating time, Empty cells Cold Cold Arriv-
Run ingets  gots per hr, hrs, ingots ingots ing in-
psr Std- created charg- gots
train Std-dev dev ed waiting
Mean "Mean Mean Mean Std=dev Mean Min, time
M6/23 1,00 13.43 0.23 0,85 2.75 0,34 22.30 4,00 112.00 0,00 0.84
M6/25 7,00 13,04 0.36 1.16 3.06 1.10 19.90 0.00 210,00 40,00 9,20
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From the above, it can bs predicted that getting the ingots in small
quantities, will give a better over-all performdnee for the soaking pit, But
th:is reguires an increase in the number of locomotives at an additional
investment. Further this may create traffic bottienseks. Another constraint
is-the amount of metal produced at a time in the sitezl msking furnace and the
production interval--characteristics of the furnace. The train loads can be

specified as a fraction of the total pit capacity imstead of the ingots.

5<b=l, | The effect of the priority ratio.

Giving a higher priority for drawing heated ingots deesn't seem to be a
better policy when the soaking pit is not fully utilized. MNodel 6/(25, 28).
This ‘was discussed under priority ratio.

As discussed earlier, after decreasing FRAC 1, for charging ccld ingots,
from 0.6 to 0.5, the'system was able to charge all the cold ingots. Model 6/
(3%, .35) with the increase in the utilization of the pit, the two fractions
FRAC 1 ‘and FRAC 2 should be decreased, But there is a limit beyond which the
effect of the decrcase in the values is negligible, In fact, FRAC 1, for
charging cold ingots, has a negative effect on the system, It increases the
celd dingots created in the system by 50 percent, which effects the economy of

the scaking pit cperation. The output for model 6/{%0, 41) is shown below:

model/run cold ingots cold ingots

e created charged
M6/40 118,00 66,00
M6/41 173.00 147.00

5=4~5, The effeat of the insufficient soaking
pit_garvacity.

. ~Z . P s . s .
Model 5/(22, 26} in run No, 26, the capacity of the pit is increassd
from 60 cells to 70 ceils, The length of the pit is increased to 58', The
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mazximun number of arriving ingots waiting for the crane have decreased. By
the end of the simulation run all of the waiting ingots are charged. Since
fewer arriving ingots sre waiting, the average waiting time is less. This
decreases the heating tims., When the capacity of the pit is 60 cells, the
pit is full most of the time., This is the same as giving preference to
rencving soaked ingots all the time. That is why, the waiting time for
seaked ingots is less. The output didn't increase by 1/6th (220 ingots)
because of insufficient arriving ingots. So a 15 percent increase in the
capacity is not required., Probably 10 or 12 perceni increase is sufficient,
Table 10,

Model 3/(8, 12): in run No. 12, the average number of ingots arriving
on a:train is 8 instead of 7. The capacity of the pit is not sufficient,
Table 11. In this type of model no cold ingots are created in the systemn.
All the arriving ingots are waiting to be charged into the soaking pit, even
though they are cold, But 117 ingots aée charged withx the heating time equal
to:8 hours., These can be considered as cold ingots. The average heating
time of an ingot has increased by 25 percent, becatse of charging ingots with
8 hours heating time and because of the increase in waiting time. When eight
ingots are arriving per train, the capacity of the pit should be increased by
at least 5 percent.,

Even though the theoretical output per hour (mumber of celils in the
seaking pit/average heating time of an ingot) of the pit is 20.2 ingots, when
7 ingots are arriving per train, it has fallen to 1£,3 ingots with & ingots
per train, This shows when the pit is overloaded, thes scaking pit cutput

that can be achieved decreacses,



TABLE 10

QUTPUT SUMMARY FOR MODEL 5/22,

Model Capsc— Output Arriving ingots Waiting time for  Heatl-
R ity of of in- waiting for crzne soaked ingots, ing
the gots min, time,
pit, per hr, “t the s
\ . . hes,
i Max. end of Mean Max.
- 100 hrs,

M5f22° 0.00 13.78 165,00 80,00 1.1% 12.3 3,89
M5726. 70,00 14,94 65,00 0,00 2.01 31.00 3.66
TABLE 11

OUTPUT SUMMARY FOR MODEL 3/(8, 1)
Meodel. Ingots  Cutput Arriving ingots - Empty Ingots Heat~ Theo-
Ruan arriv-  of in~ waiting cells having ing reti-
ing in  gots 8 hrs., time cal
half per hr. Mean Max. heating out~
an. hr, time hrs. put
per
hr,
in~
gots
M3/8 700 13.55 2.01 16,00 18.61 0.00 2,63 20,4
M3/1z 8,00 14,59 42,00 109,00 5¢20 117,00 3.68 16.3




5=b-5, The effect of changs in lhe track
time variation.

The variation in the track time has a normal distribution. This
directly effects the heating time of an ingot. Heating time of an ingolt is
calculzted by adding the track time to the waiting time of an ingot. When
the track time increases by 0.5 hours, the heating time curve after the opti-
mal track time is utilized. DModel 3/(14, 13). The ideal capacity that can
be achieved has fallen down to 12,2 ingot/hour from 20.8 ingcts per hour,
Model 3/(1%, i7): when the variation in the track time is reduced by using
a standard deviation of 0.1 hour instead of 0.3 hours, the ideal capacity has
increased by 2 ingots/hour. When the ingots arrive 0.2 hours ahead c¢f the
optimal time, the ideal capacity has increased by 0.5 ingots per hour only.
Model 3/(15, 17). This is because the heating curve is less sensitive at the
optimal track time, Table 12. The value of the output variables didn't
change when uniform distribution between 0.0 hour and 1.0 hour is assumed
instead of normal distribution with a mean of 0.5 hours and a standard devia-

tion of 0.3 hours, DModel 6/(30, 31).

5-4=~7, The effect of the crane time.

Model 6/(25, 27): in run No. 27, the average crane time is reduced
from 1.5 minutes to 1 minute, Table 13, Whenever the ingots are waiting to
be chargsd, or to be drawn, the crane is able to perform its funclion effec-
tively and quickly. This may be one of the reasons forvmore variation in the
output of ingots per hour and the time between departures of ingots from the
systemn.

When the crane service time is increased from 1.5 minutes to 2,0 min-

utes, it increased the number of cold ingots created in the system. Model 6/



TABLE 12

OUTPUT SUMMARY FOR MOD

BL 3/(1%, 15, 17, 13
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Model/run Track time wvariation, Cutput of Theorstical
hrs, ingots output per
per ar, br,
ingots
M3/14 0.50 0.30 13.56 20,80
M3/15 0.30 0.10 13.60 23430
M3£17 0.50 0,10 13.60 22.70
#*
M3/13 1.00 0.30 11.19 12,20

*The normal distribution has a mean of 0.5 hours,

from the normal distribution,0.5 hours is added.

TABLE 13

OUTPUT SURMARY FOR MODEL 6/(25, 27)

To the value obtained

Model Aver-  Output of in- T.B.D Waiting time Heat- Cold Cold
E;;‘— age gots per hr, in minutes ing ingots  ingots
' crane Std~- time, cre- cre=-
time, Mean Std-dev dev  Arriv-~ soak- ated ated
. ing ed hrs,
. M =
mir, Mean Mean  jio0ts  ingots
M&[27 1,10 13,90 0.40 1,42 5,20 1,00 2,96 129,00 L&,00
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(31, 32). The crane becomes a sericus bottleneck. But s smoother ocutput and

time tetween departures is achieved,

5-4-8, Change in the sequence of random rumbers.

Changing the random number sequence does not change the essential char-
aeteristics c¢f the system, There is a variation in the output of ingots in
100 hours (1354 vs 1280 ingots), Model 3/(8, 16).

Model 4/(37) is run up te 900 hours of simulation. Fig. 23 shows the
cantrol chart for the average output of ingots per hour. All poinis are
within the control limits, It can be concluded that the process iz under

cantrol,

5-%5., GENERAL OBSERVATIONS

The frequency distributions of the output variables are shoun in Fig.
24 to 31, This program is run on an I.B,M. 360/50. FORTRON IV G level., It
takes 13.5 minutes to compile and run for 100 hours of simulation and 25.5
minutes to compile and run for 230 hours of simulation. The compilation time

is about 6 minutes,
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CHAPTER 6

CONCLUSTIONS

A brief summary of conclusions resulting from this study is presented

here,

CAPACTITY OF THE PIT

For trains arriving at half hour intervals, 7.75 ingots per train seems
to be the best solution under the following conditions:

1., Inter-arrival time has an Erlang 4 distribution.

2. The number of ingots on a train has a normal distribution.

3. The variation in the track time has a normal distribution with a

mean of 0,5 hours and a standard deviation of 0.3 hours.

L, The capacity of the pit is 60 cells,

5. FRAC 2 and FRAC 1 are 0.2, and 0.5 respectively.
The criterian used in selecting the capacity of the soaking pit is the number
of ‘cold ingots in the system; cold ingots should not build up with time.
Then the average output of soaked ingots is equal to the average input of
arriving ingots.

