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C § INTRODUCTION

United States Steel Corporation Fellowship_, the Corporatien
was asked if they had any problems which they would 11ke to

have solved and which at the same time would also be suit-

able for a-thesis in Industrial Engineering. Thus, 16 Was

__hoped that a thesis could -be -written and at the same time g - §

particular operating problem of the United States Steel
Corporation solved.
The main office of the Corporatiocn referred us to one

of' their operating plants where the Chief Industrial Engineer

was approached with the thought of helping him solve one of
his problems and at the same time ‘f‘ulf;ill_,the requirements
| for a thesis in Industrial Engineering, ‘Three problems which

they wanted to have solved were presented to us, Of these,
oneé was relected as being most appiicable to a thesis in
rivle..1al Engineering,

The protlem selected was stated as rollows: "How many

-ngo’ bugg:tes should we have?"

..It waB decided that the f'irst two steps of the study
should be: -, -«-«-m
l. To completely understand the physi-;égral

peration, . |

2. To collect what information was avallable,

1, ¢° amzrse, the paramount question at this time was,
"Thatip gn ingot buggye" |
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- of 400 tons,

DESCRIPTION OF THE SYSTEM

e systen studted was that part of the overall sys— |
tem for making steel which involves the utilization of

Ingot buggies, Ingot buggles are_actually small, standard

- g8ge rallroad -ars which are used td’transport steel from

~ the epen-hearth where it 18 made, to the'ﬁhiiiﬁéwgﬁ;jNWﬁ

-2

where 1t is converted into a finished product, 1 Basically,w:mwﬂ_wﬁm”?

Wl“fﬁén, the system studied 1s a material handling BYStem

Following 1s a description of this materlial handling
system, First 1s given a general description of the areas
involved in the system, and then a description of the ingot
buggies theﬁselves. | " ”

A, Open‘Hearths

At this plant, steel 1s produced in nine open hearth }

furnaces. At the time of the study, seven of the nine fur- -

naces had a capacity of 375“tons,2lbne furnace (#é'furnace)
had a capacity of 400 tons, and the remaining furnace was
in the process of belng converted from"a capacity of 375

tons to a capaclty of 400 tons, The plans of this plant

were to increase total plant capaéiiy‘Eé”j“bbb”bdomihéééw"“

tons per year by converting all of the furnaces to a capaclty

e “’m‘, BNyt W AP
¢5¢" e e s 440 PP

e WP e e 5
s B B . el e e St g w e or g "ﬂ""—."‘“-'— - as - - - e - - L T "R - -ns - ue -
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1., A glossary of term& has been pngvided in Appendix A,

2. A capacity of *375 tons means that the furnace can
produce 375 tons of steel at¢§ny one time,
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'WB,..Pourihg Area

The pouring area, commonly called the open hearth pit,

3&8 thE’area ln Which molten steel is poured into molds to :ii::i;lilww

form ingots. 'This area, which 18 in the same bullding as the
open hearths (See Figure 1, Appendix B), is several hundred
yards long. 'It.is‘open at both;ende and 18 bounded on one

7

the pouring platformS. The floor of the area, which is
actually the ground, has raillroad tracks running alohg the
side with the pouring'platforms.

When steel is ready to be poured a string of ingot
buggles, collectively referred-to as a drag, 18 moved into
the area to one of 1ts three pouring platforms. ’Settlng on

these ingot buggies are molds 1nto which molten steel will

RN

be poured to form 1ngots
The steel which 18 to be poured 18 tapped from the fur-
nace Into a ladle, The ladle 18 moved by overhead cranes
across the floor to the pouring platforms where the drag :
of ingot buggies 1s waiting. The molten steel is then
poured from t:. ladle, s: %11 supported by the overhead crane,
- 1into the molds After pourlng, the drag 1s not moved until - ;

. 3
a specifled minimum metal AN e, PO NG LB s - 31 Epnads e v

v MMM" AT A VTG Pi” - GRS AL Fha® W

After this minlmm time has elapsed, tne drag of ingot bu gies .EE
tﬁf Balusd By £ ﬁ_pphﬁg mEr T - T

3. If movecd efore =his time there 1s danger of the melten
Ingote exp.icding. '

~
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| by this time have solidified (See Figure 3, Appendix B).

.4, 

C. Stripping_ ML11

The f'unctioh of .the stripping millw, commonly called

"I'he‘ stripper is actually a shell of a building, open at beth

ends with two overhead cranes, The drag of cars with molds

cranes then remove the molds from the ingots and place them

on tb an 'empty drag of cars which was previously moved intqf\

the stripper. The drag of empty molds 1s moved to the mold
yard where the molds are reconditioned and the drag of _ingots

18 moved to the soaking pits.

D. Soaking Plts

The soaking plts are really open-topped gas fired fur-
riaces used to bring the ingbt-s to a uniform 't‘emper‘a‘turé.u”
After the drag of ingots 1s brought into the soaking pit area,
the 1ngots are removed from the ingot buggles and placed into
the pits, called charging the ingots, by an overhead ~crane..

When the drag of cars 1s empty, 1t is returned to t\he stripper

_where 1t awalts the arrival of. a drag of ingots. The molds - -~ -

which a-f'é"_ stripped are placed on this drag and it 1s then

3 ey PIXPTRAIa = e e ¢ e M W N W< WAl . DS ' B R il IR SR L R
s ewy ™ - b gl g

"2:(‘«:‘\”; e STy wlsdibaiistutuiuhan A4 coe
moved” to the mold yard.

4, wWhen the ingots arrive at the soaklng plts, the inside
of the ingot 1s st11l molten even though the surface has
solldifled, Before being rolled the ingot must be solid-
1fled and brought to a uniform temperature throughout.




sty WP Ll Ly

E. Mold Yard

The mold yard which is in the same building as the

| oven heasths, s paralled o the pouring ares, bemg
 separated by the pouring platforms - It 18 here that the

molds. are reconditioned for reuse. Reconditioning of the

molds 1s done by dipping them into a tank of liquid coating

- them with a substance which facintates rem

from the mold and which also improves the quality of the

steel, After coating, the molds are placed on the drag of

ingot buggles which will be moved into the pouring area.

F. Summary of Normal Ingot Buggy Cycle

To help clarify the materlal handling system studied,
a .summary of the normal, trouble-free ingot buggy cycle
follows,

1 Steel poured in molds at the pouring platform,

2. Held for minimum helding time
« Moved to s;tr‘fipper,

+ Ingots stripped,

3
b
5. Moved to soaking pits,
6 . Ingots charged

T

7. Returned to stripper

epmane e o B TERE RZEES Toabed on dnago- - R

9. Moved to mold yarq,
10.. Molds reconditionegq

11, Moved to pouring piatfopm‘ T | N @

‘oo




~ealled a stool, on which the molds set (

6.

