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s UMMAERY

In the study and comparison of the three processes (conventioaal
casting - small 1ngot, conveiitional casting - lurge 1ugot, continuous
castir g). there arc a number i technical and economic tactors which
influence decisions. Based on the cxporience of Kobe Steel ltd, the
three processes are compared in the paper on the basis of eight funda-
mental parameters : production scale, type and quality of prodict,
materials yield and balance, investaent and energy requiremeuts, opera-
ting costs, manning, techrical requirements in supporting sectors, and
amanagement and control requiremonts.

These factors are not independent but closely inter-related. The
following are the main criteria governing the choice of process :

A.

B.

Ce.

D.

E.

On the basis of the tyre and quality of product 1n relation
0 market conditions and the investment and engineering
Tequired, the processes can be recommended in the following
ranking order :

1. Small ingot process; 2. continuows casting plus small
ingot practice; 3. large ingot process; 4. large ingot process
plus continuous casting.

The proces:es should be selected on ‘he basis of available
data relating to materials, manning, geographical considera-
tions, energy sources, and the degree of development of
product consumer industries.

After due consideration of the two conditions above, the
choice should be further conditioned by whether it is proposed
to build a new works or to expand an exigsting works.

It is necessary for a new iron and steel making enterprise to
pass through a number of successive development stages before
it can be considered fully prepared to enter into competition
with long-established large-scale iron and steel enterpriges,

Even if there 1s some imbalance between the various factors
enumerated above, it ic conceivable that the national economic
interect may override purely technical considerations. It is
therefore essential to take into account when selecting a process
the national growth pattern and demands.

B s,




Introduction

In this paper, thrce methods of steel casting - conventional
small ingot practice, conventional large ingot practice, and conti-
nuwous casting - arc compared and their economic and techni cal advartages
and disadvantages are explainaed and discussed,

There are a numoer of divergent viewpoints on the relative merits
of these three methods of castiing, because any comparison of them mugt
neoessarily involve the evaluation of many inter-related factors.

In this paper, uhe following factors are reviewed ir the light of
our experience :

- Production scale

Type and quality of product

~ Materials yield and balance

- Investment and energy requirements

-~ Operating costs

-~ Manning problems

-~ Technical requirements in supporting sectors
- Management and control requirements,

All these factors are closely connected. There are also other
factors which influence the problems under review, such as market con-
ditions, transportation, inventory and maintenance of equipment, etc.

. Production Scale

Each of the three methods is technically and economically feasible
within a certain production range, taking into account ingot weight,
dimengions of cast billets, steel furnace capacities, ..umber of furnaces
and strands, etc.

Figure 1 shows the relationships between the capacities and the heat
tonnages under various conditions.

The small ingot process ig subject to a sestriction cauged by the
relationship between ingot weight, number of ingots per heat, and operating
cyole (teeming, stripping, mould preparation). Although ingot weight is
fixed by the specification of the rolling mill to which the ingots are
supplied, the maximum number of ingots may be estimated as follows :

Up to 300 kg ingotse About 200 ingots/heat maximum
300-600 kg ingots "100 v /ow "
Over 600 kg ingots 50-60 ingots/heat.

If these limits are measured in terms of furnace capacity (tons/heat)
50-60 tons/heat is a suitable limit for the application of this process.
Furthermore, taking into aocount the tap-to-tap cycle of the furnaces (or
number of heats per day) and the series of operations at the casting pit,
the maximum feasible operating cycle is 3-4 heats/day.  If higher capaci~-
ties are needed, the number of pits must be increased or track-teeming muat
be used.

The use of large ingots involves increase of capacities and the
adoption of mags production, In this method the number of ingote per
heat is not higher than 30, However, the use of track-teeming and
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Pig. 2 -~ Limits of production capacity for the three processes
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mould prepuration can provide avourable conditiong {or sreater number
of' heaty to be cust per diay.

barge aneot caeting fooiiibios are usuaily ol lowed by blooming
milis with capacitics of over 1 owmiilion tons/year.  ®ul utilization of
the blooming mill capacy ty 10 anodmporlant fuctor in the overall economies
of gcale.