Model 4/(37) was run for 900 hours of simulation time. Fig. 23 shows

the X chart for the average output and the process is under control,

CRANE
There are periods where the crane is utilized 100 percent of the tims.
The average utilization of the crane is 77 percent. It is one of the control-

ling factors in the simulation. This effects the waiting time for arriving

ingots. One of the possible ways of reducing the crane time is through the
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movement of the train, when the train arrives at the side of the soaking pit.
The train can be indexed in such a way that the ingot to be removed from the

train is nearer to the pit.

EMPTY CELIS

The FIFC rule is used for empty cells; that is the cell which was emp~
tied first will service the charging ingot first. Since the crane operation
does not consider the geographic lecation of the empty cell, even the LIFQ
rule can be used, The time for the to-and-fro motion of the crans is approx-

imated,

DECISION RULES

Decision rules, especially pertaining to the crane operation, seem to
be .the limiting factors for the system. The FRAC 2 and FRAC 1 determine the
type of crane service. With the increase in the utilization of the pit, the
two .constants should be decreased., But there is a limit beyond which the
effect of the decrease in value is negligible., When the FRAC 1 was decreased
from 0.5 to 0.4 in Model 6/(41), the system created 50 percent more cold
ingots, which will effect the economy of the soaking pit operation. The
exact fraction which gives best results is not determined, since it takes
cansiderable amount of computer time. It is left to the future research.

The 'FRAC 1 ensures that there is sufficient space in the soaking pit for the
arriving ingots, by not allowing the cold ingots to be charged. Similarly
the drawing of soaked ingots is controiled by FRAC 2, since a definite sched-
ule for drawing of the scaked ingots is not available. On the average 80 per-
cent of the pit is utilized. So there is sufficient space in the pit for

charging more ingots. 1If it is known early that a sufficient number of het
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ingots will not arrive in the near future, cold ingots can be charged without
=

the consideration of the number of emplty cells.,

FUTURE RESTARCH

The effect of drawing soaked ingots according to the rolling requirs~
ments and the effect of known future arrival of hot ingots can be investi-
gated, Instead of independent heating control of each cell, the soaking pit
can be divided into a number of sections which can accomodate more than one
ingot, Then the exact crane service time can be calculated, The operations

both on the upstream and the downstream can be inclunded in the study.
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APPENDIX A-

DIFFERENT MODELS USED IN THE PROGRAM



1.
2,

3.

5

7

8.,

Variables

Attribute on which the arriving
ingots are ranked.,

Queue discipline for arriving
ingots.,

Arriving ingots queue manage-
ment,

Cold ingots,

Attribute on which the soaked
ingots are ranked,

Queue discipline for soaked
ingots,

Attribute on which the empty
cells are ranked,

Queuve discipline for empty
cells, '

Model 1

Distance from the pit,

FIFO

When a train arrives,the waiting
ingots are sent to the cold ingot
yard, It assumes only one track.,

Cold ingots are created on the
basis of arriving ingots queue
management, They are charged into
the soaking pit according to the
priority ratio.

The time at which the ingot is
ready to be drawn after being
heated.

FIFO

Time at which the cell became
empty.

FIFO

Model 2

Distance from the pit.,

FIFO

Only one track is assumed; but it
can accomodate three trains., If
there is sufficient space at the
front of the soaking pit, the
train will stop at the front of
the pits Otherwise it is placed
at the back of the existing train,
If there is no space on the track
the train is diverted to the cold
ingot yard. This model uses a
mixture of FIFO and LIFO for the
trains,

Same as in Model 1.

Same as in Model 1.

FIFO

Same as in Model 1.

FIFO

The above table shows the comparison between Models 1 - 4, Models 5 and 6 are similar to Models 3 and 4,
but the statistics are initialised at the end of 5 hours,

Moﬁel 3

Time at which tﬂe arriving ingot
enters the system.

LIFO

There is no restriction on the
number of tracks for the trains,
The trains will| stay on the track
until they are Emptied.

Cold ingots are not created,

Even if an ingot becomes cold, it
will stay on the track, and is
always available for charging,

Same as in Model 1.

FIFO
Same as in Modsel 1.

FIFO

79

Model 4

Time at which the arriving
ingot enters the system,

LIFO

A train can stay for TQ
hours on the track. If the
waiting time is more than
that, it is sent to the cold
ingot yard.,

Same as in Model 1,

Same as in Model 1,

FIFO

Same as in Model 1,

FIFO
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PROGRAM VARIABLES



PROGRAM VARTABLES

KR = g variable to specify the state of the crans,
= Q-~the crane is idle,
= l-~the crane is charging cold ingots.
= 2--the crane is charging arriving ingots,

= J=~the crane is drawing soaked ingots.

SX = Speed of the crane along the pit, 6000'/hr,
S¥ = Speed of the crane across the pit, 3000'/hr.
FI = A constant in the crane servics time,

0.01667 hrs.

CT = Crane service time.

PO = Productive time for the crane in the periods,
HRS,

TCRUT = Cumulative productive time for the crane.

FRAC 1 = Fraction of the empty pit which decides the

charging of arriving ingots or drawing of
soaked ingots.

FRAC 2 = Fraction of the empty pit, which decides the
charging of an arriving ingot or drawing a cold
ingot,

Ll = g variable to specify the heating of a cold

ingot or an arriving ingot.
m l-~for an arriving ingot.

= 2--for a cold ingot.

NCEL = Number of cells in the pit, 60,

XD = Length of the pit, 5C'.

YD = Width of the pit, 30°'.

XH = Distance of the ingot chariot from the pit, 25'.
XgL, XC2 & Maxirmmm and minimim distances of the cold ingot

yard from the pit,
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IDIST

= The minimum distance of the ingot from the pit,
15%

= Distance between two ingots on the train, 5°.

Constants in the heating time curve

ClL

c2

NREP

NCOLD

NC.

TLD

T.B.D

WATTTN

TT1
T2
PI1

0.5 hrs

1,5 hrs

Z.5 hrs

3.0
1.2

= Minimum heating time for a cold ingot, 8 hrs.,
= Maximum heating time for a cold ingot, 10 hrs,
= Track time of an arriving ingot.

= A small interval to gather statisties, 1 hr,

= A report interval for printing out all the
statistics, 100 hrs.

= Number of ingots on a train.

= Number of soaked ingots produced in the socaking
pit . »

= Number of soaked ingots produced in the interval,
HRS,

= Number of soaked ingots produced in the report
interval, DELTA.

= Number of cold ingots created in the system,

= Number of ccld ingots charged into the soaking
pit .

= Time of last departure of an ingot from the
system, hrs,

= Time between departures of ingots from the
system, minutes,

= Waiting time for an arriving ingot, minutes.
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THWAIT = Waiting time for a soaked ingot, minutes.

THEAT = Heating time for an ingot, hrs.

A} = Maximum time the train can wait on the track,
2 hrs,

KT = Maxinmum number of trains that can stay on the
track, 3.

ER = Interarrival time for trains,

and run number, A is the type of model and

Model 4/(B) = This notation is used to specify model type
i B is the run number,



APPENDIX C

BASIC GASP II VARIABIES



The following is an alphabetized list of Basic GASP IT variables stored
in COMMON. All GASP variables are in COMMON except the array NSET. Dimen-
sioned variables are given in terms of their general subscripted values with
Basic GASP II values indicated in the definitions.

ATTRIB (Tn4)

ENQ (NOQ)

D

™

INIT

INN (NOQ)

JCELLS (WHISTO, MXC)

JCIEAR

JEVENT

Buffer storage used for attribute values
dnr il

going into NSET or coming out of NSET.,
(mgs),

Expecfed rumber of entries in a file,
(NOQ < 4) .

Number of columns of NSET (ID limited only
by available storage),

Number of attribute rows in NSET (IM:S@).
An indicator. The statements

INIT = 1

CALL SET (1, NSET)
initializes NSET.

An indicator. If INN (J) = 1, the entries
in file J are ordered by row KRANVK (J)
from lowest value to highest value (FIFO).
If INN (J) = 2, the entries in file J are
ordered by row KRANK (J) from highest
value to lowest walue (LIFQ). INN (1) = 1.
(NOQ¥ 4),

Storage érray for histograms. (NHISTOx15,
MXC s 22).

An indicator to determine if the entire
GASP system shouid be re-initialized prior
to perferming ancther simulation. That is,
iff JCLEAR is less than or equal to 0, TNOW
is set equal to TSTART and the simulation
is repeated without changing the condition
of the simulation., If JCLEZAR is greater
than 0, the system is initialized prior to
repeating a simulation run.

Event code of event to be processed. Also
used as a contrel in subroutine MONTR
where if JEVENT = 101, NSET is printed,
and if JEVENT = 100, the next svent is
printed until ancther event with

JEVENT = 100 oceures.