G, Iggpt Buggles

As was stated before, an ingot buggy 18 actually a

- mall, flat, hesvy-duty ratlvoad car. Tt s used to brams-

 port molds and ingots through the system just described.,

There 18 only one basic type of ingot buggy used. How-

ever, on the baslc car 1tself is placed a cast ircn slab,

L

C stools used on the cars., These stools, once placed on

cars, are not removed until they have to be replaced. Thus,

in essence, there are two types of ingot buggiles, referred

to as B cars and C cars. The reason for the different types'

of stools, and thus types of ingot buggies, is to accommodate
the different sizes of molds. Each size mold has specified

the type of car that must be used to tranSport it

H. AInogerative Ingot Buggles

The term lnoperative ingot buggles means those ingot
buggles which are out of operation and cannot be used to

transport ingots from the- open hearth to stripper There

_are four primary reasons why an. ingot buggy would be inopera-

tive

- b —re W D -mﬂ-

m,w-qx;,e mgeﬂwmggv"iu *ﬁeix*rg*usea to trandport stickers,
A sticker 18 an ingot from which the mold cannot be pulled

1Hby the stripping crane., These ingots are sent back to the

open hearth area where the mold 1s burned off by use of an

2

acetylene torch,

rrrr




H. InoperativenIngot Buggies (Continued)
2, The ingot buggy 1is belng used as a shop buggy.

~www“fth shop buggy is the name given to an,ingot buggv wnich is : l¥ww -

being~used in the open hearth area for spare parts, For
example, if a set of wheels on a buggy which is in a drag
18 frozen, tkey will usually not remove the whole buggy

“ . o but rather 1uq+ repiaee~the—wheeis“W1tn a set from a shop |

3. The ingot buggy is being used to store cold steel.
Sometimes, for various reasons, such a8 no soaking pit room, |
the ingots will not be charged but rather will be allowed to
ccol. These cold ingots, called cold steel, are usually
moved to the South Yard where they are stored untll they
are to be rolled. Ingot'tuggies are,;ofAcourse, needed to : é
transport them to the South Yard, andtin addition, the 1ingots i
themselves are sometimes stored directly on the Ingot buggies,
thus removing buggies from the normal cycle,

k., The ingot buggy 1s out for repairs and maintenance
Ingot buggies, simple and as well constructed as they are,
also break down and need to be repaired -

Besides the four reasons mentioned above, there are -

other reasons why ingot buggies are not being ugad to tnnns~ - Lw#

. - ag fm W
Lok . ae “. - = @ AN ITI® S “w
B d

port ingots and melds., Ths two primary reasons are (1) an -

ingét buggy 12 being ussd eswaasnewpiow,ﬁ and (2) an ingot




fbnggyAis“béiﬁé’ﬁcéd éé“é7ébéééf.céﬁ_ A Spacer car 18 an

ic;[extra car placed between the locomotive and’ drag to separate

 *ﬂ4 i¥£f%hewiccomctive“frnm”tne neat of the ingots Hoaner; ingot

buggies do not have to be used for these purposes since
}4;wmw-~there are other cars available which woula serve the purpose
Just as well,
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THE PROBLEM

The problem as stated by U, S. Steel ‘was simply,o'ﬁkn[

 meny ingot buggies should we have?" Since‘this statement

t 18 too broad to use as an objective for the solution of the

problem, the problem first had to be defined,.

s

A, Definition of the Problem

.........

The problem as stated above did not include any crite-
rion for making the decision of how many ingot'buggies should
be available. Since the primary purpose of the Corpcration

18 to make a profit, the decision criterion should be maximum

:profits to the Corporation | However, profits are not directly

associated with ingot buggies, but since profits can be maxi-

mized by minimizing costs,’ the decision criterion should be

the lowest total cost to the Corporation,

In addition, two other questions have to resolved, One

is the question of correct methods and the other is the question

of plant output;
8ince we were concerned with "How many ingot.buggies
should we haveV" and not "How can we best utilize the ingot

buggles that we do have?", no methods or improvements were

~conte§g_2_i3t.ed, In other- words, the JRresent retkralsevere ea

—------—————&M————--—---—-——_-

1. This 1s not always true. For example, 1f advertising
costs are cuf, sales may also drop and thus decrease
profits, However, in this type of operation, which 1is
an essentlal production operation; profits can be maxi-
mized by minimizing costs, | |

4 AP




1o,

'.assumed tonﬁe'corféét
As was stated before, the . plans of U, S. Steel were

o »%e-expand thia plant's capaclty to 3,000,000 ingot toms . . _
| S per year by converting all nine furnaﬂes to" a capacity of '
400 tons. Since this expansion was planned to be completed -

within the year, a study conducted under present conditions

would be of 1imited valus to T. §. -Steel. ‘Trerefore, 1t -

hﬂi;;wwwwﬂﬂﬂndeﬁid&dhto.conductxthe‘study assumingianiaﬂnuaiout_n.,
put of 3,000,000 ingot tons.
| Thus, the problem was defined as follows: “Assuming’
v an annual outpu® of 3,000,000 ingot tons and assuming that
/ the present methods are in fact, correct, how many ingdt
bugglies should be avalilable to result in the lowest total

cost to the Corporation

B. General Approach to:thg-Prleem | ;
At this point it.appeared‘as 1f there would be two
primary costs associated with 1ngo% puggies One, the

coat of having ingot bugsies available, aﬁ&,two, the cost

>
o,

of not having Ingot buggz zles available
“,TheycostuofuhavingaingetwbuggieSMavaiiabie‘increases;“““”””‘"”””’

s of*caurse,‘as'thé'numben of ingot buggies available incréases.
. 20N the nﬁhan;bannwvtnﬁ 20BY.@f Wt hawing lugot vuggies gvall-

P et A e R

¢
able decreases as the number of ingot buggles _incresases |

m-ww—' -~ %a—n -
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With no Ingot buggies availlable, the cost of not having
1ngot buggies availlable would be prohibitively high since

the whole plant operation would have to be unut;down. Bun, | i




as the numbér of 1nget buggles available increases, this

eest decreases until a peint 18 reached where there are

" be zero

needed and this cost becomes Zero. However, the cost of
having ingot buggies availlable would probably be relatively
high, and thus, the total cost of ingot buggies would not

of having an ingot buggy avallable to the cost of net
having an ingot’ buggy avallable, The object of thie study
then 1s to determine the number of ingot buggies to have
avallable that will result in the minimum total cost.