It 1y considered cosential What the manimum capacily of a blooming
. . / . . . .
mill choula be rot less than C.5 million tous/year with a utilization
ate of over GO,

The number of sirands in a contnuous casting machine is calculated
in such a way ao to permit cagtirg of one ladle of molten steel within
50-6G min,  Nowadays, the maximun number of s8trands on bloom and billet
tasting machines has reached eight. Depending on specific local condi-
tions, this number may be four or six.

The congumpiion of molten steel (t/min per strand) is determined by
the average withdrawal speed and by the size of the cast section. As
shown in Fig, 1, when 100 mm2 bLillets are cast, a six-strand casting
machine is used and the Turmace capacity is 70 t/heat. Furthermore, with
the application of so-called in-1ine reduction, which has been adopted
recenlly, the production rate 1s expected to increase, especially with
small-gection hillet continuoug caslimr.  As shown by the dotted line in
Fig, %, il is now possible tu produce O tons/heat of billets of about
80 mm“ cross—peclion on o s1X-otrand cortinuous caster with in-line
reduction,

On the other hand, the number of heuts per machine can be raised to
400=500 huuts/mo"th by means of sequence (continuous-continuoue) casting
and by mwatching control of the caster with the furnace tapping cycle.
The equipment Capucity can be increased still further, as required, by
installing multiple machines, to suit the production cycle.

With these conpiderations in minid, the limits of production capacity
for these tiree proceuses i1g shown i Fige 2,

Type and Quality ot Product

In the steel productiovn line, the tirsi technolozical process which
ini'luences the quality of tnc product is the solidification stage of
mo) ten cteel and the second is the reduction ratio from cast ingot to
finiul product.

For each o' llic three methods under consideration, the solidification
mechanism 1s ditterent.

Table 1 shows the suitability of these methods for the production
of bars, sections, and wire rod., This classification is related to the
high level of control and technology required in markets where the maxi-
mum quality level is demunded by customers. 1t may not be applicable
in other eountries of the world.

In the cuse of smull ingot carting, the number of ingot moulds per
heat 1 large. The process of solidification of molten steel iw short
ald the appearance of shrinkage cavitly is unavoidable. The application
of hot-tops for all inpotls is dit'f'icult, especially when larger tonnages
of steel are to be produced by thia technique. small ingots of killed
and semi-killed sieel are noermally capplied to reinforcing or general
structural bar mills. Such ingots are not usually rolled to wire rod
in industrialized countries. Fhven for prodection of reirforcing bars,
the press=joint method has rocen tly become more popular., Customers are
nowadays reluctant to accept rolled products manufactured from small
ingots, in view of the quality of these products, which tends to be lower.
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Table 1 Applicatility of the ‘hY“““VUYQE?ﬁfE“EQ«Q}t?ﬁ??ﬂpwﬁﬁpgﬁ_Ei

gteo! product

e S el L

small ingot, Large wnpot, Continuous
dircet rolling biouming casting and
. breakdown
Reinforcing har Yes (1) Yes (1) Yes (1)
General sirvctural bar oy
and section Yes (4) Yes (1) Yes (1)
lLow=carbon wire rod Yen (2 Yes (1) Yes (1)
High-carbon wire rod Yen (2 Yes (1) Yes (1)
Cold~drawing quality Doubttul Yes (3) Yec (4)
Cold-heading quality Impogsaible Yes (5) Yes (4,5)
Mechanical structural e 1 . ‘
carbon steel Difficuld Yes (5) Yes (4,5)
Low-alloy steel Impossible Yea (5) Doubtful
High-alloy and e
Stainless steel Impossible Yes (3) Doubtful

Notes (lz Easi1ly applicable
Unly applicable for low quality level
(3) Surfuce conditioning required
(4) Over 150 mm square bloom recommended; surface conditioning
required
(5) Surface conditioning and guaranteed internal quality required.