JMONIT

KRANK . (WOQ)

MAXNQ (NOQ)

MFA

MFE. (NOQ)

MLT Z(NOQ)

MLE - (NOQ)

MSTCP

MXC

MXX

NCEELS -(NHISTO)

NCQLCT

NER
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An indicator which if 1 causes each event
to be monitored. If 0, no monitoring
occurs.,

KRANK (J) is the attribute row on which
file J is ranked. KRAVK (1) = 1,
(NoQx &)

MAXNQ (J) is the maximum number of entries
in file J (NOQSU).

A variable which identifies the first col-
umn in NSET available for storing an event
or entity.

MFE (J) is the first entry in file J.
(NoQ &),

MLC (J) is the entry in file J to be
removed next.

MLE (J) is the last entry in file J,
(NoQ =4).

An indicator for specifying method of
ending the simulation.

MSTOP = 0 an end of sirmlation event is
required in which MSTOP set O
is required. NORPT can then be
set to call SUMARY if desired.

MSTOP > 0 simulation ended when TNOW =
TSTOP.

Successor row in array NSET,

Largest number of cells to be used in any
histogram (MXC<«22).

Predecessor row in array NSET., MXX = IM + 2,

NCELLS (J) is the number of cells in histo-
gram J not including end cells (NCELLS (J)
< 20).

The number of sets of statistics that can
be collected in COLECT (NCOLCT< 10).

An indicator used in DATAIN for initiali-
zation, If NEP = 1, new parameters are
read in. If NEP = 0, only NSET, TNOW and
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statistical arrays are initialized.

NHISTO The number of histograms to be obtained in
the simulation (NHISTOKZ 15).

NOQ The number of files in NSET (NOQ<4).

NORPT An indicator which is greater than zero

causes subroutines SUMARY and OUTPUT to be
bypassed. If NORPT = 0, SUMARY and OUTPUT

are used.
NOT An indicator used in DATAIN., NCT = { simu~
lation starts from beginning. NOT > 0, a

check on NEP is made.,

NPRAMS Number of sets of parameters tc be read in,
(NPRAMSK 20).,

NQ (NOQ) NQ (J) is the number of entries in file J
at any given time. (NOQKH).

NRUN The number of runs completed,

NRUNS The number of runs remaining to be com-
pleted.

NSET (MXX, ID) The file (MXX<6, ID limited by available
storage).

NSTAT The number of sets of statistics that can

be collected in TMSTAT (NSTAT<10).
OUuT An indicator.

If OUT = 1, an entry is to be removed
from NSET., If OUT = 0, an entry is to
be stored in NSET.

PARAMS (NPRAMS, 4) Array for storing parameter values to be
used in generating random variables
(NPRAMS € 20).

QTIME (NOQ) QTIME (J) is the time of the last use of
file J. (NOQ <4},

SCALE A parameter used to multiply "floating
point" attributes prior to changing them

Qo

to fixed point for storage in NSZET,

SEED Initial random number,



SSUMA (NSTAT, J)

SUMA (NCOLCT, J)

INOW
TSTART

TSTOP

Array for storing time statisties
(NSTAT < 10).

Array for storing statistics based on
number of observations (NCOLCT< 10),

The basic time variable of the simulation,
Initial value of TNOW.

Time to end the simulation if simulation
is ended on time (MSTOP>0),



APPENDIX D

SUMMARY OF THE SIMULATION OUTPUT
FOR DIFFERENT RUNS
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A summaryof the simulation output is shown in Table 14.
A1l the runs upto run number 36 are made for 100 hours of
simulation time unless otherwise épecified. Run numbers
3B=41 are made for 230 hours of simulation time. Unless
specified, the track time variation is assumed to be normally
distributed with a mean of 0.5 hours and a standard deviation
ofZ 0.3 hours. The minimum value is 0.0 hour and the maximum

in- 1.5 hours.
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It stopped at &l hours because of too many arriving
ingots waiting for the crane. In this run the track
time is increased by 0.5 hours for 2ll the trains.

The track time variation has a mean of 0.3 hours and a
standard deviation of 0.1 hours.

The track time variation has a mean of 0.5 hours and a
standard deviation of 0.1 hours.

All the random numbers have been changed.

The capacity of the soaking pit is increased to 70 cells.

(¥

Constant time of crane is reduced from 1.0 minute to
0.5 minutes.

Constant time of crane is increased to 1.5 minutes from
1.0 minute.

Track time variation has a uniform distribution between
0.0 hour and 1.0 hour.

Inter arrival time of trains have a uniform distribution
between 0.1 hour and 0.9 hour.

It was run upto 900.0 hours.
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MATN PROGRAM

\

read values of non-GASP variables

call GASP

call EXIT

return

Model 1 - €&

Fig. 32, Main program for soaking pit simulation



EVENTS

call cgll

Fig. 33.

return

Models 1 - 3 and 5

Subroutine EVENTS

ARTVL
EHEAT
ECRANE
HREP
REPORT
COMPL

H [}

o\ Fwn -
]



go to \\\\\\\>
(192p3:435!6’7)’/K

K=1 K=2 K=3 K =4 K=25 K =6 K=7

call call call call call call call

return

1 - ARIVL
2 - EHEAT
3 - ECRANE
4 - HREP
5 = REPORT
6 - COMPL
7 - INST

Models 4 and 6

Fig., 34, Subroutine EVENTS



ARIVL

Collect statistics on arriving and waiting ingots

/\
No Arr1v1nv‘\\‘\\

1ngots wailting? ’::>>

\\\\\\\
“I”/§es

Remove ingot and place in cold ingct yard

Place ingot in waiting line,

Store present time and distance.

No Are all \\\\\

ingots in waiting
line?-

Schedule next ARIVL,
Generate ingots on ARIVL

<::Eziii\ldle? Call BCRANE

No

Y. y

A

Retumm

Model 1

Fig. 35. Flow chart of the event ARITVL
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Determine train length
Yes there

No e Trains
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Is
space
of Yes

at front
pit?

Place ingot in waiting lire. ¥
tore present time and distance g [

No Are all Yes ]

ingots in waiting »
liV

Place ingot in waiting lire. _—

L

Store present time and cistance

Cy g
"y

N < ~ i RN S b
Fig, 30, Flow chart of the event ARIVL



Fig. 36.
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g

o~
" sre all ™
ingots in wailting >

—

Yes

Schedule next ARIVL,
Generate ingots on ARIVL

Crane idle?
-

Yes

Return

Model 2

Flow chart of ths event ARIVL (cont'd)



[ ARIVL .]

E

¥
Collect statistics on
arriving and waiting ingots

Place ingot in waiting line,
Store present time and distance

g Are 21l No
<i:: ingots in waiting ‘::>-"mm_m_w.,

’/,,/”

Schedule next ARIVL,
Generate ingots on ARIVL

Yes
Crane idle? ~— 3t call ECRAUE
i
L ;
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N
1
Return

D
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ARIVL
{

Collect statistics on arriving and waiting ingots

}

/

) No " Arrlvmr*
< "// ingots waiting?

gl

No

Remove ingot and place in cold ingot yard

, Place the ingot in waiting line.
Store present time and distance

Are all
ingots in waiting
line?

Yes

Schedule next ARIVL.
Generate ingots on ARIVL

Yes
Crane id\lz?\’>-——-—--+ Call ECRANE

B i
No

f

Return

Medels 4 and 6

lxj

ig. 38. Flow chart of the event ARIVL
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ECRANE

T

Y

Collect statisties on arriving ]
and soaked ingots and empty cells |

!
\ 4

Select crane operation
T °Fe%° °peF

X, Chérging‘ celd ingots = - 3» Drawing soasked ingots
i !

No Aked X
2 ' Yes

H

! |

mﬁs Collect
> w N Cstatistios
; |

Crane idle Remove soaked ingot

@ @ Ret:.u'n Q)B

2. Charging %’rriving ingots

Coan

Arriving
ingot waiting?

Yes

Models X -~ 6

Fig, 39. Flow chart of the event ECRANE
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Increase cold ingots
charged by 1

Collect crane statistics

©
}

Cellect statistices on
TCkL, THWAIT, T.B.D

there empty

i Yes

Schedule HECRANE

i

4

Collect statistics on crane

¥

time and arriving ingots

Schedule ECRANE and EHEAT

Create empty cell

Schedule ECRANE and BHEAT

<
<

fg. 39,

v

Determine the next
crane operation

k'

Retur

Models 1 - 6

Flow chart of the event ECRANE (cont'd)




arriving ingot

remove an empty cell

y

collect statistics
on empty cells

Y

determine
heating time

cold cold ingot
ingot or arriving S
ingot?
determine

heating time

y
schedule COMPL

b

return

"Model 1 - &

)

\

Flow charli of the event

,
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ZAT

45
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104

collect statistics on THEAT

y

place soaked ingot
in waiting line

no

crane idle?

yes

) 4

determine next crane operation

Yy
call ECRANE

.

return

Model 1 - &

Fig, 41, Flow chart of the event COMPL



y

collect statistics on
ingots produced

Schedule next HREP

return

Model 1 - 6

Fig, 42, Flow chart of the eveni HREP

REPORT

print out all statisties

A

schedule next REPORT

y

return j

Lmamamme .