To help clarifw-the above discﬁssion, the general cost

curves have been plotted in Figure 4 (Appendix B). Even

though these may not be the exact shapes of the curves,
they do indicate the general approach to the problem

What must now be determined are the exact shapes and

values of these curves, This can be determined by varying the

number of Ingot buggiles that are available. However, to do

this with the ingot buggies themseTVes would be out of the

" question since ‘production would be disrupted and the costs

would be prohibitive. So what 13 needed 18 some other way

€ el vaee e - " R W B o W ek o At b s BRI WA D W&
E o
ERT iy e BT - )

of telling how the costs vary when the numher of bugzices

VIRt aBIe Lg.vepded. Thds“taﬁ'somé%imes be done by con-

structing a mathematical model of the system.
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c. Beciaian to Use Mbnbe carlo Techniques

The possibllity of fitting a mmthematical model te

thevsys%ammwas investigahed “‘chever;“tt ﬁoon became M'

apparent that any usable mathematical model fitted to the

| system would be so complex and unwielding that 1t would be

- difficult to work with, Fo¥ instance, a brief look at the

.operation shculd 1ndicate the commdgxity*nfmthe

RO

_/
B

situation.s

The pouring operation 1s essentially a waiting 11ne

J.problem There 1s the arrival of heats from nine furnaces,

the arrival of ingot buggies to "service" the heat, the
pouring platforme where the heats are serviced, and the
servicing rate of pouring the heat.

The first difficulty in trying to fit a waiting 1line

equation to this operation 1s that there are two different

arrival rates, 1.e., the arrival rate of heats and the |
arrival rate of 1ngot buggles, involved in the same opera-
tion. In addition, these arrival rates are interdependent.
The arrival rate of in_ buggiés 18 dependent upon the

arrival rate of +.e heats, for thiz determines how many

~ ‘Ingot buggles are In use at any glven time. On the other

o

Jhand the arrival rate of heats 1is dependent upon the arrival

L 2
. PO I e = B - -

rate of ingot Yogg’ 8 since no furnaces will he tapped 1f nc

ingol bugztoseyuTo LitWie, ™ severa - -

Tue second .ilfiicv'*v 1s that the number of service
N .

channels does rot rekain_zcnstant. One of the pouring plat-

forms 1s longer than the other two and can accommodate one
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long drag or tws shsrt ones, Thus the nuMber of drags that

can be serviced at any one timm varies from three to four,

. A 4 T e TR A e S

~io This- means) ci ccurse; théﬁ ‘the. number of service channels .

e e e et e i+ o S ’ =

varies

The third difficulty 18 the multiplicity of servieing D

- rates, The servicing rate depends not cnlyfupon the speed - %

e e

. With which the pourimg;gmenaticn.is”acccmplisheéwébut—aisc'- |
upon the minimm metallurgical holding times specified for . ... §

each ingot size and type of steel. Since the Metallurgical
Department has specified five different minimum holding
times, there weuld'bevat least five different servicing rates,
The above example, with two interdependent arrival rates,
a variable number of service channels, and at least five
‘different servicing rates, should indicate ‘the complexity
of any mathematical model that would approximate the pour--
ing operation. In addition, mathematical models for the
rest of the system would have to be determined,
It was soon realized that attempting to fit a workable
mathematical model to the system would be almost impossible
"-Therefore, 1t was decided to use Monte Carlo techniques for
the solution of the problem With the use of these techni-
ques the whole system could be slmilated, The. oumher. of.. ver ow el

. o - <——p

ingot buggles could ther be varled te determine the change

P L - A )

wy . - . . o - . N Py ._"«,..-.~~Qp-'~; L — =
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The next step was collectlon and preparation of the

” . /o :
data needed for a Monte Carlo simulation, ‘
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PREPARATION OF DATA -

“utmost importance, Without data that actually describes

the system'under study, a systems sfudy is of no avail

‘However, obtaining accurate data is often very difficult

YUsually data Just does not exist and

“*'%%emé&%&'ﬁﬂed'inf&‘SYStﬁmB study 1s, of course, of -

e g e smaaid

¢ 8 e

always the question of just what does it mean.

This chaptér describes the preparation of data for
the Monte Carlo simulation and thus, the system study. It
tells from where the data.was accunulated, what assumptions
were made, and what:manipulationé were done with it

The preparation of data was not only an important part

of this study, but also the most time consuming, with about

80% of the total time devoted to the study used for data

'p*eparation

A. Heat Size

The term heat 1s used to refer to a "batch" of steel

made in the open hearth furnace, Heat size, then, refers

_to the weight in tons of one heat. . .

e

‘For purposes of this study, the heat size was defined
te includesall usable=steel that was prodaced, " Tagt is,

1t excludes only slag and any steel wasted 1n pouring, The

Eohd

- o

REYPES:
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period from December 24, 1959, to January 20, 1960, for

#2 I‘urnace which has a capacity of 400 tons. At the time
“.the. data was colleetedy #2 furnace waB the only furnace R

e Py

. with a 400 ton capacity in operation
The data collected was tabulated unto a frequency dis-~
Wtribution (Table I) and an average and standard devia_t_ion

e-e‘leulated (See Appendix ¢).

~__The average and etandariﬂeviatieas were calcuiated
for use in the determination of the number of ingot buggies
required for a drag of ingots. 'l'he orlginal data was used
for this calculation even thoﬁgh 1%¥ would have been much
easler to use the freauency distributi‘on However ,» the

average and standard deviations were calculated before the

frequency distribution had been tabulated,

B. Furnace Tap-to-Tap Time

The term furnace tap-to-tap time '*refer‘s to the time
~ elapsed from the tapping of one heat to the t‘epping of the

next heat 'of' one particular furnace,
Here agaln, the data of‘ #2 furnace was used since it

r-was the only 400 ‘ton f‘urnace in oper.ation when. the data was

-1, " Upon looking at this frequency distribution as well as
R et e BENY o irdesmde Phe appendives, one inay noticé the appar- .
ent nonuniformity in the changs of class intervals., = 5
When the f'requency di stributionq were tabulated uniform |
cell Intarvalz uwers used, bul it was found ohat iy or
the freqguency distributions had quite a number of ‘cell .
intervals with no tally marks. These cell intervals
were omltted fromthe frequency distributions appearing
ln the appendices to 8lmplify the presentation of the 4