Steel products manufactured from large ingots are preferable. The
amount of steel cast in lurge ingos is far greater than that cast using
other methods. The techniques of large ingot casting and their further
treatment are so well developed Lhat almost all the required qualities of
steel product can be produced. Various technologies are in commercial
operation : open rimmed ingois, capped rimmed ingots, semi~ and fully
killed hot-topped ingots, top or bottom pouring, hot scarfing, etc.

In accordance with the requirements of customers for higher steel
quality, the manufacturers apply surface conditioning of billets and
final products ac well as more strict technical and management control.

It has been found to be difficultl and ureconomic to detect defects in
cast billets and treat them f'urther to eliminate these defects. In the
case of continuously cast billets smaller than 120 mm? in gection, the
intermittent occurrence of shrinkage cavities and gegregation in the axial
zone is unavoidable. However, this quality problem &t the press-joined
part of reinforcing bar, resulting from use of the swall ingot method, can
be avoided by using continuous casting.,

On the other hard, continucusly cast blooms with cross-sections larger
than 150 mm are suitable for cold-rolled and structural steels, subject
to proper control of the techrnological factors, The maximum size of
continuously cast blooms is 300-350 mm2. Since the reduction ratio for
manufacturing high-grade steel iz of the order of 15-20 : 1, the maximum

product size would be 40-60 mm dia.
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Large ingot blooming process

Ingol_miing. Inspect il
Operation ‘J\-:WTyp:‘ of ingot Surface conditioning
technique—my ality reject

Incot/molter: steel ] Good billet/as rolled billet

‘L........Q_:'.Qc‘lflg.. — 100 -X %
e 3 = 74 =91 %
Fsralied Gillet fmgot Total yield
Soakin 7-92°h ] Good billet /
Scale loss gyre Hot scarfing molten steel)
Track timé 7 =<~—Type cf ingot
Saaking and. blooming

Small ingot process

I . Josnect .
?gcﬁtjﬂ; Casting system f
Ingot /Tolteg steel Foodui;tgot/ as cast ingot

- )
Continuous casting process Total yield

, Good inqot
¢ billet rroiten cee)

Surface conditioning
ality reject

As cast billet/ mdten - .
90 ~gg g Steel | JGood bilet fas cast billet

I "'94"'99 °,o |
as bresk down billet 7 as Total yield

lcast billet 92-36 % (Good billet /
Crop foss Scale loss ~ Moltensteel)
Scarfing

Break-down ralling *

Fig. 3 - Factors affecting yieid of the three processes
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Investment and bnergy Regii:emenio

The relationsnip between i twvegtments roguiped ny e th. ee
Processes under covsiderut;on ard the production shaprcity ia rhown qunlj-
tatively in Fig, 5, From the viowpoint o scale of production, ‘he
srall Dot procecs hag limitaticns, but the treestment 35 far smnller
thar Cop the other two pros BEEE, A peneral legs thn 3. For o Ligher
capacity the 1ncreuse in inveisi ent ig lower what with the other two
Drocesges,

Comparisor between the larye ingot bloomivg proces: and centinuous
casting is more difficult. The capacity of the continuous custing machine
is influenced by the method of estimating the actual operating ratio,

There are wide fluctuationg in invertment, resulting rrom the different
degree o subsidiary equipment included in the plunt Morcover, in gome
actual cases, parts of the exirtine cqaipment are put 1o use for the new
Process, which makes comparison ¢f these two procesces on the same toeme
even more difficult,

According to rough estimates, whea the annual capacity in tess than
T00-600, 100 hons, lhe capital cosilg of the blooming process will be Ligher
thar those for continuous caating. On the otrer nand, the blooming
Process with a larier capacity oflers cons.deravle advantagse i terms Hf
8cule and will be mere eccromical than Gontinuous cacting, However,
according to reocent developiner by gn vaiue snalys. o, conbipuonus Castinge
equirtent will progressively cost less andg less, and o e el e
ad antages of continuous castans will improve.