Model 1 - 6

Fig. 43. Flow chart of the event RiPORT
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Initialise all
statistics and histograms

\

Note the ingots
produced in the interval

Initialise cold
ingots in the system

Y
Schedule next. REPORT

Return

1aq

. i), . 5 -
Fig, 44, Flow chart of the event INSY
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Cr¥xx MAIN PROGRAM

C

COMMCN IDaIMyINIT,JEVENTy JMONIToMFAyMSTCPyMXyMXCyNCOLCT 9y NHISTO,NCG
1y NORPT4yNOT 4y NPRAMS s NRUNyNRUNSyNSTAT 40UTy SCALE,NSEED, TNOW,, TSTART,LTST
20P M XX

COMMCN ATTRIB(4),ENC(4)+INN(4),JCELLS(15,22),KRANK{4),MAXNQ(4),MFE
1(4)4,MLC(4) yMLE(4) 4NCELLS({15)4NQ(4),PARANS(20,4),QTIME(4),SSUMA(LG,
25)9SUMA(L10,5),1IX(8)

COMMCN NCEL.FRACLyFRACZ2yNTySXySYsF1y XDy YDy XHeXC1lyXC24,LCONL,LDIST,TT
11,77T2,PT1,A1,A2,C1,C2,HRS,DELTA

COMMCN TBDyTLDyNSYS NTRNyTEMPTY, WAITIN,THEAT,NCOLD,TCRUT,NINGR,NRE
1P KRyTCEL CT4yPUSTELyTXyTY,LDyNC,TCoNC,RED

DIMENSION NSET(6,150)

READ 104NCEL,FRACLFRAC29SXySYsFLl s XDeYDyXHyXC1lyXC2yLCON,LLOIST,TT1,
17T72,PT1,A1,A2,C1,C2,HRS,DELTA

1C FORMAT(I[5,2F5.2/2F8al19F1l0s695F5.0,214/TF6.2/2F6.0)

TLD=C.

CT=0.C

TCRUT=0.,.

PU=0.

NC=0

RED=FRS

TX=0.C

ND=0

NSYS=C

NCOLC=0

NINGR=0

NREP=(C

KR=0

PRINT 11,NCEL,FRAC2,FRACL,ySXsSY,F1,XD

11 FORMAT{1HO,40X,' NCEL =',1I5/1H0,4CX,"* FRAC2 ='",F5.2/1H0,40X,"' FRA

1C1 ='yF542/1H0,40X,* SX =9%3F8.0/1HCy41X,"* SY =*',F8.0/1H0,40X,
2! F1 ='3F10e6/1H0,40X,"* XC =',F5.0)
12 FORMAT(LIHO,40X,? YD =13F5.0/1HC 40X, * XH ="', F5.,0/1H0, 40X, !

1 XC1 =1',F5.,0/1H0,40X," XC2 ='4F5.0/1H0,40X,* LCON =',137/1H0,40X
29" LDIST =',13)
PRINT 12, YDyXHyXCLlyXC24,LCONLLDIST
13 FORMAT{1HG,40X," TT1 =1',F6.2/1HC,40X,"* TT2 ='yF642/1H0440X,°*

1 PTl =',F6-2I1HG,40X'. Al =',F6.2/1H0,4GX,' AZ :"FboZ)
PRINT 13,7T7T1,T72,PT1,A1,A2
14 FORMAT(1HO,4CX,?* Cl ='4yF6.2/1HC,40X,"? C2 ='",F64,2/1HC,40X,"

1 HRS =1,F6.2/1H0,40X,"' DELTA =',F6.0)
PRINT 14,C1,C24HRS,DELTA
15 FORMAT(F8,.2)
READ 15,7TQ
16 FORMAT(? MAX. TIME THE TRAIN CAN WAIT =',FB8,2/)
PRINT 16,47TQ
CALL GASP(INSET)
CALL EXIT
END



SUBRCUTINE EVENTS(K,NSET)

COMNMCN IDyIMyINTIT,JEVENToJMONIT o MFA,MSTOPyMXyMXCyNCOLCT,NHISTO,NOQ
1 yNORPTyNOT yNPRAMS y, NRUNyNRUNSyNSTATy0UTySCALEyNSEEDy TNOW, TSTART, TST
20P4MXX

COMMCN ATTRIB(4),ENQ(4),INN(4)4JCELLS(15422),KRANK(4),MAXNQ(4) MFE
1(4)4,MLC(4)yMLE(4)NCELLS(15)4NQ(4),PARAMS(2044),QTIME(4),SSUMA(1C,
25) +SUMALL1D,5),IX(8B)

COMMCN NCELyFRAC1yFRACZ2¢NT9SX9ySYsF1 XDy YD 9 XHsXC19XC24LCONLLDIST,TT
11,7172,PT1,A1,A2,C14C2,HRS,DELTA

COMMCN TBDoTLD o NSYSyNTRNyTEMPTY yWAITINyTHEATyNCOLD, TCRUT,NINGR,NRE
IPyKRyTCELCT9yPUWTELyTXyTYHLDyNC,TCGyND,RED

DIMENSION NSFT(é6,1)

GO TC (1929394954969 7)4K

CALL ARIVLINSET)

RETURN

CALL EHEATI(NSET)

RETURN

CALL ECRANEI(NSET)

RETURN

CALL KEREP(NSET)

RETURN

CALL REPORTI(NSET)

RETURN

CALL COMPL(NSET)

RETURN

CALL INSTI(NSET)

RETURN

END



C
Corxx
C
C
CAsax
C

19
C
CHesx
Cc

21
C
Creex
C

20

25
C
CHdex
C

110

Model 1

SUBRCUTINE ARIVL(NSET)

COMMCN IDeIMaINIT,JEVENTyJMONIT MFA,MSTOP,MXsMXC NCOLCT,NHISTO,NCQ
1y NORPT 4NOT s NPRAMSy NRUNyNRUNSyNSTATyOUT 9 SCALEoNSEED, TNOWy TSTART,,TST
20P 4 MXX

COMMCN ATTRIB(4),ENQ(4)yINN(4),JCELLS(15,22) KRANK{4),MAXNQ(4),MFE
1(4) yMLC(4) 4 MLE(4) 4NCELLS(15),NQ{4),PARAMS(20,4),QTIME{4),SSUMA(1C,
25),SUMA{10,5),1IX(8)

COMMCN NCELoFRAC1,FRAC2yNTySXySYoF1 XDy YDy XHeXC1lyXC24LCON,LDIST,TT
11,TT2,PT1,A1,A2,C1,C2,HRS,DELTA

COMMCN TBDyTLDoNSYSyNTRNy,TEMPTY ,WAITIN, THEAT,NCOLD, TCRUTyNINGR, NRE
1Py KRy TCEL yCTyPULTELyTXoTYyLDyNCoTQeND,RED

DIMENSION NSET{6,1)

ST=ATTRIB{(3)

[I4=ATTRIB{4)

NTRN=ATTRIB(4)

COLLECT STATISTICS ON NQ(2) AND NTRN

CALL HISTOG{FLOAT(NTRN)+0.0,1.0,9)
CALL TMSTAT(FLOAT(NQ(2)),TNOW,24NSET)

CHECK FOR ARRIVING INGOTS WAITING TO BE CHARGED

IF{NC(2))19,20,21
CALL ERROR{40,NSET)

REMOVE THE INGOT AND PLACE IT IN CCLD INGOT YARD

MFE2=MFE(2)

CALL REMOVE(MFE2,2,NSET)
NCOLC=NCOLD+1
IFINC(2).GT.0)GO TO 21

PLACE THE ARIVL IN FILE2; STORE TNCOW AND DISTANCE FRCM PIT

12=0
ATTRIB(1)=LCON+I2*LDIST
ATTRIB(2)=0
ATTRIB(3)=ST
ATTRIB(4)=0

CALL FILEM(2,NSET)
12=]2+1

CHECK WHETHER THE ARIVL WAS FILED IN FILE 2

IF(12.LT.14)G0 YO 25
ER=ERLANG{4,2)

CALL HISTOG{ERy+040.1,5)
CALL COLECT{ER,8,NSET)



CHekk
C
C
Craxx
C
C
CHaxx
Cc
C
Crarx
C
30
50
40

SCHECULE NEXT ARRIVAL

TIME=TNOW+ER

GENERATE THE NO. OF INGOTS ON THE TRAIN
NN=RNCRML {5,1)

FILE THE ARIVL INTO THE EVENT FILE

ATTRIB{1)=TIME
ATTRIB(2)=1.0
ATTRIB(3)=TIME
ATTRIB(4)=NN

CALL FILEM(1,NSET)

CHECK WHETHER THE CRANE IS IDLE

IF(KR)30,40,50

CALL ERROR(41,NSET)
RETURN

KR=2

CALL ECRANE(NSET)
RETURN

END



C
Ceasxk
C
C
CHaex
C

19

21
C
CHekxk
C

60
C
Creaxk
C

90

61

70

112

odel 2

SUBRCUTINE ARIVL{NSET)