& data .
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lcoilectéd This data was also taken from the chronolagical

heat reports maintained by the Open Hearth Division

«wHewever;~since~thiawfﬁrnaﬁéEﬁﬁﬁ“thE Been rebuilt and _" | |

was, 1n essernce, compleuely new, the reported total tap—to~ ,

~tap time was somewhat lower than furnaces which were 1in

S N O A T e N e S 5 bt e L

operation a longer pericd of time. The reason for this is

R
FAT BRI o e | ey

——loose bricks, have to be made to each furmace. The time - %
to make such repairs, called the delay timé;‘waélnaturallﬁm
much shorter for #2 furnace since 1t had just been rebuilt,
The tap-to-tap time of #2 furnace had to be adjusted
to a normal tap;tq-tap time,'Since the tap-to;tap time of
#2 furnace was to be used in the simﬁlation~sthdy for a11; 
nins furnaces, and therefore had to be a normal time. To
" make this adJustment 1t was assumed that the normal delay
time for the 400 ton furnace would be the same as the normal
delay tiﬁe of the 375 ton furnaces.

. ‘-The method used to make this adjuétment was as follows.
From the chronologiecal repbrts, the raw times (eXcludés delay
time) 6f each heat were listed. (See Table II, Appendix D)

- The delay times of the other furnaces were taken from the -
chronological heat reports and also placed on a list and

2 e meama ARnrdP G cb e e e ..nm:” . - S

5 -
assigned numbers from zero to 299 (See Peble IIT). Ther =

Y
Ao P . ren v (R~ -

with the use of = randem number table, a randon number between -

2, Only the number of every tenth delay time has been noted
: in Tabls ILI, nowever,
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zero and 299 was selected, The delay time eorresponding to

this number was converted from minutes to decimal hours and

,'Qadded to theﬂ__ '-;lng-efwraw~%1me~fn T@bie'II’to arrive‘w

' This process was repeated until

a delay time was added to all of the raw times,

These total tap-to-tap times were then converted from

decimal hours. to minutes (Table IT) since 1t was dé&ided~t0~Wﬂ~f - "

,quse thegminwmefesia—-

" mMEYBUrE of time for the simula-

tion study. These total tap-to-tap times were then tabulated
Into a frequency distribution for furnace tap-to-tap time
(Table 1V).

C. Purnace Life and Rebuild Time

The‘term'furnaée 1life refers to the time between re-
bullds, 1.e., when the furnace goee down for extended re-
pairs, and the term rebuild time refers to the time required
to make these repairs, Information on furnace 1ife and re-
build time is necessary to consider furnace downtime 1in a
simulation study.

- U. 8. Steel Corporation had very 1ittle Information
available on both furnace 1life and rebuild time, For fupnaee
| ,life they had data from which an average 11fe could be cal-
culaued (See Appendix E) and for rebyild time thay muetad oo o=
an exerage of eleven days, whilch had been caiculated Just a
few months before the Study was conducted,

Sinee they had no information avallable on the varia-.

on of this data sbout the mean, other Bourees had to he-




ubllized. Frequency distributions for both furnace 1ife

and rebulld time were found in "Applications of Monte Carlo

&hmu”ati“n in a Steel Company," a paper. presented at theww;mwmeémfwmww

American Soclety for Quality Control in New York City,
February 26-27, 1960, by S. Reed Calhoun of Lukens Steel
Company, | ‘

S ety RMESP M ¢ AR WS PIRAIIPR TS W B W ORGP - d&t’)“".

PR

o However, ;ukens‘SteellswaveragesﬁwerEMnat“tﬁésame 58

the averages calculated by U. S. Steel. Ln;en;hSteel's
average for furnace 11fe was 110 days as opposed to U. S.
Steel's calculated average of 128 days and for rebuild
time was 12 days as opposed to 11 days ‘quoted by U S. Steel.
To arrive at frequency distributions-fcr furnace 1life
and rebulld time, two assumptions were made ; (1) the aver-
:‘agesycalculated‘by U. S. Steel for furnace 11fe and rebuild
time were in fact the averages for their furnaces; and (2)
the shape of the frequency distributions would be £he same
as Lukens Steel's d1stributions.
The method of adjusting Lukens Steel's distributf%ns
to. fit the average of U, S. Steel was to shift Lukens Steel's
distributions one cell 1nferva1 In the case 01 furnace o
1life, the distribution was shifted up one cell interval to

glve an average of approximately 128 days (See Table V).

- T B WAl sy Radat s o BN s Bl
T ¥

In the case of rebuild time, the distributien was shifted -
7 d Om Qp,;g eel '! 1 i ﬁt gy &; Lo givg - cﬁq‘éf‘ag_é- of* éﬁpl"ﬂxma n: “tely ST

11 days, which is equal to U, S. Steel's average (See .

Table VII). These adjusted distributions were used as the
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. frequency distributions for furnace life and rebuild time

(Tables VI and VIII).

.WwExenetneugh 4t ha&wbeenﬂdeeiﬁeﬁ”ﬁo use’ the minute as

‘Thls data, which will not be used ver

'Vthe standard measure of time, 1t was decided 1n this case,

however, to keep the discributions in days because of the

cumbersome size of the data 1if it were converted to minutes,

verted to minutes as it 1s‘used.

D. Ingot Sizes Produced

The data of Table IX was taken directly from the "Ingot

~ Tonnage per Month by Mold Size andﬁProduct" report and are

the actual percentage produced in the year 1958

No manipulation of this data was required to get it
in the form it 1s in Table IX. However, for purpoees of
the simulation study, four ingot sizes were eliminated from
the frequency distribution. These ingot sizes, 22 x 4o
BED-OT, 22 x 50 BED-OT, 27 x 34 BED-BT, and 35 x 39 BED-BT,
each were used less than one-half of one percent of the time,

It was delcded to eiiminate these four ingot sizes since 1t

would simplify the systems study while net significantly -
Aaffecting the results. | -

Report of December, 1959 and January, 1960. The holding

time was defined as the time elapsed from the tapping of

N TR I i v o A N TSN - IR st . ) LAt N SR
. . 3 2 Bt ot 2 ERAED . N }
T k. "HOlding Time | i h )
e The EQWAI‘CE Qf ‘!‘h ﬁ—éf%ti Wag the Hsad B e I
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the furnaee to the release of the drag. _
Holding time, as. defined here, 18 dependent not onlyi

eawshe—ei%e—e%~~/

poured 1 e., rimmed, capped, Bemikilled, killed open and
top, and killed hot top. However, since information was
more readily avallable according to ingot size and since,