P A ccatinuons cagter SO vombiued wilh RO steolmakine, whion hae
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Average number of series-cast heats

FPig. 4 - Relationship between average number of requence-cast
(series—cast) heate and yield in continuous casting
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advantages 1n ;te Lap=to-tup cyele, aid 1f it Lyout s efficiently
designed, 40U=500 hnats/muv‘h Ty e anteipated, Far g larger pro-
ductiod than this, ‘the nuruery o machines must be ircreased,

In twe cleondng proncegs i treater rellirg migl “anac1ty can he
instalied by having twe tluomiug ataris corbined wWith tre biilet mill,
The capacity or cGlimant for vver O milijor tons”ﬁeal‘is usually
cdecided by ti. heat.ng oy Soaking capaci ty inetallad, It is therefore
useful to design the inttias 1vrtallation with adequate rolling capacity,
whick can be balanced Ly adding more FPaking prii at a later date.,

It 15 rather ditficnlt Lo estipate investment costg without specifying
E€O0graphical condi tionsg, luyorus, produet range, etc, In addition,
tariffa, economie policies, loo .1 materiala cosis, the heavy industry
market, freight and labour costs, etc. VAry irom country to country.

These three brocesses have grencific “Casumptions of energy (electric
power, fuel, water, etc.;. Whe: & plart 35 beidz built in a new region
or when g jor EXpansion ir being carried out to an ex:isting installation,
the amount of SMCTEY Tequired is an important Factor in deciding which
process 1s to be adopted. Table 2 ghows tle ernergy requirements for
each process.

Table 2 Energy requirements for blooming mill and continuous casting

"\”““
r_* Blooming mill Continuous casting
B T T e S —
Electric power
Max. capacity required 0.094 kih/t per 0,048 kwh/t per
menth month
Mean capacity required 0.054 kWh/t per 0.010-0.025 kWh/t
month per month
Consumption 35-55 kWh/t 10-30 kWh/t
Water
Capacity required } 4=7 m3/t per h 12-18 m3/t per h

Operating Costg

The comparison or operating costa for these processes pogeg the
following probleme :

8. Consumption of material varies according tc ladle capacity, ingot
Bige, ingot type, billet g8ize, etc,

b. There are some operating coste which vary according to the
product cycle and condiLions.,

¢. The price of matorials consumed varies according to their
specifica*ion and the market conditions.

d. There aome Ltems, fuch agm labour, traraportation, and maintenanoe
coets, which can be corsidered as eiiher fixed op variable costs.

The rough value of running costs per inzot ton using each process in
Japan and the main consumption figures are shown in Tahle 3. The running
costs of continuous casting are the lowes*, the smail ingot procees comes
next, and the large 1,701 blocming preeess g tie mos ! expersive.

However, since, for example, local prices prevailing for copper moulds
for continuous casting and for bilooming mill rolls vary considerably from
place to place, a strict comparison of es'ima‘ed running costr is very
difficult if actual cuets are not <mown.
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Investment ——e

1,000 2000

. X1000 %y
Annual production capacity

Fig. 5 - Relatiouship betweer. invostment costs and
production capacity for the three procecses
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Table ari: of operatin Sts for ! oces

Fable 3 pomga11ggy_gt‘gg@r341rg Cosbs for [ﬁeAthregkpgoceuses
rrz"%:;z:‘m.z;:q-“:. R CeL B L A _k . :.:-: i e Wriimserastion|
5rall 1ngut process < — #2555 per ton
I