COMMCN IDoIMoINIT,JEVENT g JMONITo MFA,MSTCPyMXyMXCoNCCLCT,NHISTGO,NCQ
Ly NORPTyNOToNPRAMS, NRUNyNRUNSyNSTAT ,OUTy SCALE,NSEED, TNOW,TSTART, TST
20P, MXX

COMMCN ATTRIBI(4),ENQ{4),INN(4),JCELLS(15+22),KRANK(4),MAXNQ(4),MFE
1(4)yMLC{4) 4 MLE{4),NCELLS(15)4NQ(4),PARAMS(20,4),QTIME(4),SSUMA(10,
25) 3 SUMA{1045), IX(8)

COMMCN NCEL,FRACLyFRAC2yNT ¢SX9SYsFLleXDs YDy XHeXC19XC2yLCONSLDIST,TT
11,7T7T2,PT1,A1,A2,C1,C24HRS,DELTA

COMMCN TBDoTLDyNSYSyNTRN,TEMPTY WAITIN,THEAT,NCOLD, TCRUTy,NINGR,NRE
1Py KRy TCEL, CTyPUSTELyTX,TY,LDyNC,TQ,ND,RED

DIMENSION NSET(6,1)

ST=ATTRIB(3)

I14=ATTRIB(4)

NTRN=ATTRIB(4)

COLLECT STATISTICS ON NQ(2) AND NTRN

CALL HISTOG(FLOAT(NTRN)40.0+41.0,9)
CALL TMSTAT(FLOATI(NQ(2)),TNOWy2,NSET)

CHECK FOR ARRIVING INGOTS WAITING TO BE CHARGED

IFINQ(2))19,20,21
CALL ERROR{40,NSET)
LF=LCON+NTRNA*LDIST

CHECK FOR SPACE AT THE FRONT OF THE PIT

IF(LC-LF)60,60,20

MLE2=MLE(2)

CALL REMOVEIMLE2,2,NSET)
LG=ATTRIB(1)

CALL FILEM{24,NSET)
LK=(LCON+IFIX{PARAMS{1,3))=LDIST)*NT

CHECK FOR SPACE AT THE BACK OF THE PIT

IF(LG+LF-LK)61,61,90
NCOLC=NCOLD#NTRN

GO TC 80

13=0
ATTRIB(1)=LG+LCON+I3*LDIST
ATTRIB(2)=0.0
ATTRIB(3)=ST
ATTRIB{4)=0.C

CALL FILEM{2,NSET)
[3=13+1

IF{I3.LT.14) GO TO 70
GO TC 80



CHxkx

20
25

CHrxs

CHexx

30
50
40

PLACE THE ARIVL IN FILE2; STORE TNCW AND DISTANCE FROM PIT

12=C
ATTRIB(1)=LCCN+I2*LDISY
ATTRIB{2)=0
ATTRIB(3)=ST
ATTRIB(4)=0

CALL FILEM{2,NSET)
I12=12+1

CHECK WHETHER THE ARIVL WAS FILED IN FILE 2

IF{I2.LT.14)G0 TO 25
ER=ERLANG(4,2)

CALL COLECT(ER,8,NSET)
CALL HISTOG(ERy«090.145)

SCHEDULE NEXT ARRIVAL

TIME=TNOW+ER

GENERATE THE NO. OF INGOTS ON THE TRAIN
NN=RNCRML{5,1)

FILE THE ARIVL INTO THE EVENT FILE

ATTRIB(1)=TIME
ATTRIB(2)=1.0
ATTRIB(3)=TIME
ATTRIB(4)=NN

CALL FILEM{1,NSET)

CHECK WHETHER THE CRANE IS IDLE

IF(KR)30,40,50
CALL ERROR{41,NSET)
RETURN

KR=2

CALL ECRANE(NSET)
RETURN

END

113



CHakx

25

CH%kkxk

114
Model 3 and b5

SUBRCUTINE ARIVLINSET)

COMMCN IDoIMyINIY,JEVENTJMONIT,MFA,MSTOP¢MXyMXCoNCOLCT,NHISTO,NOQ
1yNORPT4NOT,NPRAMS  NRUNy NRUNSyNSTAT,0UT, SCALEyNSEEDyTNOW, TSTART, TST
20P 4 MXX

COMMCN ATTRIB(4)ENQ(4)oINN(4),JCELLS(15422)+KRANK{4),MAXNQ{4),MFE
1(4)yMLC(4)yMLE(4),NCELLS{15),NQ(4),PARAMS{20,4),QTIME(4),SSUMA(10,
25) 9 SUMA(10,5),1X(8)

COMMCN NCEL,FRACL,FRAC2yNTySXySYyFlyXDyYDeXHeXC1,XC2,LCON,LDIST,TT
11,TT2,PT1,A1,A2,C1,C2,HRS,DELTA

COMMCN TBDoTLDyNSYSyNTRNoyTEMPTY,WAITIN, THEAT¢NCOLD, TCRUTsNINGR,NRE
1Py KRyTCEL yCToPUSTEL»TXyTYyLD9yNCoTQyNDyRED

DIMENSION NSET(6,1)

ST=ATTRIB(3)

14=ATTRIB(4)

NTRN=ATTRIB(4)

COLLECT STATISTICS ON NQ{2) AND NTRN

CALL HISTOG(FLOATI(NTRN)»0.041.0,9)
CALL TMSTAT{FLOATI(NQ(2)),TNOW,2,NSET)
12=14

ATTRIB(1)=LCON+I2*LDIST

ATTRIB(2)=0

ATTRIB{(3)=ST

ATTRIB(4)=0

CALL FILEM(2,NSET)

12=12-1

CHECK WHETHER THE ARIVL WAS FILED IN FILE 2
IF({I2.67T.0) GO TO 25

ER=ERLANG{ 4,2)

CALL HISTOG{ER4.040.155)"

CALL COLECT(ER,8,NSET)

SCHECULE NEXT ARRIVAL

TIME=TNOW+ER

GENERATE THE NO. OF INGOTS ON THE TRAIN
NN=RNCRML ({5,1)

FILE THE ARIVL INTO THE EVENT FILE
ATTRIB(1)=TIME

ATTRIB(2)=1.0

ATTRIB(3)=TIME

ATTRIB(4)=NN
CALL FILEM{(1,NSET)



115

CH#xxx CHECK WHETHER THE CRANE IS IDLE

IF(KR)30,40,50
30 CALL ERROR(41,NSET)
50 RETURN
40 KR=2
CALL ECRANE{NSET)
RETURN
END



c
CHaxx
C
90
C
Coiax
c
100
19
60
61
25
c
CHE&%
C
C
CH&kk
o
C .
CH %%k

Models 4 and 6

SUBRCUTINE ARIVL(NSET)

COMMCN IDyIMaINIT,JEVENT,JMONITyMFA,MSTOP,MXyMXCyNCOLCTyNHISTO,NGQ
1yNORPTyNOTyNPRAMS s NRUNyNRUNSyNSTAT,0UT 9 SCALE,NSEEDy TNOWo TSTART,,TST
20Py MXX

COMMCN ATTRIB{4),ENQ(4),INN(4),JCELLS(15,22),KRANK{4),MAXNQ(4),MFE
1(4),MLC{4) yMLE(4) 4NCELLS(15)4NQ(4),PARAMS{20,4),QTIME(4),SSUMA(1C,
25) 3 SUMA(10,5),1IX(8)

COMMCN NCELoFRAC1,FRAC2yNT3SXySYsF1lyXDyYDgXHyXC19XC2yLCONSLDIST,TT
11,772,PT1,A1,A2,C1,C2,HRS,DELTA

COMMCN TBDyTLDyNSYSyNTRN, TEMPTY,WAITIN, THEAT,NCOLD, TCRUT,NINGR,NRE
1Py KRy TCEL,CToPU,TELTX,TY,LDyNC,TQsND,RED

DIMENSION NSET(6,1)

ST=ATTRIB(3)

[4=ATTRIB(4)

NTRN=ATTRIB(4)

COLLECT STATISTICS CN NQ(2) AND NTRN

CALL HISTOG(FLOAT(NTRN)0.051.0,9)
CALL TMSTAT{(FLOATI(NG(2))4TNOW,2,NSET)
IF(NQ(2))19,61,1C0

CHECK WHETHER A TRAIN IS WAITING FOR MORE THAN TQ HRS

IF(TNCW-NSET{ATTRIB(3),MLE(2))/SCALE-TQ)61,61,60
CALL ERROR{4C,NSET)
MLE2=MLE(2)

CALL REMOVE(MLE2,2,4NSET)
NCOLC=NCOLD+1

GO TC 90

12=14
ATTRIB(1)=LCCN+I2*LDIST
ATTRIB(2)=0

ATTRIB{(3)=ST

ATTRIB(4)=0

CALL FILEM{2,NSET)
12=12-1

CHECK WHETHER THE ARIVL WAS FILED IN FILE 2
IF(I2.GT.0) GO TO 25

INTER ARRIVAL TIME IS ASSUMED TC BE ERLANG 4
ER=ERLANG(4,2)

CALL COLECT(ER48,4NSET)