1t was deciﬂed to_follow ingot sizes through the system,

A YV R PR W o X e

the holding time data was accumuzlated by ingot sizes,

This data was then tabulated into a frequency distri-
bution (See Appendix G). Classes were eetablished every
five minutes with class limits ranging plus or minus two
from the mid-point, e.g., class limits of the cell 1nterva1
with 75 a8 1ts mid-point would have class limits of 73 and
T7. The frequency falling in each class was countedpend

" the probebility of occurrence and cumulative probability

of occurrence were calculated for each class interval,
Differences in length of elapsed time due to differ-

ent types of steel poured were thus considered, even though

this influence cannot be 1solated in the data, This influ-

»ence can be seen though by observing the frequency distri-

butions For example, in the frequency distribution for o

holding time of ingot size 29 x 56 (Table XIV), one can

ot TN Ll L - mm"“-‘ - R S PR S

note two distinct distr1bnt1nng ~ne ceﬂtgriqb abcut 75 ~

- g P

minuites and the «thew sarbas lape & dLeat ML ﬁﬂ'ﬁ'&%ﬁé’sf““We éan-

not tell from the frequency distribution the cause of this,

but 1t 18 neot needed for purposes of our analysis. The
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, important thing is that all causes are considered even if

the oauses cannot be 1solated,

Do e e R 1::“ o e i )

. Transit Tme from Opem Hearth bo Sortpper

This data was also taken from the Heat Transit Report
from the months of December, 1959 and January, 1960, This
frequency‘distribution-(Table XX, Appendix H) 1s of the

IR TN wa” AP DNE.

"R

-

R . > 'u— -

—eTapsed time IToM Telease at the open hearth to the time

delivered at the stripper

1.

a. Stripping'Time

' The source of the original data was from the Heat
Transit Report. This report listed the time the stripping
operation started, the time it was finished and the number
of Ingots stripped. The stripping time (start to finish)
was divided by the‘number of 1ngots ntripped to arrive at
an average stripping.time per ingot. These times per ingot

were then tallied using cell intervals of 0.05 minutes and

" a frequency distribution tabulated,

The 8tripping time, however, is not only dependent upon
the size of the ingot but also upon the type of mold used, |
1.e., Big End Down — Open Top, Big End Down — BottlalTQp, o
and Big End Up — Closed Bottom It was not easvy tq laglats o

s WS B B A PArd el 00 0 tewe

thig cause;_but.than £ wes not necessary to do 8o fbﬁ”puri"

@

FAERE 0T e
frequency distributions.

-r > e m -y
ed®, The euuve, nw%vﬁl,““rs tonsT4eT H 1R the i

Of course, the type of mold used and 1nzot Slze are

not the onily factors 1nf1uencing stripping time Aside from




T1lel, the time requred to move a drag of cars 1nto the

22,

these faetora, the time required to etrip a drag 18 not-

directly dependent upon the number of ingots stripped,

stripper, and the variable time due to the number of ingots

stripped “With the Informaticn available it was not possi-
ble to 1solate this time, but again for the purpose of an

s

AR

i v

overall systems study, 1t wasjnot necessary. o
| Ohe,mayinotice that some of the frequency distributions

include two different ingot sizes, €.8., the frequency dis-

tribution of Table XXII, Appendix I, 1s f&r ingot sizes

23 x 56 and 27 x 46, Individual frequency distributions

were combined when'the-ihdividual distributions were not |
significantly different . The primary réason for attempting
to combine the distributions was that for some ingot sizes
8o few observations were avallable, ¥For example, there were
only six observations available fop ingot size 25 x 80,
Also, looking ahead to a possible computer application, it

would save valuable storage space in the computer. The

* method used to defefmine whether the distributicns were,

inﬁﬂaet, significantiy different was first by observation,
If two distributions looked as if they were not sionifin 1y —

B

different they were then. ahecked By using Theory of“ﬁuns.
. .The specifig method a_e:ee Co -foaffAT &R T
graph 16,4 of A, M. Moods book, Introduction to the Theory

K T

of Statistics, (New York: MCGraw-Hill Company. Inc,: 1950) .

This-method was easy to use and it 1nvolved very few calcu-
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~lations., A Students t test could also have been used but

that would have required the calculation of a standard

me consuming calculation which reallv was o

not required since the Theory of Runs would provide much

the same results. | | D7

@ EN - - . R [ B .- .

H. Transit Time from Stripper to Soaking Eits

The transit time from the stripper to the soaking pits’ |
was taken from the Heat Transit Report. The average time
for January, 1960 was only 5,69 minutes, Since, in relation
to the other times involved 1n the system, this time is so
small s, NO frequency distribution was tabulated for this
time. Rather, the average time of 5.69 minutes was used,

In addition, 1t was assumed that the time required to
move a drag from the soaking plts to the stripper would be
the same as the time required to move a drag from the stripper

to the soaking pits. Therefore, the round-trip time between

the stripper and the soaking pits was assnmed to be 11.4

minutes,

I. Charging Time

Charging time, which 1s the time reqdiredfto'pléce anv
Ingot 4into a soaking pit from a drag of ingot buggies, was
not noted on the Heat Transit Report Alsey no other a2 Jei
dabs was avallibbic lor charging time, Therefore, as then

only possible alternative, the engineering standard of 1,52

minutéshﬁer'ingot was used,
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7. Irransft"riﬁefrsﬁ;strgégérlggqmsld Yard

No infonmation'was readily available for the time re-

gles from the stripper to N

ﬂ”*'ﬁ%ﬁLri#9=4asss€%mismfi§s&€;eﬂsi%fiﬂxgg '

~ the mold yard ‘ Since the mold yard 1s in the same building °
as the open hearths, the distance covered and the tracks

‘used from the stripper to the mold yard are the same as

PRty

time from the stripper to the mold yard was assumed to bhe

mwﬁrom~the open hearth’to the stripperimwmherefore7mtne~transit —

thé same as the transit time from the open hearths to the
stripper. Thus, the frequency distribution of Table XX Wwas
also used for the transit time from the stripper to the mold

yard.

