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SUMMARY

The vosbination of electric arc furnace and continuous casting
machine is now acknowledged to be a typical pattern for steel-making
in steel plants which prodwce stecl bar, wire rod, and small sections
with produotioh capacities not exceeding 500,000 tons per year,

This paper attempis to expiain the situation of the continmous
casting process as applied in the small-scale plants from the economic
and technical viewponints,

Before the continwcus casting process was applied in practice, it
was generally held that bottom-poured round ingots were the cheapest
esni-finished steel predwots. However, since continuous casting was
introduced, it has been acknowledged that oast billets are cheaper than
ingote by 886 yen/t and that working comditions are improved, although
the machine is rather complicated and requires skilful opsrators whe
have been trained for a long period. There is still a danger of inter-
ruptions to operations resulting from improper operating practices.

In order to increase yield and productivity and to reduce prodwetion
oests, the application of in-line reduction mille, automatic operation
of the casting machine, high-speed casting, and sequence casting should
be conaidered,

Amether problem to be inveotigated in the future is the improvemeat
of the steel-making process, bearing in mind that price of scrap, which
oonstitutes ame-third of the vrodwction costs, is always varisble.




INTRODUCTION

The economic production of steel has always besn one of the most
important questions for steel plants and it is becoming increasingly
urgent at the present time. Some companies attempt to construct large-
soale integrated steelworks, seeking the cost reduction of fered by
mass production, whilst others select the so—called "mini steel plant”,
which derives local advantages in terms of the transpertation of products
and rav materials, Thers have been Bany papers published, covering the
sconomic and technological analysis of the mini steel plant, Taking
these theorstical analyses into account, this paper tries to establish
the productivity and produwotion cost of the continwous casting process
based ‘on owr own experience and on data furnished by the users of
contimwous ensting machines in Japan, since this process has a great
influence on the cost of steel-making in mini eteel plants,
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THE PRESENT STATUS OF CONTINUOUL CASTING

1.
l.1

1.2

Comparigon of continuousx casting with bot tom—-poured ingot casting,
Product quality

There is no substantial difference betwoen continuously cast billets
and bottom-poured ingots, since both have as-cas® structures, The
continuously cast billet has a typical macrostructure with a thin
chilled structure with, 3 - 5 mm under the skin, a dendrite structure
growing toward the centre of billet and centre porosity. This
pattern is cauwsed by the intensive cooling in the mould and spray
sone that is a characteristic of the continuous casting process.
Since this typical structure is more marked in smaller billets,
continuously cagt billets were largely unacceptable for rolling

into small bars etc. until optimum reduction ratio for such mtruc-—
tures had been investigated,

Before the continuous caating process was in practical operation,

it was said that bottom-poured round ingots for rolling into wire
rod or small sections in a roughing mill and finishing mill were

the cheapest semi-finished product, and bottom pouring was the

moat common process in the melting shops of small-scale steel plants,

N e i

However, the comtinuous casting machine is nowadays acknowledged to
be a more econcmical way of producing billets than botiom pouring.
A brief qémrarison of the two processes and a study of oxisting
continuous :asting machines are reported in the present paper,
Steel-making process,
There is a slight difference in the steel-making process, depending
on whether the cteel is to be supplied to a conlinuous casting
machine or to a bottom~pouring system, i.e., l
(1) The tappiné"tpmperature for steel to he supplied to the
continuous casting machine 18 about 50 = 70° higher than that

for bottom pouring, since there is a heat loss in the tundish
located Letween the ladle and the movld, and mo a slightly
longe> refining time is necessary,

The steel-making coet is thus increased by 3 - 4%,
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(2) 1In order to minimize the detrimentai ef fect of sulphur in

(3)

(4)

(s)

the continuously cast billet, which is sensitive to cracking
while being cooled, and o minimize heat loss from the top
after tapping, excess liceetone to maintain a high basiocity
is usually charged to the furnace, resulting in additional
expense, Since sulphur has a strong affinity with manganese
to form MnS, the ratio of manganese to sulphur in continuously
cast gteel is relatively high compared with ateel for bottom~
pouring,

The cost of making £lag for continuously cest steel is

8-10% higher,

Alwminium added to steel to control grain sise and to deoxide
it is liable to clog the tundish nozsie, The amount of

aluminiue charged in the continuously cast steel is kept as

low as possible, to avoid dogging of the noszle,

Since the casting time for continuous casting is longer than

that for bottom-pouring, a higher grade of refractory material
must be used for the stopper head and sleeves. Longer casting
time aleo causen erosion of the refractories at the slag line,
The cost of ladle refractories for continuous casting is 2-5
times that for ingot cast ng.