CALL HISTOG(ER,4050.1,45)

SCHECULE NEXT ARRIVAL



c
CHexx
C
c
CH* #%%
c
C
CH&xx
C
30
50
4G

TIME=TNOW+ER

GENERATE THE NUMBER OF INGOTS OTHE TRAIN
NN=RNCRML (5,1)

FILE THE ARIVL INTO THE EVENT FILE

ATTRIB{1)=TINME
ATTRIB(2)=1.C
ATTRIB(3)=TINME
ATTRIB(4)=NN

CALL FILEM(1,NSET)

CHECK WHETHER THE CRANE IS IDLE

IF(KR)30,40,50

CALL ERROR{41,NSET)
RETURN

KR=2

CALL ECRANE(NSET)
RETURN

END

117
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SUBRCUTINE ECRANE(NSET)

COMMCN IDyIM,INITHJEVENTJMONIT,MFA,MSTOP,MXyMXCyNCOLCT4NHISTO,NOQ
1, NORPT4NOT s NPRAMSy,NRUNyNRUNSyNSTAT y0UT 9y SCALENSEEDs TNOW, TSTART,,TST
20P 4 MXX

COMMCN ATTRIB(4),ENQ(4),INN(4),JCELLS(15,22),KRANK(4),MAXNQ(4),MFE
1{4),MLC(4) yMLE(4),NCELLS(15),NQ(4),PARAMS(20,44),QTIME(4),SSUMA(10,
25)sSUMA(10,5),1X(8)

COMMCN NCELoFRACL FRACZ¢NTySX9SYsFle XDy YDy XHyXC1leXC2LCONLLDIST,LTT
11,7T72,PT1,A1,A2,C1,4C2,HRS,DELTA

COMMCN TBDoTLDyNSYSyNTRNSTEMPTY WAITIN,THEAT,NCOLD,TCRUTyNINGR,NRE
1Py KRy TCELyCT4PUSTELyTXsTY,LDyNCoyTQoND,RED

DIMENSION NSET({6,1)

CALL HISTOG(FLOAT(NQ(4))0.0,3.,0,10C)

c
C*%*%%x DETERMINE THE TYPE OF CRANE SERVICE
C
GO TC (10,2C,430),4KR
c
C#¥%%x CHARGING ARRIVING INGOTS
C
20 IFI(NQ(2))21,40,50
50 IF(NQC(4))22,40,70
21 CALL ERROR{(21,NSET)
22 CALL ERROR{22,NSET)
70 TCRUT=TCRUT+CT
CT=CT*60.0
C
C*#%%x COLLECT STATISTICS ON CRANE TIMES
C
CALL COLECT{(CT,2,NSET)
CALL HISTOG(CT30+640.1044)
CALL TMSTAT(FLOAT(NQ(2))sTNOW,24NSET)
MFE2=MFE(2)
CALL REMOVE(MFE2,2,NSET)
C

C*%*%%x COLLECT STATISTICS ON WAITING TIME FCR ARRIVING INGOTS

WAITIN=TNOW-ATTRIB(3)
WAITIN=WAITIN%60,0

CALL COLECT{WAITIN,1,NSET)
CALL HISTOG{WAITINGO«0y2.0,8)

C**%%x CRANE TIME IS THE MAX. TRAVEL TIME PLUS A CONSTANT

CT=F1+AMAX1{{ATTRIB(1)+DRAND(1)*XD)/SX,CRAND(2)*YD/SY)
L1=1

ATTRIB(1)=TNCW+CT

ATTRIB(2)=2.0

ATTRIB(4)=L1

C*%*%% SCHECULE HEATING TIME EVENT



CHxk%

R ET
150
80

90
100

110

CHatk

30
120

31
140

CHakx

CHkx

240

CALL FILEM(1,NSET)
ATTRIB(2)=3.C

SCHECULE END OF CRANE SERVICE TIME

CALL FILEMI{1,NSET)
CHECK PRIORITY FOR CRANE

XY=FLCAT{NQ(4))/FLCAT(NCEL)
IF(XY-FRAC2)80,90,90

KR=3

RETURN
IF(XY-FRAC1)100,110,11C
KR=2

RETURN

KR=1

RETURN

CRANE DRAWING SOAKED INGOTS

IF(NC(3))31,120, 140

KR=2

GO TC 20

CALL ERROR(31,NSET)
TCRUT=TCRUT+CT

CT=CT*60.0

CALL COLECT{(CT,2,NSET)
CALL HISTOG(CT40+6+90.1044)
MFE3=MFE(3)

CALL REMOVE(MFE3,3,NSET)

COLLECT STATISTICS ON TCEL, THWAIT, AND THEAT

TCEL=TNOW-ATTRIBI(3)

CALL COLECT(TCEL,3,NSET)
THWAIT=TNOW-ATTRIB(1)
THWAIT=THWAIT*60,0

CALL COLECT(THWAIT,4,NSET)
CALL HISTOG({THWAIT,C0e0y1.0,3)

SCHECULE SERVICE TIME FOR SCAKED INGOTS

CT=F1+AMAX1 ( (XH+(1-DRAND(1))*XD)/SX,ORAND(2)*YD/SY)
ATTRIB(1)=TNCW+CT

ATTRIB(2)=3.0

CALL FILEM{1,4NSET)

NSYS=NSYS+1

TBD=TNOW-TLD

TLD=TNOW

TBD=TBD*60.0

11



120

CALL COLECT(TBDys5¢NSET)
IF{TBC-10.0)210,210,220
210 CALL HISTOG(TBD90<C30.5+6)
GO TC 230
220 CALL HISTOG(TBDy10.052.047)
230 ATTRIB{1)=TNOW
CALL TMSTAT(FLOAT(NQ{4)),TNOW,1,NSET) .
CALL FILEM(44NSET)
60 TC 150
40 IFINQ(3))169,170,171
169 CALL ERROR({32,NSET)

170 KR=0
RETURN
171 KR=3
GO TC 140
C
C*¥¥xx CHARGING COLD INGOTS
c
10 IF{NCCLD-NC)150,160,161
159 CALL ERROR{12,NSET)
160 KR=2
GO TC 20
161 IF(NC(4))39,40,200
39 CALL ERROR{12,NSET)
200 NC=NC+1
TCRUT=TCRUT+CT
CT=CT#*60.0
CALL COLECT(CT,24NSET)
CALL HISTOG(CT90.690.10,4)
c
C*+x% CRANE SERVICE TIME FOR COLD INGOTS
c
CT=F1+AMAX1((UNIFRM(XC19XC2,43)+DRAND{1)*XD)/SXy {1-DRAND{(2))*YD/SY)
ATTRIB(1)=TNOW+CT
L1=2
ATTRIB(2)=2.0
ATTRIB(4)=L1
C i
C#**%x% SCHECULE HEATING TIME EVENT
c
CALL FILEM{1,NSET)
c
C**%x SCHECULE END OF CRANE SERVICE TIME
c

ATTRIB(2)=3.0
CALL FILEMU1,NSET)
GO TC 150

« END



C
Chkkk
C
31
71
6
C
CHak%k
C
30
18
20
80
40
C
Creex
C

50

(]
%)
=t

SUBRCUTINE EHEAT(NSET)

COVMCN IDgyIMyINITHJEVENT g JMONITyMFA,MSTCPyMXyMXCoNCOLCT o NHISTO,NCGQ
1y NCRPTyNOT s NPRAMS yNRUNyNRUNSyNSTAT,CUTy SCALEZNSEED, TNOWo TSTART,HTST
20P 4 MXX

COMMCN ATTRIB{4),ENGQ(4),INN(4)yJCELLS(154922),KRANK(4),MAXNQ{4)4MFE
1(4)MLC(4) yMLE(4) NCELLS(15)4NQ(4)4PARAMS(20494),QTIME(4),SSUMAL(LGC,
25) 9 SUMA{1C,5),IX{8)

COMMOCN NCELJFRACL1 FRACZ2yNT 9SXeSYeF1ly XDy YDy XHyXC1lyXC24LCONHLDIST,TT
11,772,PT14A19A2,C1,C24HRS,L,DELTA

COMMCN TBDyTLDoNSYSyNTRNyTEMPTY yWAITIN,THEAToNCCLDy TCRUTZNINGRyNRE
IPyKRyTCELsCToyPUsTELyTXyTYSZLDyNCyTQyND,RED

DIMENSION NSET(6,41)

XT=ATTRIB(3)

L1=ATTRIB(4)

CALL TMSTAT(FLOATI(NG{(4)),TNOW,14NSET)

MFE4=NMFE(4)

CALL REMOVE(MFE4,4,NSET)

ATTRIB(3)=XT

CHECK WHETHER IT IS A COLD OR A HCT INGCT

[F(L1-1)71,3C, 31

IF(L1-2)71,40,71
PRINT 6,L1
FORMAT (?* HEATING TIME CONSTANT WRONG =',15)

CALL ERROR(T1,NSET)
X IS A FUNCTICON CF TRACK TIME

X=TNCW-ATTRIB(3)