’[— Bricke ang refractorien 7.0=10.1 kgt
f: Mculds and pligtes Ha9=1504 ke, 't

TOERT I e oo TR T ximow e T = =T

I e e e -.‘;._‘.,::.,r_;t;rrz:':zzam
Large 1ngo1 blooming process

T e

$6.6-10.1 per ton

| Ingot manufactyre - - 84.7-6.8 per ton

[ Bricks and refractoriag T T Te2-15.0 /e T e
’ Moulds and plates Bed-1 .6 ky/t
|  Blooming provess < 7T 8.1-3.7 per ingot ton |
, ~H;€;v;,“fu~e]: ._o_i l.‘- ——— e ;()_46 1/{ e L R
I Rolls 0.4-0.7 kgt
i Electric pewer 35=HT ki*h/4
( Continuou;k:::izgé processg . _M.k-$3.0-4.8 per ton
: Bricks and refractories T 5.0-18.0 kg T T

1 Moulds 70-500 heats,/mould
; L_ T St ol ST e EmTm Tw*?w‘“'*:mm‘;:&b“:?w

Marning Problems

Marning requirements should be calcnlated taking into account
the fatigue factor and adequate ratings on the hasis of standard work time,
The comparison of manning for the precesses kresents the following problens :

8. What are the furrace capacity, ingot weight, and billet 8ize
in the large ingot blooming vrocess ?

% b.  What is the degree or auvtcmation ?
‘ c. What 1s the layout of the instaliation ©
d. How many shijrtg and crews are +o be working ?

e, What degree of indirect labour is recuired for the process

i.e. maintenance, lining, tranaportation, surface conditione
ing' etc-) ?

The estimated manning requirements for each of the processes (with
some appropriate assumptions ) are shown in Fig. 6. It will be seen that
the small ingot process is labour-intensive, requiring more employees per
ton of production and increasing markedly as the output riges.

The continuous casting of 8quare-section productg has a productjon
limit per machine of 500600, 000 tons.  Even under the best conditiona

of Capacity utilizatlon, with multiple-strand Operation, when thig limit

Technical Requiremer, tg in SLEpOorting Sectore

Basically, the iron ang steel industiry ig a large-scale one, However,

the scale of Froduction ig sub ject 1o restrictiong impored by product demand,
technical leve] of personnel, and other facters,
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Good economic results cannot he obtained solely through the
theoretical knowledge of o bar il of enineers, It 5o eseential that
all the personnel should venoh a nigh technical luves o competence.

The comparisen of tie three procasses in terrsg of the techrical level
required by the rersuonel 1e sbow:: in Table A woth large ingot tlooming
and continucus casting raquire workers with o« hugher level of kr.owledge
than the small ing+ procesisy and *‘hey also need nore supportinge trades
with a high lovel ¢* engincering expertise, The continuous casting
process demands judament and decigron-making on the part orf itas operators
and thereby a higher degree of train -ng and basic knowiedge thar the small
ingot process.

Table 4 Comgari_.sgﬁ_gf_}ggg[lg_d_g_e__qng‘gg‘r;”h{gi{;glv #kills required

T e e i 4 e L s+ e o e+ e . e o [B——

Small ingot Large ingot Continuous
process blooming casting
procegs 1
Basic process requirements | |
Metallurgy
Machinery c A A
Electricity c A B
Inr::i;:z;ed decision- c B A
- Supporving industries o
Refractories c A A
Heavy cast or forgod _ A c
rolls
Cast-~iron moulds c A -
Copper moulds - - A
Hydraulios - C B
Heavy elecirics - B c
¥achinery c A B
Puel and gas B A
Kgasurement and c B A
instrumentation

Notes : A = High level required
B = Moderate level required
C = Low level adequate

Mgmont and Control Requiremante

The level of management and control personnel required in the iron
and steel industry does not depend upon the tornage output but on the
degree of sophistication in the products manufactured. The simpler the
process, the easier is the task of managemert and control personnel,

In the case of cortinuous casting, in order to produce several types
of steel using sequence casting ani to raintair. a good production ratio, a
comprehensive management and control is required throughout the process
cycle and at at all levels. The same applies to large ingot camting,
especially for aspecial rteel production.
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Small ingot causting is usually restricted to lower grades of steel
and to a limited product range, and so the requirements for management !
and control perscnnel are less high.

