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Dependence of Stretching Force on Conicity of Crystallizer
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ABSTRACT. At continuous casting, the quality of billet and stability of the process depend on the quality of
contact between the walls of the crystallizer and the billet.

Conicity of a crystallizer is one of the effective methods to provide permanent contact between the crystallizer
and the billet along the whole length of the crystallizer.

In the paper the influence of conicity of the crystallizer on the stretching force of the billet on the example
of a round billet is shown. The results obtained are generalized to rectangular billets. © 2011 Bull. Georg.

Natl. Acad. Sci.
Key words: conicity of crystallizer, continuous casting.

It is known that at continuous and semicontinuous
casting, as a rule, there is a gap formed between the walls
of the crystallizer and billet due to settling of the latter. As
aresult heat exchange sharply decreases which could be
caused by the heating of the consolidated skin of the
billet as well as by the occurrence of unfavourable ther-
mal stresses. One of the most effective methods to pro-
vide full contact of the billet with crystallizer along the
whole length is the application of a crystallizer with re-
verse conicity. In order to provide non-obstacle sliding of
the shell of the forming billet by the working walls of the
crystallizer and not allowing extra large stretching force it
is necessary to make a theoretical evaluation of the de-
pendence of the stretching force on the conicity of the
crystalizer.

Let us consider the example with a round billet shown
in Fig.1. Assume that the radius of the meniscus is equal
to R, at the temperature of hardening ¢,. Then while cool-
ing, the given layer tends to have the size

R'=Ry[1-a(t, —1.)],

1 .
where ¢, = E(t0 +¢,) is the average temperature of the

billet skin, ¢ is the temperature of the billet surface.
R=R[1-at,+ X0y Mg |- *=t) |
2 2 2

In fact the profile of the crystallizer is defined by the
function R(x). If R(x)>R,, then reduction does not occur.
Ifthere are parts on which R(x)<R?, then plastic deforma-
tion occurs, as the pipe is drawn on these parts. The walls
of'the crystallizer serve as matrix.

Let us have n parts in the general case; on each at the
beginning R, and at the end R, . Then according to the
general methods of the theory of plasticity, the force of
drawing in the i-th part will be equal to (without friction)
[1,2]:

T=2KInA-27R6,, )

where K = % , 0, s limit of the fluidity, & - skin thick-
NE)
ness, A= ﬁ

1i
This formula is applied at small angles, as in the given
case. Moreover, as the reduction is small
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R..
Inn~ ln[1+i—

1i

R.—R.
1 ~ 0i lz’ (2)
ROi

2 AR.
I, =—o0,—2nR,0, =720 AR.9,.

\/§ ROI» i

To take into account friction force we add the value

AT~ 27R,( ,uP, 3)

i

where 7, isthe length of the given part, —friction coef-

ficient, P—specific pressure, which is now defined not by
ferrostatic pressure but by the process of plastic defor-
mation.

At small angles the billet skin may be considered as a
thin-walled pipe and accepted as
R, .
P=2Kln¢z2Ki.
ROi - 51’ ROi
Then full force

T +AT, =720,ARS, +6.28-1.150,6,0 1=

7.20,AR0,+7.20,0,0,u="120,0,(AR, + ul,).

si i

Full force should be defined summing these values in
all the parts, on which R< R’

F= 7.2io- O (AR, + ul)). @)

sii
i=1

In the simplest case we take that R' and R are changed
linearly

X
tn = tnu - (tnu - tnl )z’

where ¢ is the meniscus’s primary temperature, 7 | sur-
face temperature on the outlet from crystallizer at the length

equaled to /.

, a X
R =R, {I—E[to —t,+(t, _t‘)]?}’

andat? =1,

, a X
R' =R, |:1_E(t0 _tl)z:|a

atx=/(
, a
R/ =R, |:1_E(tu _tl):| .
Let the crystallizer be fulfilled with conicity and
Rl = Ru _(Ru _Rl)%~
Here R is aradius on the outlet of the crystallizer.
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AtR <R/ plastic deformation will take place and its
force according to (4) will be:

F=7206[(R-R)+ul,]|=

R
726 8| R 2%t —t)~R +(R —R)+ul |=
K 0 2 0 1 0 0 i

R
=7.2US5|:,LM+RO -R, —OTa(fo _tl):| 5)

It is essential that the dependence F(u) is linear.
a
Ry=Ri >Ry —(ty 1))

AtR,=20cm,a=10? 1/grad, t, =1500°C, #,=1100°C.

R,—R = 27010’5 -400 = 0.04cm = 0.4mm.
Deformation of the “drawing” type will take place
already at conicity more than 0.4 mm per radius or 0.8 mm
per diameter. In practice even higher values of conicity
are used.
Taking the average thickness of the billet’s skin at

5aver = K i’
\ 2v

where v is the pouring rate and o =765-0.51¢ [3].