Bottom-poured ingot casting alwayn restricts the steel volume
that can bde tapoed from the furnace, cince the number of ingot
moulds in the casting pit determinenthe product capacity,

On the other hand, the continmuous casting machine can accept
extra steel from ‘he furnace and empty the full ladle,

1¢3 TYield

(1)

(2)

Yield of bottom-pouring ingot casting

T™he principal loss in this process comes from the runner,
peuring gate, and hot top and it is entimated at 2,7 - 2,8%

in the case of casting 120 ~ 140 um 8. ingotis.

Yield of continuous cauting

The crop and tail lome and the Bcale loss in the s0oling some
are inevitable, In addition to these losses, the statistically
estimated loss hac to b congidered,
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Breakouts, over-casts, and tundish nozalc blockages are
the main factors that interrupt the cmting opention and
influence the yield,

1)

2)

The inevitable loss can be detailed as followss

(a) Crop and tail loss: 1 ~2¢8
(v) Soale loss in spray-cooling sones 0.3~0, 4%
(e) Scale loss in airecooling sonet 0.4-0,5%

The statistical loss can be calculated as followss:

The probability of operational dinturbance im certain
works is quoted in Table 3,

In order to ecliisve the highest yield, complets mttng

to empty the ladle ic the most effuctive method, If it is
assumed that the disturbance ratio influences the yisld
directly (ije. this ratio indicates the loss due to
disturbance per strand), the ratio on multi-strand mschines
cah be expressed by the mathematical method of probability.
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Iakle s Disturbepce Rytio (per cent)

Works Ladle Tundish Break-outs  Wrong opsration Total
trowble distwrbance an overcasty and machine troudbles
4 0,60 1.45 1,1 3.07 6,22
» 0,80 1.9 14 3.4 T.5
c 0,18 4.57 0.48 0.56 579
i -] 2,61 1.49 1.1 3.3 8.7
B 0.41 2,% 1,0 2,86 6¢5
F 1,0 4.4 1.0 2.6 9.0
<] 0.27 1.42 323 4,58 9.5
w — N
Average 0,800 2,513 1.36C 2,910 7.603
Disturbance Ratio . or of casis x r of stramds * 100

Ladle Disturbance 100
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If any one strand is stopped by a disturbance and the gteel

produced i@ not accepted tor the caster, the loss fron
~he stoppage is expressed as follows [x probubility] :
l-strand machine: x 0,068
2-strand machines g 000462
*)  3-strani machine: »° (3-2x) 0,0132
**)  4-strand machinet .3 (4-3z) 0,0252

Substituting “.)0.068 for "x" by an average froa Table 3, the

loss due to stoppage of casting is chown in the above table,
Continuously cast billets help to improve rolling yield because

the cutting length is so accurate that cropping loss is greatly
reduced and the quality of the billet is o wniform that pipe and
SeAR, which are often seen in bottom-poured ingots, are eliminated, °
The improvement of yield in continuously cast billets ic as followst

Wo. of Im n '
Works Casting size strand Furnace as-cast as-rolled otal

r 100 mm 4 60 ton E.P. 2,8 2 4.8
) 90 =m 2 25 ton E.F, 3.2 o7 4.9

*) On the basis that the machine can empty the ladle using two
out of the three strands:
2 22 (1-2) 423
**) On the basis that the machine can empty the ladle using three out |
of the four stmnds:
£C2x° (1-1)24.403(1-:)-“:4
*#4) Subtrmet 0,008 from 0,076 1n Table 1,
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le4 Productivity of the roiling mili,