X=X+RNCRML(7,3)

IF(X-7T7T2)10,10,2C
THEAT=A1®(X-TT1)*%2+PT1

GO TC 5¢
THEAT=AL1*{TT2-TT1)**2+PT1+A2%(X-TT2)
IF(THEAT-C1)50,50,80

THEAT=C1

GO TC 50

THEAT=UNIFRM{C1,C2,46)

SCHECULE COMPL EVENT

ATTRIB(1)=TNOW+THEAT
ATTRIB(2)=6.0
ATTRIB(3)=TNCW
ATTRIB(4)=THEAT

CALL FILEM(14,NSET)
RETURN

END
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SUBRCUTINE COMPL{NSET)

COMMCN IDyIMyINIT,JEVENT 3 JMONITyMFA,MSTCP,MX,MXCyNCOLCT,NHISTO,NOGQ
1yNORPT4NOTyNPRAMS ¢ NRUNyNRUNSyNSTAT ,0UT, SCALE,NSEED, TNOW, TSTART, TST
20Py M XX -

COMMCN ATTRIB(4),ENQ(4),INN(4),JCELLS(15,22),KRANK(4),MAXNQ(4)4MFE
1(4)4yMLC(4)yMLE(4),NCELLS(15)4NQ(4),PARAMS(2C+4),QTIME(4),SSUMA(1Q,
25) 9y SUMA(1C,+5), IX(8)

COMMCN NCEL,FRAC1,FRAC2yNT9SXySYyF1lyXDyYDeXHyXC19XC2yLCONSLDIST,TT
11,T72,PT1,A1,A2,C1,C2,HRS,DELTA

COMMCN TBDy TLDyNSYSyNTRN, TEMPTY,WAITIN, THEAT,NCOLD, TCRUT,NINGR, NRE
1PyKRyTCEL9CTyPUSTELTX,TY,LOyNC,TC9yNC,RED

DIMENSION NSET(641)

THEAT=ATTRIB(4)

CALL COLECT(THEAT,6,4NSET)

CALL HISTOG(THEAT2+409045+1)

CALL FILEMI(3,NSET)

CHECK WHETHER THE CRANE IS IDLE

IF(KR)10,10,20

RETURN
XY=FLCAT(NQ(4))/FLOATI(NCEL)
IF(XY-FRAC2)80,90,90
KR=3

CALL ECRANE(NSET)
RETURN
IF(XY-FRAC1)100,11C,110
KR=2

CALL ECRANE(NSET)
RETURN

KR=1

CALL ECRANE(NSET)
RETURN

END
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SUBRCUTINE HREP(NSET)

COMMCN 1Dy IMyINIT,JEVENT9 JMONITyMFA,MSTCP,MX,MXC,NCOLCT,NHISTO,NCQ
1 ,NORPTyNOT,NPRAMS, NRUN,NRUNSy,NSTAT,0UT,y SCALE,NSEEDy TNOW, TSTART, TST
20P 4 MXX

COMMCN ATTRIB(4),ENQ(4),INN(4),JCELLS(15,22)4,KRANK(4),MAXNQ(4),MFE
1(4),MLC(4)yMLE(4),NCELLS(15),NQ(4),PARAMS(20,4),QTIME(4),SSUMA(10,
25) 9 SUMA(10,5),IX(8)

COMMCN NCEL,FRAC14FRAC2yNTySX9SYsF19XDsYDyXHsXC1yXC24LCONoLDIST,TT
11,TT24PT14A1,A2,C14C2,HRS,DELTA

COMMCN TBDyTLDyNSYSyNTRN, TEMPTY,WAITIN, THEAT,NCOLD, TCRUT,NINGR, NRE
1Py KRy TCELyCToPUyTELyTXyTYyLDyNC,TCoND,RED

DIMENSION NSET(6,1)

C
C*%%x%x GENERATE NEXT HREP
C
ATTRIB(1)=TNOW+HRS
ATTRIB(2)=4.0
CALL FILEM(1,NSET)
NS=NCCLD-NC
NINGR=NSYS-NINGR
CALL COLECT{(FLOAT(NINGR)y7,NSET)
CALL HISTOG(FLOAT(NINGR) 40.092.0,2)
PU=TCRUT-PU
TX=TX+PU
C
C¥ex% X=GRAND AVRGe. UTILIZATION OF THE CRANE. XF= UTILIZATION INITIALIZED
C AT 3C HOURS
C
X=TCRUT*100.C/TNCHW
XF=TX*100.0/RED
ND=NC+NINGR
C
C*%%% XI = GRAND AVRG. OUTPUT . XG= GRANC. AVRG. OUTPUT INITIALIZED AT
C AT 30 HOURS
C
XI=NSYS*100.C/TNCW
XG=FLOAT(ND)/RED*100C.0
C
C**¥%* CRANE UTILIZATION, PERCENT = XX
C

XX=PU*100.0/HRS

IF{XX-100.0)20,20,30
30 XX=100.0
20 PRINT 169 TNOWoNINGRy XTI 9 XGoNCOLDyNC o NSoINQ{I)sI=294) ¢ XX9 X9 XF
16 FORMAT({1HOyFB8429199,2F9.24619,3F9.2)

PU=TCRUT

NINGR=NSYS

RED=RED+HRS

RETURN

END
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SUBRCUTINE REPORTU(NSET)

COMMCN IDyIMyINIT,JEVENT JMONIT,MFA,MSTOP,MXysMXCoNCOLCT4NHISTO,NCQ
1,NORPTyNOTyNPRAMS,NRUNyNRUNSyNSTAT y0UTy SCALE,NSEED, TNOW, TSTART,TST
20P 4 MXX

COMMCN ATTRIB{(4),ENQ(4),INN(4),JCELLS(15,22),KRANK{4),MAXNQ(4)4MFE
1{4),MLC(4)yMLE(4),NCELLS{15),NQ(4)PARAMS(20,4),QTIME(4),SSUMA(1C,
25) 9 SUMAL10,45),1X(8)

COMMCN NCELyFRACL1,FRAC2yNT9ySXySYyF1lyXDyYDeXHyXC19XC24LCON,LDIST,TT
11,7T72,PT1,A14A2,C1,C2,HRS,DELTA

COMMCN TBDyTLDyNSYSyNTRN,TEMPTYWAITIN, THEAT,NCOLDy TCRUT,NINGR4NRE
1Py KRyTCELyCToPUSTELyTXsTY,LDyNC,TQ4sND,RED

DIMENSION NSET(6,1)

C*%%%* GENERATE NEXT REPORT

c

ATTRIB(1)=TNOW+DELTA
ATTRIB{(2)=5.0

CALL FILEM({1,NSET)
NREP=NSYS—-NREP-IFIX(TY)
TY=0.C

CALL COLECT(FLOAT(NREP),9,NSET)
CALL SUMARYI(NSET)

CALL CUTPUTI(NSET)
NREP=NSYS

RETURN

END
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SUBRCUTINE OUTPUTINSET)

COMMCN IDyIMyINIT,JEVENTJMONIToMFA,MSTCP,MX,MXCyNCOLCT,NHISTO,NOQ
1, NORPTyNOT ¢NPRAMS , NRUNyNRUNSyNSTAT0UT,» SCALE,NSEED, TNOW, TSTART, TST
20Py MXX

COMMCN ATTRIB(4),ENQ(4)+INN(4),JCELLS(15+22)+KRANK(4),MAXNQ{4),MFE
1(4)4MLC(4)yMLE(4),NCELLS(15)4NQ(4),PARANMS(20,4),QTIME(4),SSUMA(10,
25) s SUMA(10,5), IX(8)

COMMCN NCELoFRACL1,FRAC2yNT 9SX9SYsF1ls XDy V¥DyXHyXC19XC2yLCONSLDIST,TT
11,T12,PT1,A1,A2,C1,C2,HRS,DELTA

COMMCN TBDyTLDyNSYSyNTRNyTEMPTY WAITIN, THEAT,NCOLD, TCRUT,NINGR, NRE
1Py KRy TCEL9CTHPUSTELyTXsTY4sLDyNCyTGoND,RED

DIMENSION NSET(6,1)

IT=0

DO 1C I=1,22

IT=1IT+JCELLS(10,1)

X1=FLCAT{JCELLS(10,1))/FLOATI(IT)

FORMAT{1H1,*PROBABILITY THAT THE PIT IS FULL =',FT7.4)

PRINT 20,X1

RETURN

END
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370

360

3890
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SUBRCUTINE INST(NSET)

COMMCN IDyIMeINIT,JEVENTyJMONIT,MFA,MSTCP,MX,MXCyNCCLCT,NHISTO,NCQ
1,NORPTyNOT,NPRAMS;NRUN,NRUNS,NSTAT,,0UT, SCALE,NSEED, TNOW,TSTART,TST
20P 4 MXX -

COMMCN ATTRIB(4)+ENQ(4),INN(4),JCELLS(15,22),KRANK{4),MAXNQ(4),MFE
1(4),MLC(4) 4MLE(4),NCELLS(15),NQ(4),PARAMS(20,4),QTIME(4),SSUMA(10,
25) 9 SUMA(10,45),1IX(8)

COMMCN NCEL,FRAC1,FRAC2yNT3SXySYyF1y XDy YDy XHyXC1yXC24LCONSLDIST,TT
11,T72,PT1,A1,A2,C1,C2,HRS,DELTA

COMMCN TBDosTLDyNSYS,NTRN,TEMPTY,WAITIN,THEAT,NCOLD,TCRUTsNINGR,NRE
1Py KRy TCELsCTHyPUyTEL,TXsTY4LDyNC,TGQsND,RED

DIMENSION NSET(6,1)

DD 18 I=1,NCOLCT

0O 17 J=1,3

SUMA(I,J)=0.