X ==

2

_ tu + tm‘

c

l
,at x=—,1t =t
2

n ne

=

0

R(x)

AN

Fig. 1. Scheme of casting into round crystallyzer.
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Fig. 2. Dependence of the force on conicity at circle casting
0400 mm.

(to_tl)_to+t1, by ¢

3ttt
4 b

te =ty — = Dt =

Ll
" 2 2 2 4
o, =765-0.13(3t, +1,)

At K=2.8 cm/min®®, v =30 cm/min, ¢ =100 cm.

/100
6=2.8,|—=3.
230 3.6cm,

0=765-0.13(3.1500+1100)=40 kg/cm>.
Formula at small values of conicity exceeds the force,

tl
+_
4

R
as the pressure 2K In—2

requires considerable de-

0
formation.
Not taking friction force into account, we have

F= 7.26055{&) ~R -R, %(xe —xl)}. ©)

Taking into account o and 7, in the cross-section on
the outlet from crystallizer, i.e.

t,+t,
) =K\/Z; r, == 3 "o, =765-0.26(1,—t,,),
v
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then at the given parameters

6=238 /@ =5.1cm;
30

. =765-0.26-2600 = 90kg/em®

A= 7.2-90-5.1(2O—Rl —?10’5 -400} =

=3300(20 - R, —0.04).
AtR =19.9cm, F=200kg. AtR =19.8cm,F=530kg.
Dependence F'on AR = R, — R, is shown in Fig.2.

It is seen that conicity strongly influences the force.
At deterioration conicity is destroyed, causing a sharp
decrease of the effort, i.e. the so-called “run-in” occurs.

We must note that in the parts in which “blowing” of
the billet instead of compression occurs the proof of the
skin should be taken into account. At the distance of x
from the meniscus the pressure is equal to f{x), and

1)
Ro " fx—o, IS
While casting into square (rectangular) crystallizer
we can use the same formulae, changing by the sides of
the square one half; if there is the same conicity on all the
four facets.

fx—o, In

F =4.60,6 {ao -a, —a, %(to —ll)}. ™)

If conicity is equal to a-a, on two facets with the size
axb and on the other two facets with the size b-b, then

F= 2.30‘3,5{510 -a,—a, %(ro —tl)} +
a
+2.30‘S5[b0 —-b —b, E(t0 —tl)}. ®)

The obtained formulae allow to calculate the optimal
conicity of crystallizers at given technological regimes.



88 Irakli Zhordania, George Kevkhishvili, Julietta Loria

3{7&0@:763 09

‘39333@0 lsba‘ag:)ols 303«)93301& d.)g:);]i')o'ls Qbam dogab‘ag@abb
dﬁol&@bg‘go‘bb@mﬁ)ol& dms'alsmb.)cba

0. ﬂmﬁ)g\obsob*, d 53350'330930**, R thﬁoo"

* JJJQJHOJMZ}O, L(rj.md&)dnl} 3(7(5&@27630015‘) @9 HJZ}JQJmHGMQEer}o[J 051)@0@3@0, m&ogo[)o
ol g.m‘)&)dol} 33@&@27630015‘) @9 HJZJJQJmHGMQEJ{m}oZ} 051}(50(5;7(50, m&ogml}o

ﬁ%’ﬂaa&o Bsdmlbdols 3(4)(')(3313'30 'ls‘ba?]Qo'lso Q) dﬁob&bmo‘bo&mﬁob &]QQ:]M) B0l dmsé.)ﬂéols Baﬁohb%a
3336.);2 360l ;t\).)am JoQabaQo 30 336&0’) 151‘)3-3;201; bscrolbo, aﬁaaag ”goon 3607031&01& B@abnm-ﬂﬁmao.

360)—360) 833&"%3 3033(-]&:-]6 33mQ'ls dﬁol&@ogo‘ba&mﬁo]& BU{JQ 1508683153 'ls‘ba‘:]Q'lso [ dﬁoh@omo‘bo&mﬁk
Yool 3-3;23030 dmﬁ&o:]&ols '2‘]%6'2']53{]&3“"(30]50 V‘)ﬁamaQaas]& dﬁob&ogo‘ho&mﬁo]& dmﬁ-a]sm&.).
6596 dd0 V‘)ﬁﬂmgaasogoo 3633.);20 151‘)3-3;201; 3.)6.);200)‘53 dﬁnk&amo‘bo&mﬁok dmﬁﬂ'lsmbnls 6.)3;236.)

REFERENCES

1. M.Ya. Brovman (1965), Primenenie teorii plastichnosti v praktike. M. (in Russian).
2. O. Goffman, G. Zaks (1987), Vvedenie v teoriyu plastichnosti dlya inzhenerov. M. (in Russian).
3. M.Ya. Brovman, E.V. Surin, et al. (1969), Energosilovye parametry UNRS. M. (in Russian).

Received July, 2011

Bull. Georg. Natl. Acad. Sci., vol. 5, no. 3, 2011