(1)

(2)

Sub-sta: 1ard ingots contaminate. by glag, refractc ~ies, eto. ofton
stoppages cf rolling vork dua to breakdowns,

Breakdown occurred on average 3 - 4 times in 2,000 ingots in works
"D*. However, ;he continuously cast bjllet reduced disturbances for
thie cause to less than half,

T™e taper on i’r‘xgota is esasuntial to facilitate stripping; however,
the continuougﬂy cast billet is straight enough for the passes of
the roughing train o be bypassed, In a Plant where 13 mmd, 16 nf,
19 mé, 25 mmd, and 32 mmf bars are being rolled fram 100 ma billets,
on improvement in productivity of up to 20% has been attained,

1¢5 Consumable material

(2)

(3)

(1)

Nould

Ingot moulds for bottom-pouring are compared with moulds for
oontinuous casting,

The consumption of ingot moulds is about 10 kg per ton of product

of about 140 om sq, ingot. For the continuous casting of 100 - 150 s
billets, a tubular mould of pure copper is usually used. The life of
the latter is mainly limited by the deformation and scratoches on {t,

A well maintained mould can lagt for 200 charges or 3000 ten of casting
stesl, with several repairs, |

Tondish lining and nogzle,

The refractory material for lining the tundish ig of fireclay or
siliceous bricke, the spane af for the ladlae,

Bvery 20 casts, on average, a complete reline is "nacumry, after
several rcpniis with bricks or casteble refractories, The tundish
nostle must be heat- and wear-resistant, to keep the siream steady
durirg casting, :

It is normal to une the 8o-called zircon noszsle, whioh containe abeut
60% Zr0, for the turdish noszle, unless the manganese contemt in the
steel exceeds 1%,

NC‘.'

Preheating of the tundish lining is essential in onder to dintribute
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the stcel without ciogging of whie nczzles, Fuel consumption will
? be 1.0 - 1,5 per ton of steels The praheating time is around two
{ hours,

Eq_; (4) Electric power

| The continuous oasting machine umes electric power for mould
oscillation, withdrawal and straightening of the bdbillet, discharging
the billet, atc,
Excluding the cooling-water cleaning system for the contimuous
casting machine, elsctric power consumption will he £ - 8 Kip per
ton of stecl,

(5) Cooling water,
The contimuous casting machine nceds a great deal of cooling water
to solidify and cool the nteel in the mould and the spray cboling
sone and to cool the machine internally. To conserve water, it is
usually circulated through a water cleaning plant, whore it is cooled
and contamination such as scale from the billet in the spray cooling
sone is separated in a settling basin,
0il is also skiomed up by the oii skimmer or removed by an oil fence,
The water 1oss in a circuit is mainly cauned by vapour in the spray

cooling sone and drift from the cooling tower,
The water losses can be detailed as followsat

Water
volume Cause Loss in per cemt
ratio cf loen o ea: ne o total water
Mould cooling 0.8 Overflow 0.2 0.16
Machine cooling Drift from 3.0 244
000iing tower
Spray cooling 0.2 Overflow 0.4 0.08
Drift from 3.0 Ceb
cooling tower
. Vapour 5¢C 1.0

Total 1.0 4,244
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A vater volume ¢quivalent to avout 4, fcr the total circulation

hae to be supplemented in A main water bamin,
(6) Others, -

In order to muintain the machine, ludbrication 01], grease, and

hydraulic 0il are topped wup Periodically,

Further, several thermocouples to measure the stoel ‘temperature

in the ladle and tundish are used in daily operations,

These additionas items cost avout 1008 (0437 USS) per tom of steel,
Prod\ot Cost,
The uﬂutgd cost of processing wire rod or small section ig oconpared
in Table 4 for the bottom poured ingot process and continuous b_il'lot
casting,
Maintenance manpover,
The centinwous CAEting machine comprises so many mechaniocal components
that maintenance is the ®moet important factor in keeping the nachine in
operation, : .
Tyrical sanpower requirements for the maintenance of comtinwows casting
sachines are shown in Table S,