SUMA(TI,4)=1.0E20

SUMA(I,5)=-1.0E20

DO 360 I=1,NSTAT

DO 37C J=1,3

SSUMA(I,J)=0.

SSUMA(T,4)=1.0E20

SSUMA(I,5)=-1.0E20

DD 38C K=1,NHISTO

DO 380 L=1,MXC

JCELLS(K,L)=0

TX=0.C

ND=0

TY=NSYS

RED=KRS

NC=0

NCOLC=0

SCHECULE REPCRT

ATTRIB(1)=TNOW+DELTA
ATTRIB(2)=5.C

CALL FILEM{1,NSET)
RETURN

END



w

N

230.0449

230.0449

w

230.0642

230,0763

N

230.0962

CODE

10

2+.0000

3.0000

6.0000

6.0000

6.0000

cep

CODE

1

¢

**GASP SUMMARY  REPORT %x

*%XGENERATED DATA**

E MEAN

1435.50

STD.EV.

38.89

M

140

**TIME GENERATED DATA*x

MEAN ST

15.41

1.59

D.DEV.

6.62

2.44

*%¥GENERATED FREQUENCY BISTRIBUTIGNS**

02154 393
0 0 5
01092 417 175
0 0 0
0 34 60
0 0 635
69 T2 64

52

QUEUE

AVERAGE NO.

MAXIMUM

229.9942

229.9942

2275642

22T7.2T12

227.3551

570 409 408

135 50
9 17
131 93
0 0
81 56
966 67
35 24
418 329
0 2

151 362 465152711172

PRINTOUT, QUEUE NO.

1.0000

1.0000

2.5000

2.8050

27410

28

22

106

60

85

17

218

15

799

IN MAX, 0B8S.
0.01 67.43 2795
1.20 2.09 5755
2.50 10632 2871
0.01 35,89 2871
l.25 39,83 2871
2.50 9.99 2869
4,00 22.00 201
0.10 1.50 404
8.00 1463.00 2
MIN, MAX o TOTAL TIME
0.0 35,00 229.995
0.0 14,00 230.020
HISTOGRAMS
7 8 3 0 0 0
26 37 33 31 17 4
95 115 80 85 75 69
215 635104314871174 752
32 26 25 14 3 5
139 67 64 206 90 37
8 5 8 2 5 1
145 92 66 39 34 16
81 156 109 37 4 0
615 548 425 364 74 10
46.627

OF ITEMS IN THE QUEUE WAS

QUEUE CONTENTS

64

304

35

64

23

41

119

41

19

35

26

20

25

34

32

39

13

20

20

o

10

20

10

O

20

85

18



w

N

230.1244

23C. 1650

230.2096

23C. 2887

230.4087

230. 4244

230.5297

230, 6840

230. 8427

230.8580

230.8630

230,9145

230.9405

231.0000

231.0354

231. 0890

231.1466

231.2586

231.3055

231.5415

231.6461

231.7416

231.7916

231.8136

231.8453

231.8579

231.8841

231.8868

231.9107

2319527

231.9625

231.9685

232.0121

232.0241

232,0484

232.0944

232.1110

232.1793

232.2041

232.,2313

6.0000
6.0000
6.0000
6.0000
6.0000
6.0000
6.0000
1.0000
6.0000
6.0000

6.0000

6.0000
6.,0000
4,0000
6.0000
6.0000
6.0000
6.,0000
6.0000

6.0000

6.0000
6.0000
6.6000
6.0000
6,0000
6.,0000
6.0000
6.0000
6.0000
6.0000
6.0000
6.0000
6.0000
6.0000
6.,0000
6.0000
6.0000
6.,0000
6.0000

6.0000

22T.6165
22T7.3836
22T.6981
227.642i
22T.7786
226+ 4453
227.5921
230.6840

228.,1498

222.2345

228.2932

228.1266

228.2038

0.0

228.1783

228.2604

227.6671

228.7582

22846452

22849953

228.8177

228.6972

229.2896

223.5318

222.6621

223.,5636

229.0924

229.3369

229.2280

229.3905

229.1203

228.6709

229.4776

228.7278

222.2087

229.2588

228.2336

222.6908

229,6998

229.3613

2.5078

2.7813

2.5115

2.6466

2.6300

3.9790

209375

8.0000

26929

B8e 6234

2.5697

2.7879

2.7366

C.0

28570

2.8285

3.4794

2.5003

2.6603

2.5461

2.8283

3.0444

25020

8.2817

9.1832

802942

2.17916

245498

2.6827

25621

28421

3.2975

2.5344

3.2962

9.8397

2.8355

3.8773

9.4884

205042

2.8700



w

N

232.3237 6.0000 229.1754 3.1482
232.3327 6.0000 229.6394 2.6932
232.4048 6.0000 223.6741 8.7306
232.5919 6.0000 228.7846 °~ 348072
232,6032 6.0000 229.2046 3.3985
232.8456 6.,0000 229.4478 3.3977
232.8727 6.0000 223.6429 942297
233.1795 60000 229,7265 34529
233,2638 6.0000 229.,4172 3.8465
233.4691 6,0000 229.7860 3.6830
233.,4863 6.0000 228.9742 445120
23463259 6.,0000 229.9157 444101
234.,8031 6.0000 229.8902 469128
234,9759 6.0000 229.7562 52196
235,2776 6.0000 229.6689 5.6086
330.0000 5.0000 0.0 0.0

QUEUE PRINTOUT, QUEUE NO. 2

AVERAGE NO. OF ITEMS IN THE QUEUE WAS 1.885

MAXTMUM 14

QUEUE CONTENTS

25.0000 0.0 229.9943 0.0
30.0000 0.0 = 229.,9943 0.0
35.0000 0.0 229.9943 0.0
40.0000 0.0 229.9943 0.0
45,0000 0.0 229.9943 0.0
5C0.0000 0.0 229.9943 0.0
55,0000 0.0 229.9943 0.0

QUEUE PRINTOUT, QUEUE NO. 3

AVERAGE NO. OF ITEMS IN THE QUEUE WAS 1.048

MAXTIMUM 11

QUEUE CONTENTS

THE QUEUE IS EMPTY

QUEUE PRINTOUT, QUEUE NO. 4

AVERAGE NO. OF ITEMS IN THE QUEUE WAS 15410

MAXIMUM 60

QUEUE CONTENTS

229.8376 3.0000 227.3305 2.5008



w

N

w

N

22G.5480 3.0000 227.2450 2.7028
229.9689 3,0000 227.3004 2.6490
229.,9948 3.0000 227.4162 25618

PROBABILITY THAT THE PIT IS FULL = 0.0079
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MAX. TIME THE TRAIN CAN WAIT

SIMULATION PROJECT NG, 1 BY

PARAMETER NO. 1 7.7500

PARAMETER NO. 2 0.1250

PARAMETER NO. 3 0.5000
SCALE= 10000.

NCEL = 60
FRAC2 = 0.20
FRAC1 = 0,50
SX = 6000,
SY =  3000.
F1 = 0.016670
XD = 50,
YD = 30,
XH = 25,
Xcl = 30.
XC2 = 50,
LCON = 15
LDIST = 5
TTL = 0.50
TT2 = 1.50
PT1 = 2.50
Al = 3.00
A2 = 1420
Cl = 8.00
C2 = 10.00
HRS = 1,00
DELTA = 100.
2.00
REDDY
DATE 4/ 14/ 1969
4.0000 11.0000
0.1000 1.5000
0.0 1.5000
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Simulation is used to study soaking pit operation. This model does not
include the teeming and stripping operatioﬁs, it assumes ingots arriving in
batches at random intervals of time. The rolling mill restriction is removed
and the ingots are drawn from the scaking pit after being heated to the
required conditions if the crane is available.

The type of crane operation--charging arriving ingots, chafging cold
ingots and drawing soaked ingots--based on the fraction of the cells empty,
i&-important, The two fractions which decide the type of crane operation,
are dependent mainly on the average utilization of the pit. Better results
can be achieved by reducing the fractions, when the utilization of the pit is
increasirg., But when the fraction, which decides either the charging of
arriving ingots or cold ingots, is reduced from 0.5 to 0.4, the system cre-
ated 50 percent more cold ingots, which will effect the economy of the scak-
ing pit operation. The determination of the exact frachticns are left to the

futurs research dus to the large amount of computer time required.



