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ABSTRACT

The Kavesh®s model of ribbon formation during the melt-spinning process
has been discussed. It has been shown that a good agreement between the
theoretical and the experimental results for both the variation of the ribbon
dimensions and the behaviour of the melt puddle can be obtained only after
the correction of the original equations.

AHHOTAUMA

Havn unsy4yasiocb npegsoxeHHoe KaBewewm onmcaHuve neHToobpa3ywlwero npouecca
B TeuveHve "melt-spinning’. [oka3aHO, 4TO TeopeTUHEeCKMe N 3IKCMepuMeHTaslbHbe
pe3ynbTaTbl N3YyYeHUs U3MEHEHUSA pa3Mepa NIeHTbl W MOBEeAEHUA pacnaB/IeHHON Kanav
COBMajanT TOMIbKO MOC/Ne KOPPEKLMM OPUTMHA/IbHbIX YPaBHEHWN .

KIVONAT

Megvizsgaltuk a "melt-spinning"” eljaras soran fellépd szalagképzddési
folyamat Kavesh altal javasolt leirasat. Megmutattuk, hogy a szalagméretek
valtozasara és az olvadéktocsa viselkedésére vonatkozdé elméleti és Kkisérleti
eredmények csak az eredeti egyenletek korrekcidja utan hozhaték Osszhangba.



Several phenomenological relations are available for the
dependence of the ribbon geometry on the technological parameters
during the melt-spinning process [1-4]. The most often quoted
relationships are obtained from the thermal transport controlled

ribbon formation model of Kavesh [5]:

_ 1 qo - A Qo INAN
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where JR and wR are the average thickness and the width of the
ribbon, respectively, Q is the volumetric rate of melt flow,
Vo is the surface velocity of the cooling substrate and c" is a
proportionality constant independent of the casting parameters,
Q and V . These expressions are in a fair agreement with the
experimental results [3,5-7]. However, this agreement is surpris-
ing because the derivation of Egqs. (la,b) 1is based on a melt
puddle behaviour which is in clear contradiction with the experi-
mental findings [6].- We will show that the mathematically correct
treatment of the Kavesh®s model changes significantly the rela-
tions between the ribbon dimensions and the casting parameters.
Impinging to the surface of the moving substrate the melt
jet forms a puddle (see Fig. 1), under which the solid layer
thickens according to the relation:

«.<?> = cQ (’\(;)m @)

where 6S is the thickness of the solid Iager, s and m are the
parameters characteristic to the mechanism of solidification,
while £ is the length measured from the front edge of the puddle

in the direction of the movement of the substrate surface.



The cross-section geometry
of the ribbon is determined
by the form of the puddle
base. It is reasonable to
assume that the latter can
be described by a function

containing two parameters:

where 1 is the length and w
is the width of the puddle,
which is supposed to be
equal to that of the ribbon
w =wR . The x-y plane corre-
sponds to the surface of the
substrate, while the origo
is fixed to the midpoint of
the puddle base, and the

Fig. 1. The melt puddle
formed by the melt
jet on the surface
of the substrate

a/ front view
b/ lateral view

X-axis is in the direction of the movement of the substrate.
Combining Eq. () with Eq- (3) the thickness measured at point
y along the width of the ribbon can be given as:

m

6RE) = 6SU = 2x(yj) w72} @

Taking into account the mass flow balance, the volumetric rate
of flow in the jet and in the ribbon is equal:



®

where & is the average ribbon thickness defined by:
w/2

)

while 60 (y) has to be taken from Eq. (@4).

The equation of Kavesh for the average ribbon thickness
(Eq- (@) of [5]) does not contain the 2/w normalization factor,
which makes 6 dimensionally incorrect. This shortage in 2/w can
be followed all along his calculations (see Eqs. (5-17) of [5])-
We will show that it results in a significant change of the
casting parameter dependence of the ribbon dimensions.

To determine the connection between the casting parameters
(Q and VO) and the ribbon dimensions «ih and WH) we need a further
relation, namely that of the dependence of the form of the puddle
upon the values of Q and VQ:

i = Mw;Q,Vo) @

In the frame of the above phenomenological formulation the proper-
ties of the material are represented by CQ,m and Eq. (7). If these
informations are given we can predict the ribbon geometry for a
given technological parameter set (Q and VQ).

In his work Kavesh applied cq and m values derived from a
theoretical model refered to as heat transport controlled ribbon

formation. He supposed a puddle behaviour described by the follow-
ing form of Eq. (@) :

w am
2 2 ~ const ¢

which means, that the puddle base area is independent of Q and
VQ. It must be mentioned that this supposition is in clear con-
tradiction with the experimental observations of both Hillmann
and Hilzinger and Vincent et al. [6,7]- They found that under
constant Q the puddle length decreased for increased V . Taking

into account that under such conditions an iIncrease 1in VO cannot



enlarge the width of the puddle, Eq. (8) prescribes a variation
of 1| opposite to the observed case. The original expressions
obtained by Kavesh for the ribbon dimensions are the following:

1- m
2- m 2-m
Q ]
and Wo c 1-m (9a,b)
y2-m V2-
0

which give Eq. (la,b) with the parameters of the heat transport
controlled ribbon formation (m=0.67, [5])-

In the following short calculation we intend to show how
the proper normalization of 6 changes the results of Kavesh.
First we recall a special form of the equation for the volumetric
flow balance proposed by him:

c”" w2 m m = Q Eq. (@3) of [5]

The proper normalization contributes and extra 2/w Tfactor. It
can be seen by substituting Eqs. (4,6) and Eq. (@) to Eq.- (O)
that:

2¢"(w VQ)1m = Q (10)

As this relation should hold for every V value for a given Q
this expression requires w ° Val- Combin;ng this result with

Eq. () we can realize that 6 turns out to be entirely inde-
pendent of Vg * This way we have shown that starting from the
unphysical assumption cf Eq. (@ the correct equations lead to
relations contradicting the experiments. It means that the
missing 2/w Tfactor is the only reason why the unphysical puddle
behaviour leads to acceptable casting parameter dependence of the
ribbon dimensions within the frame of the model of Kavesh.

*The 1independence of & of V is a straight forward consequence
of Eq. (8) 1irrespectively of the value of m, as it can be seen
from the form of Eq. (10) .



Let us test the correct equations by using a more realistic
relation for the description of the puddle behaviour e.g.

by the
simplest approximation suggested by Vincent et al. [7], which
describes the trends well:
1
W K, (1D
where is a dimensionless constant,

independent of Q,Vq ,w and
A. A more detailed expression for the average ribbon thickness
can be presented by substituting Eq- (@) into Eq. (6):

T. £ tm
B " Ko °of§r> a2
o]
where KQ = /7 fm (c)dc is a dimensionless constant, independent
o}

of Q,Vg ,w and A. Evaluation of the volumetric flow balance by
inserting Eq. (11) and Eq. (12) into Eq- )

yields the following
formulae for the ribbon dimensions:

m
m+1 m+1
= K om and w_ = % Q 1em (13a,b)
Vim+1 -m+l
o]

where K=KocqgK”. These expressions coincide with those derived

by Vincent et al. [7]- According to this fact the theoretically

derived limiting values of m lead to the following results:

a/ ldeal cooling, m=0.5 [8]

0.67
6, n 902

V0.67 and WR * (14a.b)

b/ Newtonian cooling, m=1 [9]:

5R n 98—5 and 5

wr ~ 0- (15a,b)



demonstrating that choosing an appropriate value of m (e.g.-

m =

0.7) the relations following from Eqs. (13a,b) are able to

describe the approximate casting parameter dependence of the

ribbon geometry.
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