Teble 4. QOaal Qommemisnia

Condition:
Steel-naking furnace t 50 t B,
Fo, of charges per day : 13
Casting sise 150 sa =q.
Ne, of strands 1 4
Product i1 Reinfording bar
Iten Bottom pouring Continueus
1. Roeectric pwer /s 530 550
for stesl-making
8/t 2,041 2,118 (3. 0%/XV,8)
(uss/t) (7.6) (7.9)
2. Limsstone /e 1.3 15,0
&/t 39 2
(uss/t) (0.144) (0.296)
S, Alwminiwm xg/t 0.4 0.1
&/t X} ] 19
(vas/t) (0.278) (0.708)
¢ ledle lining o/t 130 333
(uss/t)  (0.48) (1.29)
S, Ladle stepper B/t 89 58
(vsa/s)  (0,33) (0.204)
6. Mould s/t 4% 5
(uss/¢) 1.6 (0.115)
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Bottom yowring Continuous

T Lubricating oil 't ) -
(vss/t) (0,148)
-—-———-—_-———--__r L e R —
8. Mould ludbrieanmt 1/t 0,129
o/t - 15
(vss/s) (0.08)
m ——— e 2!‘———-“
9. Basic betek w/t 4 -
(vam/t) (2.8)
M—— R S Y Y
10, Twadish lining kg/t - 4.0
w/t - 120
(use/s) (0.448)
M
11, Twadish nessle 8/t “»
(use/t) (0.178)
M r:m
12, Dammy Ver head 8/t a
(use/s) (0,17¢)
M
3. Peel oil 1/t - 1.6
o/ 36
(vae/s) (0.099)

M. Restwie powor /¢ - 6. 42
%o dvive sachine
u/t - 25
(use/s) (0.093)
M— M
15. Cosling wmter -’/t - 13.0
&/t - 5
(one/s) (0.108)

M
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m = Man-bours for maintoninoe of continuous oast ‘ng saching,

Betaile of machine:

ladle capasity 30 toms
Baber of strends 2
Wrking days por semth 25
Rusber of castings per day 8

Casting sipe 120 m» oquare




- 10 -

Man<hours Standard
stbeu Total necessary Meu/hour ';;::’:::f Rezarks
— Ran=hours _ _ ver charge
de Ltlle refractory 120 4,8 4 Brick 1ife:
lining 25 charges
2, '‘undish vefractory 21 1,2 3 Brick life:
iloing 18 sharges
je hepalr of tundinai 1 0.5 1 Repaired each time
4. Leplaccmon’ of 1 0,5 1l Replaced each time
tundish woszde .
5« Regular replacescnt 2 0,01 2 Replaced every
of mould 200 charges
6, Replacement of shiar 1.5 0,007% 2 Replaced every
blade month
7. Bulldeup of ghear 3 0,015 1
blade
8, Repadr at tiwe cof
breakout
(1) Replacemcnt of 0.5 0,005 2 Breakout ocour-
sould rence rate: 1%
(2) Adjustiuent of 6 0.04 2
mould
(2) Replacemeat of ] 0,04 4
rollor apron
(4) Adjustment of 8 0,08 2
rcller apron .
9. Periodical inspection
(1) Cleaning of filter
for rir, water,
pressure oil, etc,
(2) Inepeotion of hyd- 35 0.36 5 :::m;“
reulic equipment ry 2 weeks

(3) Supply of lubricate
ing oil

(4) Removal of scale

{5) Inspection of
electvioc equipnmant

Total 201 man<hour 745575 man=-hr/charge
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Sige of contirnuous casting machine in rclation to outnut

The capacity of the continuous cant ing machine depends on the number
of oasts and strands, They are so determiped ag to meet the resquirement

of the product size,

Casting size and casting capacity.

Casting capacity is defined as ihe rate of molton steel poured into

& certain size of mould. This rate is limited by not only the cooling
effect in the mould but also by the casting sise, The casting speed
correcponding to the casting si-e is obtained experimentally, az shown

in Fig, 3, The casting rate ig, however, increased for larger casting
sizes.