Summary
1t is difficult Lo summarize all the considerations that come 1into
play in the three procecses. An attempt has, nevertheless, been made to

do so graphically in Fig. 7. This diagram is explained below.

(1) The small ingodi process

This process 1s suited to small-scale production : furnace
capacities of 50-60 tons/heat and an annual output of 500,000 tons
are appropriate limits for the application of 1ihis process. The
investment required is far lower than in the other processes and
the yield is high, irrespective of the quality level; the running
costs are not high. This process has economic advantages in certain
conditions.

On the other hand, the product rauge is mainly resiricted to
low-grade steel reinforcing bars and the productivity per employee
is the lowest of all the three processes. It is lahour-intensive
and *he knowledge and ckill required are usually not high.

There is little potential for fulure increase in output, auto-
mation, quality improvement, or prodict expansion. This process can
only be used for the production of low-grade reinforcing bar for the
local market, and will be most useful wher used as a transitional
procese during expansion, either used jointly with continuous casting
or as a standby.

(2) The continuous casting process

The maximum production capacity i1s of the order of 400-500
heats/month per machine, usirg sequence casiing; as many machines oan
be installed as are needed for the ccale of produciion required.
However, for production capacities exceeding 1 million tons, the
investiment cosis are relatively higher than those for the large
ingot blooming process.

The range of prolucts is wider than that of the small ingot
process; when high-grade steel is %o be produced by this process,
gurface conditioning by means of breakdown rolling is advisable.

The yield and running costs influenced by the degree of
nequence casting used and the mairtenarce of a high operating ratio
by close mutching with the tapping cycles of the steelmaking furnaces.
This process is more economical than the large ingoi tlooming process.

(3) The large inpot bluoming process

This process, as might be expected, can offer favourable
economies nf scale with capacities in excess of 500,000 tons/year.
It can also be used for the production of all types of steel product,

However, sincce the yield and running cosis are less favourable
than in either of the other processes, it is desirable to include in
the procuct range high-grade steels and steels with higher added
values. In addition, 1t is imporiant to have adequate transportation
facilities, inventory control, and supporting indusiries (roll supply,
maintenance, etc.), a stable clectricity power supply, and a highly
industrialized social bage.

This sumnary 1o based on tecknical and economic considerations alone.
However, the selection uf the procesc shoula aleo be based on the following
background and social factors :
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Production
scale

Applicable Large ingot-blooming Process

kind of Investment

Running
cost

Continuous

Number of casting process

employees

Managent
an
control level

Pig. T - Characieristics of the three processee




,\0

B.

C.

E.

In accordance with the e poe oo nrecision recuired in terms
of type and ualily «f product based on asiured market
demand; and also i drerec o dreinrertag, and the investment
likely to be 1reurres developing future new markets,

the procersog are recormended in the tollowing order

le Small irgot procecs

ie Continuoig ~ace g owr . hogsmall ingol process
iii. lLarge ingot tlooming process

We  large ango! wlooming with continuons cagling .,

However, in tho selection process, the toliowing factoras must
be taker into account : tne materiale supply balance, labour
factors, geographicat ciroums tarces, energy sources, the
developmert of allied ateel-consuming industries, etc.

The basis for selecting one of these processes ulsc depends on
whetler a new works is .o be built or whether an existing worka
is being extended, duc “ongideration beirng: at the same time
paid to conditions A. and B, above.

Whatever casting procens ig selected, stage-wise construciion
is always preferable, since thig enavleu experience and knowledge
to be built up progressively,

Bven 1f all tho points ¢numeratec above are favourable, there

are other criteria that must still be taker into coneideration,
notably the degree of development in supporting and consumer ind-
ustries and government policy regarding the development of the
iron and steel industry iiself.