.K; Reconditioning Time
. No actual data was avallable for reconditioning time,
which 18 the time required to coat the molds and clean the
drag before it 1s used for the next heat
The only information available were the estimates of
a foreman in the open hearth and of an industrial engireer,

Even though they were Interviewed separately, their estimates

for reconditioning time were the same, Their estimates'were DR

as follows: The minimum reconditioning time 1is one hour and
therqg§1mummkgnth?§? and one-half houpg. with txup. hours belra-
the most usual time.

With this information to g0 On, a normal curve skewed

to the right was fitted to these parameters, with two hours

taken as the mode of the distribution rather than the aver—




.aée.' The curve was then tabulated into a frequency distri~, n

bution for reconditiening utme (Table XXVIII)

;,;;eleeedwfléz -Ir Number of- Ingot Buggies Indperative‘”“

The source of data for ingot buggies incuerative was -

the Stool Buggy Report of the plsr**s Rolling Divislon ﬁ

The data from this report was grouped according to the feur

primary reasons for an 1ngot buggy to be 1noperative That
(l) 1t is being used to transport stickers, (2) 1t 1s :
being used as a shop buggy, (3) it 18 being used to hold i
cold steel, cr'(h) 1t 1s out for repairs and maintenance,
This data was accumulated by a form of work sampling,
Each morning at eight o'clock, a simultaneous count of the
cars and their use was taken in all areas of the system
The data from each observation was then compiled to form 1
this report, |
| This data 1s thus biased by the fact that the observa-
tions were always'taken at elght o'clos%; ‘If the time of
& observation had been selected randomly, average conditions
- wWould have been more likely observed, However, this was
_uthe only. data-that was- available and It was used to tabu-
late the frequency distrioutions for the four classes of
—inget bugsles lmoperablve s (Pates XXIX thru XXXTI). -
However, this data did not_break down thes 2 categeries - . . B

e

1nto B and C type buggies, Therefore, an assumption had to

&

be made so that the number of buggies inoperative could he o Qg

appertiened between the two types. The assumption was made

o
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ﬁhat they would be appartioned according to the percentage

- of each type available That is, since 83-1/2¢ of the

“type B buggles and 16M1/2% type C_

M. Calculat{ggwfor,Size.of_grggww;m;wwm~

buggies,3 83-1/2% of the number of buggies 1noperative

were assumed to be type B buggies and 16-1/2% type C buggies.

var, St

- The number of ingot buggles needed for each ingot size

was calculated by‘first dividing the maximum heat size by

the average welght of the ingot to find the number of ingots.
The total number of ingots required was then divided by the
number of ingots that can be placed on one ingot buggy to

m»find the number of 1ngot buggies required. To this was

added a trailer car, which 1s an extra ingot buggy used to
carry the traller ingots.

The maximum heat size was taken to be the plus three
slgma 1imit of thg heat 8ize distribution, while the averagé
'1ngot welght was taken from Table XXXIII.a The number of
Ingote that can be placed on a car depends on whether the
ingot requires a B or C type stool (Table XXXIIT). With a
B type snool four ingots can be placed-an one 1ngot Buggy

‘and with a c type, two 1ngots To the calculated number,

- 2he gxtra 1ngot hgey.wsas addad. tc carpy Lke. trgillss ‘uguis -

+ - Thess pgrecndeces wepd” caiéuiated f¥oRM rigures taken from
the Stool Buggy Reports. |

4, These average ingot welghts are average weights as caleu-

| lated by U. S. Steel and were taken from the "Ingot Ton-
nage per Month by Mold Size and Pruducn’ report of the
Steel Producing Division, .
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(See‘Appendix L). 'The results of these calculaticns are

listed in tabular form in Table XXXIV

This method of calculation aiffers from the method

~ stead of only one extra buggy. How

used by U S Steel They:use the average heat size instead
of the maximum and add two extra ingot buggies, one with

regular size molds and the other with trailer 1ngots, in- -

[ —

about the same with the maximum difference being only one
car for the smallest size ingot.

N. Costs of Having Ingot Buggles Available

There are two primary costs associated with having
ingot buggles avallable for use at the plant, They are |
(1) the cost of‘puréhésing the ingot buggles, and (2) the
cost of repairing and maintaining them once purchased.

The purchase price of an 1hgot buggy is $12,000. To
this should be added the cost of shipment, taxes, the cost
of negotiating the purchase, etec, However, these costs were

not readily available and were therefore omitted from the

H analysis,

R

be usable ferkét leasn

To get this cost on a yearly basis, some idea of the
useful life of an 1ngot‘buggy'should be known, When this

Study was conducted, the plant had only been in operation

S < Lo diba B tant S

for approximately six yéérs and no actual data was availl-

Engineering Department estimated that an ingot buggy should

ot

twenty ve

CD

r8. Since no actual dats

was avallable 1t was assumed that this figure was correct, -

"‘"W e oy Rewria gl

uabﬁe-&amih&aa%eﬁu* I8 4 r.dot Suggy. However,‘§he
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Therefere, the cost of purchasing an ingot buggy taken on
a yearly basis is $600 ($12, 000/20 years)

I addition o this raw rigure, bhe Corporation’s B

yearly cost of capital should be added. -For 1nstance, if
the company 1s making 15% on their invested capital, a q
yearly charge of 15% or $90 should be added to the $600 raw | :
_figure, Also, any personal property taxes a —

charges should be added. Since this information was not

disclosed, these additional costs were not added, The
yearly cost of acquisition was thus assumed to be $600,
The repair and maintenance costs for ingot buggies
were taken from the Departmental Cost Reports for a period
of one year and were summarized by month, (See Table XXXv ,
Appendix M), e total monthly costs 1nclude not only direct
labor and direct materials but also all overhead expenses
Included in the overhead were indirect materials, all employee
benefits, . e., socilal security, pensions, insurance, and
Supplementary unemployment benefits, General Headquarter's
expense, and depreciation~and,properti taxes on the repair
. facilities, -
| The predominant type of damage which requires repairs
18 done to an ingot buggy in the pouring operation .Mpiten’w

Mo 4
PREET S IR Y .

steel is accidentally poured in either its noun1 T or 1ts
,,ﬂ,,*,.&uueegei uhuﬂ Se' TRRRTI relee & MuaTEiTE TBar TS, L IUE, - répairs 'f” -
are dependent not upon how many 1lngot buggies are available

- but upen how many times the €y nhave been exposed to the pouring




=operation. Si'nce the number of times they have be‘en‘eicposed

to the pouring operation is in turn dependent upon the number "_

of tons pr"oduced the repairs and thus repair costs should be
dependent also upen the number of tons produced In other
words the repelir cost per ton produced should be a constant

'l‘his cost was calculated by month in Table XXXV and on

a monthly basls 1t does vary. . However, 1t

if this were computed 'on ‘a yearly basis the monthls; varlia-
tions would cancel out the 5epair cost per ton of steel
produced would be more or 1less co__nstan_t; Thus, the tWeliv_el
months' average figure of $0.0534 per ton was taken »to be
the ingot bugéy repair ‘cost per ton of steel produced.