Casting size and froduct size,

Casting sise 15 deternined 50 ae to be large enough to be rolled down

to product size. Thus, the minimum reduction ratio for the product has
to be investiguted. Yowadays, there are many reports (1) about the
practical reduction ratio, These may be summarized as followst The ratio
T ~ 8 is adequate to eliminate centre poTosity,

Por steel plants making reinforcing bar less than 30 mad, a billet sectiem
smaller than 100 mm is preferable from the point of minimizing the re-
duction ratio in the rolling mill,

Limit aotions on casting size,

To reduce rolling and to give hig productiviiy, a - mall section billet
will meet this objective; however, the smaller the casting sise, the
®ore difficult the casting operation becomes,

The casting speed is assumed to be inversely proportional to the square

of the casting size, when the casting rate is kept constant, In fact,
the casting speed can not be increased as might be expected.

This is mainly due to the casting technique, since it is difficult for the
casting operator to control the stecl level in the mould so as to
counteract variations in the higher casting-speed range for small

casting sisen,

Trowble such as breakouts and overcasts are apt to ocowr frequently

with increase in caasting speed, Nevortheless, the use of a smaller
tundish nozsle to restriot the casting ospeed causes nossle clogging.
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In practice, an 80 mm sqe billet i the minimum sise to permit an
increase in casting spesd economically, and nozzle diameterc smaller
than 13 nﬂ lead to severe nozziao clogging and result in a decrease

in the productivity of the machine,

The irregular and divergent steel stream from the tundish disturbe

the svcen ad symmetrical sonlidification in the mould as well as in the
spray cooling zone,.

I” the mtesl stream is always hrought to the centre of the mould by
neans of, for example, a stream centring device, complete casting wntil
the tundish become: empty ieg noacible in spite of an irregular streas
at the casting end.

Fumber of strands,

The number of strands in the continuous casting machine has to be
caloulated so that the casting time does not exceed the heat cycle

of the furnace and the steel temperature does not drop down to the
lower limit,

The steel temperature drop in the tundish is dus to the steel retention
time and its holding capacity., In order to minimise heat loss in the
tundish, the steel retention time should not exceed 10 min,

A nulti-strand tundish, which requires a long and slender container,
makes it difficult to distribute the steel to each nossle, The tempera-
ture gradient is naturally greater in the longitudinal direction.

A six-strand machine is the maximum that can be cast with a single
tundishy double tundishes can he used to minimize the temperature
gradient,

¥rom the view=-point of maintenance cosis, more sirands mean higher
cost per product tonnage rate,

On the other hand, a single strand machine hus so little flexibility
that its operation can be stopped by ainor troubles,
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Puture trends

As mentioned before, the cont tnuous casting proncss has an
advantage in that the produc: yield is improved owing to re-
duction in gtee] loss, etc,

Starting with this advantage, the remairing problems then require

to be solved, with the object of:

(1) Increasing product yield:

(2) Increasing productivity;

(3) Reducing product cost,

Some methods of doinz so are given belows

In-line reduction mill,

The process in which 2 somewhat larger cast strand is rolled to

the required size after the withdrawal roll unit is known as

in-line reduction,

This process gives the fol lowing advantages:

(1) ™a casting operation itself becomes eisier owing to the
larger mould size,

(2) Te casting rate per strand in increased, permitting the use of
& Sachine with s minimum number of strands,

(3) Billetc emaller than 80 mm Sq cam be deliveped,

Our tests rchow that a 110 s £q mould can provide stook for
reduction to 80 mm 3q b.1let in two mill pasces,

(4) The work of changing casting nises on the machine is eliminated,
80 that the machine Tunning rate is improved,

For worke where billets are made ir small quantities for one
sise but in many sizes, the down time for stopping the machine
and changing the casting smize is minimized.

(5) Molling at a temperature betweer. the solidification point and
about 1,25C%C helps to cloce up the centre porosity and improves
the central structure,

As-cast, the billet im as sound as the rolled product,

Our tests showed that roliing billets with a liquid core

(1e0e T011ing before complete colidification) was not practical
becuuse it was too difficult to control the crater depth,
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Rolling to size with an in-line reduction mill has the

above-gantionad ~dvantas ~: however, its economic advantages

sust also be compared, Whether a single breakdown pass can

be ocomparable with an in~line mill installed on each strand

is the key point, T:e essential factorc in designing an

in-line mill are:

a) A compact design, for ingtallation in a narrow space
(normally smallcr than 1,5 m for billets up to 150 ma sq.)

%) A low roll speed to synchronize with the casting speed,

o) Ahigh torque to roll down the billet.

For examvle, the in-line reduction mill san have the following

4 oharacteristicst
|
| Reduced Roll epecd Torque
Mould wsice bilirt aize (r.p.M) (k“‘ﬂ)
120 mm sq 80 x 125 1.85 - 12,000
65 = 85 2,30 9,000

3.2 Automatic operation ;
On existing continucus ocating machinos, the principal function
wnder the oontrol of human operations is the control of the steel
: volume poured und the withdrawa! speed, i.e, the time-volume
control systenm,
* Such control work requirc. skill «:nd training on ome part of the
i operations; however, they can be replaced by an automatic control
5 syetem, Por exaapic, an automatic steel level control system
makes it posaible tu reduce the nmumber of casting operators, and
they only have to concentrate on removing the slag on the meniscus,
1 Since training cottc are mairily spent on casting operators, a
| reliable control system can help considerably to reduce production
costs, MNowadays, twc strands can be manaped dy one operator,
3¢3 Nigh speed,
Since the canting rate is increased in proportion to the casting
speed, machires tend towards those with casting speods. In this

!
£
i
H
%




case, the gquality ot the product is mnore important than the
machine capucity.

The discunnion about the optimum machine type for high casting
'upeuds has not yet ended; lLowever, as the curved-mould machine
is popular at present, the strain rate as well as the integrated
strain when bending or stiraightening the product is the facter
nmes“ry to eliminate billet defects when the casting speed is
inoreaced,

As the higher ciusiing opeed causes a deep crater in the billet,
non-petallic inclusion, sagregation, and central porosity become
mOre migniticant,

The target spead we are aiming is shown in Fig. 1,

Sequence casting,

If the working ratie of the continuous casting machine in expressed
by the ratio of actual casting time to total working time, the
working rate ic akout 50% in ordinary operation, in which 60 mine
casting work and 60 min, preparation work are repiatved for each
caste This value iz very emall compared with that of a rolling
mill, which worka at about 80%.

Because improvesont in working rate is cchieved by shortening or
eliminating the preparatinon time, it haz become common to adopt the
go-called sequence cr series casting procecs, in which casting
continues with the gubstitution of new iadles before the tundish
becomes empty,

Piz. 2 shows that the working rate is improved by adopting sequemce
castinge It contributes to the improvement in yiecld and alsgo in
production costs, since the loec from head and tail crops, residual

stee]l in tundish, atc. is minimized, the tundish nosgle does not
have t0 be changed, and the tundish need not be preheated,
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4. Conclusions,
In view of the fact that contirious Castinm gives highar yieids
and lower product costs and makes jt Possitie to nrodune amall.
section biilets of uniform quality, it has been accepted in the steal

!
N
i

Plants in price of the bottcm-uouring Lot casting procesc,
Bowever, when compared with the cleatrie apc fernaco or the roiling
mill, the continuoug casting machine 5till hasg dxsadvuntagez, such ang
1) The ratic of dirturbances to production due to bad operation ig

higher,
2) The succesm of the operation lies in the gk1il 5t the operators,
3) Productivity is reiatively iow,

In' the near future, the continuous cagting machine equipped

with an automatic oontrol system amd ag in=line reduction mjijl will

overcome thene divadvantac -y andg ectablian an unase 1 lable pond 4 on
in steel plants,




N0, OF SERIES CASTINGS - WORKTNG MATS
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preparatisa.

Besed on €0 min. casting ard 60 min,
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Malarsaes

1. Por ezample,
Nerits, H.:¢
Ushijinmes

Stahl . Elsen,

-25.

lm ko‘. age 167 - ‘?5.
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