The costs of having ingot buggles available have been
plotted in Figure 5 (Appendix M). This curve consists of
the two primary costs of having ingot buggles avallable,"
i.e., the cost of repalrs and mailntenance and the cost of
aequisition. Since the cost of repairs and maintenance
varies with the amount of steel produced“ and not with the
number of ingot buggies available, it is shown as a constant
or fixed cost in Figure 5. The value of the repair and

| maintenance costs was derived by multiplying the projected

o output of 3,000,000 ingot tons by the average cost of e e e measiat o

soae e o . - “sme .
$G 0534 per ton and 1t amounted to ¢lug-uv0 per year. Tne |

' - S . my o e 2

SN wone- LBt e gTGEI B IO WnleH™ s “a s arliabie cost and depends,

of course,, upon the number of ingot buggies avallable, is

computed at $500 per buggy. | . ——
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Thus the total cost of having an 1ngot buggy available'

15 $600 times the number of 1ngot buggies available plus |

$160,000. In. equaticn form this would be:
e

where TC 1s the total cost and N is the number of 1ngot

buggies avallable,

AiO. Cﬁstwof”ﬁbt*HEViﬁV'Tﬁgot Buggles Avallable

Of course, 1if no ingot bugglies were available the cost

would be prohibitive since no steel could be produced. How-
ever, moving into the range of a practical number of 1ngot
buggles a&ailable, two primary costs are assocliated with not
having ingot bﬁggies available when needed., One 18 the cost
of not having ingot buggles avallable when a furnace 1s
""ready ﬁo be tapped and the other is the cost of not having
buggies avallable when a drag of ihgots is ready toAbe
stripped. |
If a drag of ingot buggles ié not'available when a fur-
~hace 18 ready to be tapped, the steel is kept in the furnace
untll a drag 1s avallable,. However, a heat of Bteel cannot
be kept in the furnace indefinitely and eventually it would
have to be tapped to the ground. Also, there aré some
om0 L8 cim&.&ms&aﬁeeﬁ,"ﬁuch as bIrning”brItk, whebve the ™
‘8teel would have to be removed at once. But assuming normal
'"dBnditions and a practical waiting time, the cost of not
having ingot buggies avallable wheﬁ a fgrnace 18 ready to be

tapped 1s the cost of holding the heat in the furnace.




L 1 88 1n‘pro£1ts.due-te the—less in~prodnction caused”by

the delay.— This cost has been calculated in Appendix N

and is equal to $453 per hour of delay. The costs used | g 7

1n this calculation were obtained from the Open Hearth

;,Diviaion foiee

A v N

v e Qb el

The other cost of not having ingot buggles available-

‘18 the cost incurred when a drag of ingots cannot be

strippedibecause.a drag ef empty'ingot buggles 1is not
avallable to strip on. The stripping mill will do every-.
thing-that 1t can to strip ingots and move them into the
soaking pits as long as there 1s pit roem-available If

a drag of empty ‘ingot buggies is not avallable, the stripping
mill will strip the ingots and place the empty molds on the
ground. The only place on the gzround where they can set

the empty molds is on a railroad track. Since the stripping
mill will only tiewupvone of their-four tracks with empty" ~
molds, only one drag of ingots can be stripped to the

ground . 2 However, it seems very unlikely that more room
”tha'n-. this will be needed since an empty drag will be avail-

able as soon as these ingots are charged

ey o P - A -

v
- - e - - - — -— - - -— - - - - -— -— o L] - - - - - — - -— -— - -

5. In addition, the Stripping mill can place up to 10 molds -
: on the ground off the tracks. However, this 1s not
enough room to strip a whole drag of ingot buggiles.
Alec, this room may be needed to strip some molds to
~the ground when the drag to be stripped has more cars
than the drag on which the empty molds will be placed.
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-Extra-eosts“are incurred by stripping to the ground

because the cranes have to handle the molds - one extra time_

. However, the stripping mill has excess'capaciﬁy, setting

idle part of the day. The most significant stripping ‘cost

1s labor and in.a practical range of operations 18 a fixed-
cost., That is, ‘the men have to be paid whether they are
werking or not, The variable operatimgiaoata,wsueh as

| electricity and more maintenance for the overhead crane,
are insignificant when compared with the labor costs. There-
fore, since there 1s no significant incremental cost involved,
the cost of stripping to the ground was not considered.
If the ingots cannot be stripped at all, two costs are
Incurred. One 1s the cost of possible mill downtime because
‘no 1Ingots of the desired 8lze are available for rolling and
the other is ‘the cost of losing heat to the atmosphere
The cost of mill downtime was not considered because
‘“it Wwas-beyond the Scope of this study. Mill downtime may
be caused by many other things besides a shortage of ingot
buggles. For example, even though the ingot buggles may be
bringing ingots to the soaking pi‘e, they may be the wrong
- 8tze,; the pits- may be filled, or ‘the Boaking pit crane may R W»M‘i
be out of operation - Therefore, to include the cost of mill

* % sup b hiad ane
e -y -

downtime caused by not havina ingot buggiee availeb hen

.~;~~«-neeﬂ“i the simulation tudy would have had to be extended
to 1nclude the soaking pit operation and the operation of

o the rolling mill, Since this was beyond the scope of fhe'.
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; study and since ‘no rule of thumb cost figures,were readily

available, the cost of mill downtime was not considered

ﬁowever, theweost of’losing heat to the atmOSphere'nfw””W:fMWJGMW

. was considered ‘The longer ingots remain in the atmosphere,
the more heat 1s 1ost to the atmosphere and the more heat

18 required to bring them baoy up to rolling temperature in

the BO &ﬁ__,mﬂg, ‘ T

ing pits for each hour delay was calculated. (See Appendix
N). The number of pilt heating hours required for each hour
of delay was taken from a graph supplied by the MEtallurgical
Department The figure for size 32 x 32 ingot was used since
this is the size ingot most frequently used. The cost flgures
were supplied by the Rolling Division Office and includeionly.
. the variable cost of operating the soaking pits That is,
only the true incremental costs and no fixed costs were-
consldered.

The calculated incremental cost of heating an ingot in
the soaking pits was $0.012 per hour of delay. Assuming a
maximum drag size of 64 ingots the cost per drag would amount
to a maximum of only $0.77 per hour, hardly a significant
cost whenicompared"to $453 per hour for:holéingya heat in
the furnace. Thus, the most significant cost.of not'having'

W ~gr otn

ingot buggies available when needed i8 the cost of holding

—~ . — - w '

a heat in & furnace,

». R S o




SOLUTION OF THE PROBLEM

: 6nce~the data was coIIecEed it ‘was realized that
doing a simulation of the system by hand would take a pro-
| hibitive amount of time, Therefore, it wag declded ﬁo use
_the LGP-30, an electronic computer available 1n the Indua-
L trial Engineering“Deo. ment_at ILehigh Uaiversi ", '-*‘ ;e“

- Degause there g _no BOUTRNE paatloen awaifanie. Blnce We

Bimulation of the system. The next step then was programming

the problem for the computer, 7

A. Assumptions

Before the problem could be programmed, additional
aesumptions1 had to be made and decision rules defined.

First, let us review the assumptions made in defining
the problem, They were (1) that plant eapacity was equal‘
to 3,000,000 ingot tons per year, and (2) that the present

methods were, 1n fact, correct. It was seen at this time

that an additional assumption had to be made. Since the

obJect of the study i8. to measure the-effect or' ingot bhuggiles

on»the system, the rest of the system was-assumed to have
unlimited capacity. For instance, heats - may not be poured

‘not only because no ingot buggies are avallable but also

l. "We are now concerned with the basic and logieal assump~
ticn underlying the solution of the problem itself and
are now concerned with the assumptions concerning the
preparatlion of data which Wwere explained in the previous

~ chapter, )

e st K b .
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are studying the effect of ingot buggies and not the effect .
of a limited number of pouring platforms s 11: mist be assumed
",_ﬁna:t; there 1s always a pottring platform avallable when one
18 needed., Therefore the assumpt 1on of unlimited capacity
had to be assufied for the- Test of the system, 1, e., pouring
platforms, soaking pit capacity, locomotives s reconditioning

..vocapacity, track- capaclty, etec, 'Ehis may appear as if g lot |

| has been assumed, but one mist remember that the effect of
ingot buggles 1is belng studied and not the effect of these
auxillary parts of the system. |

The above assumption is a basic assumption upon which
the solution of the whole problem rests. Tt s8hould have
been made when the @pr‘oblem was _def_ined but 1t was Anot. -re}alized
that 1t had to be made until the programming of the problem
was begun. Following are assumptions which are. not basic to
the sclution of the problem 1tself but which were made 80 ¢
that the data- could be manipulated by the computer.

EKach furnace was glven two clocks, One clock to keep
track of the time when a furnace 18 to be tapped and the
other clock, the time when a furnace will go down for re- |
"bunding. In addition, a clock 18 used to record ’she numAberM
of days elapsed These clocks, of course, are not actual

o

CLuBKkB8, DUt rdther stdrage” locatidhs 1n “the computer

-
]

Tt was sssumed that thare would be two pouls " (similar -

ﬁo-motor pools) for ingot buggles. One 18 at the open

hearth, and 1s called the open hearth pool, and the other
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18 at the stripper, and is called the stripper pool.  In
additien to these pools, two waiting lists are maintained

‘nace is ready to be tapped and no buggips are available,
+he furnace 1s placed on this 1ist and given-top‘priority

for the next cars arriving. The other list (actually twe

-ene"is"a 1iBﬁ or'furnaces waiting to be tappe& Ifda fnrm»_mm. |

~I18t® - one for each +vpsmeiminge%—buggy)“is“afiist“*f“arags

‘walting to be stripped., If a drag arrives at the stripper
and cannot be stripped, it 1s put on this 1ist and given
top priority for stripping. |
'Anothen/éssumption‘made was that the number'of ingot
buggies inoperative would be adJu8£ed only ohce a day -
l.e., at the start of each day. However, there was really
no choice in this matter since data was avallable only on
a dally basis,
The rest of the assumptions were made primarily in the
defining of decision rules used. Most of the-deciéion.rﬁies
were already ciearly defined 1in the actual system, but some

were nebulous and had to be more clearly defined, and thus

assumptions made. Expliclt definition of all decision rules . §

_ia.mandatory for computer ap iication since the computer has
no intuitive Judgment, Instead of listing these decision

rules separateily, t they will be ineorporated infa fha

-1"~--_—-----—————--_—-—-—------

-2, There are actually four pools instead of two, Eaeh pool
is subdivided into two pools - one feor each type of 1ingot

buggy.

-3
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discussion of the flow chart since many were made concurs

rently with 1ts design Also, 1t 1s hoped that such a

'*rpresentation will be more meaningfvi to the reader ;;L;L;mmlii;wﬁwsws

B. Programming the Problem | -
Flow charting was the first step in programming the

problem;- Thz general flow charts, Mhioh are really diagrams

of the logical steps to be performed are included in
Appendix O. These flow charts stress the logic of the pro-
grams and not the arithmetical manipulations, The flow |
charts show two groups of decisione that the computer must
make. One group starts with the Selectlion of the smallest
¢lock and the other with the "arrival of the drag at the
stripper." |
The first group of decisions starts with the selection
- of the Smallest clock., After the smailest clock 1is Selected,
1t 18 determined what kind of clock it 1s. If it 18 a
"rebuild" clock, thi time has come whan a furnace will go
“down for rebuilding. The time required to rebuild the fur-
nace 18 determined and the furnace 1s takén-out of operation
,‘fcr.thatﬁiéngtﬁﬁoﬁwtime ~The - rebuild clock is then reset
to the time the furnace will next g0 down for repairs
- . If fhg smeslsst.slc*gu 2 a heat elocik; 1t B3t be deter-
fmined whether or not a day has gone by. 1If it is the end of
a day, the next decision to be made 1s whether or not it is

| the end of the period; for eéxample, a month, If it 18 the

end of the»peried,'the‘results ef‘the Binmlatien are printed
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fout_and the cemputer;stops. If i1t 18 the end of a day and

|+ the period has not expired, the number of ingot buggles in-

™

__buggies no longer in use inta the npeglhea?gh_peoilimTL

‘operative 1s adjusted, the day clock 18 updated, and the

computer returns to again select the smallest clock.
- If the smallest clock is a heat clock and it is not
yet the end of a day, the. first step 18 to replace the ingot 