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ABSTRACT The method combining theoretical analysis with experimental verification was adopted, and
the pressure distribution of TiAl based alloy melt poured in permanent mould during the process of centrifugal
casting was analyzed . The expression of extra pressure item A p and the relations bet ween the maximum angu-
lar velocity &, ,,, and melt height H, pouring basin diameter D, were concluded. It provided theoretical guide
for actual casting process . The analytical results showed that the pressure ite m affecting castings consists of
static pressure and extra pressure during the process of centrifugal casting . The static pressure was determined
by melt height, while the extra pressure was controlled by metal liquid density and rotating angular velocity .
The pouring basin height and dia meter should follow certain functional relation. Also, it showed that the value
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of maximum angular velocity decreased with increasing metal liquid height and pouring basin diameter .
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1 INTRODUCTION

TiAl based alloys have attracted a great deal
of attention because of their potentially attractive
properties for high-te mperature structural appli-
cations . For their excellent corrosion, oxidation
resistance and low density , the TiAl based alloys
are being considered for a number of aerospace
applications[l' 51 Since 1980, the upsurge of
studying and developing on the alloys has oc-
curred in many countries , characterizing by de-
velopment of intermetallic compounds used as
structural materials and extensive applications of
inter metallic compounds served as functional ma-
terials .

Some researchers in foreign countries have
given effort to study the forming properties of
TiAl based alloys . The properties and formation
of TiAl based alloys have been elaborated by
Froes et all® , and several formation methods
applied to TiAl based alloy have been concluded,

such as powder metallurgy ( PM) and rapid so-
lidification( RS) , and so on. Tir47AlF2Cr2Nb
( mole fraction, %) alloy automotive exhaust
valves have been poured in permanent molds by

Jones[7],

and the conditions of static pouring,
die casting and injection have been compared by
experiments. They have concluded that , in the
future , the permanent mold centrifugal casting is
very possible to be the productive method for
large quantity TiAl alloy castings . In our coun-
try , the Powder Metallurgy Research Institute
has done some works about powder metallurgy,
and many papers have been published[g’g].
During the process of melting TiAl alloy, if
the centrifugal angular velocity is not chosen cor-
rectly , TiAl based alloy melt will overflow from
pouring basin and the static pressure in the melt
within mould chamber will disappear. Not only
materials will be wasted, but also the vacuum
chamber seal rings are destroyed and equip ment
life become shorter because of the metal liquid
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overflowing . In this paper, with the ISM equip-
ment introduced from Germany, the pressure
distribution during the process of permanent
mold centrifugal casting has been analyzed. At
the same time, results in this paper have also
been verified by experiments .

2 PROCESS ANALYSIS

In this paper, Tr48 AlF2Cr 2 Nb( mole frac-
tion, %) alloy is poured into permanent mould
under the centrifugal condition with induction
skull melting ( ISM) method.
chamber pressure is about 1 .08 Pa. During the
process of centrifugal casting, the platform and
metal turn around the center axis with angular
velocity @ (rad/s) . The pouring basin structure
of the pouring system is defined as column, and
its height and diameter are respectively H and
D, , adopting side gate into head, shown as Fig .

The vacuum

1 . At the beginning of rotation, TiAl alloy liquid
will move outward because of the centrifugal
force. Immediately it becomes unity with the
mould and forms a relative balance with the
basin .

Suppose that the metal liquid fills the mold
completely during the process of centrifugal cast-
ing , then the pressure distribution in static fluid
can be expressed as following :

dp = p(Xdx+ Ydy+ Zdz) (1)
where X, Y, Z are respectively the projec-
tions that unit mass power acts on x, y and z
axes. They can also be regarded as the projec
tions of gravity acceleration gon x, y and z ax-
es . Some isotonic surfaces that consist of isotonic
points exist in fluid. For these surfaces, p is
constant, so dp =0 . Because fluid density @18
not equal to 0, the isotonic surface differential e-
quation can be obtained:

Xdx + Ydy + Zdz = 0 (2)

By analyzing the forces acting on the mass
point m, we can know that besides gravity, it
also suffers a centrifugal inertia force . It equals
the product of mass and centripetal acceleration,
and its direction is opposite to centripetal acceler
ation. The forces acting on unit mass m include :

X = ?rcos a = &x

Y W rsin @ = & y

Z=-3
where r is the distance from mass point m to
axis, just the radius that it is on; x, y are the
projections of r on x, y axes.

Fig.1 Schematic diagram of pressure
analyzing

If the expressions of forces are taken into
Eqn.(2), the isotonic surface equation is ob-
tained :

ﬁ12xdx+ ﬁ)zydy— gdZ =0
After integrated , it becomes

a7

2

It is obvious that the isotonic surfaces are a
cluster of paraboloids rotating around z axis.
When metal liquid does not overflow , the vol-

- gZ = Cl

ume that is closed by free surface and bottom is
equal to that of static liquid. That is

D
D m P2 C
w0 = [ e T da
«* D}
16

So, G = - Hyg . and the free sur

face equation is
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o 1? * D} H must be satisfied, so
z = > g - 16 g + HO (3) 0)2 Dé
2 D 6o t Ho<H (7)
and when r = 0, z = Hy- —— 3
! 0 16 ¢ Now , the maximum angular velocity (it is

Take the expressions of powers into Eqn.
(1), get

dp = ,q,(wzxdx+ ﬁ)zydy— gdz)
integrate it, get

o P2
p=pC, - g)+ G (4)
According to the boundary conditions that

< Dj e
when r=0, z = Ho-EandP= po(pois
outside pressure) . Substitute them into Eqn.

(4) , we have

, «* D}
o= @al- gCH - )1+ C
p A 8 16 ¢ 2
, < Dp
then G, = po + agH - 16 can be ob-
tained. Take it into Eqn.(4) again, we have
P2
_ aYr /
p=" 5 - @&+ po+ pgh -
Qaﬁpg
16 (5)

Eqn.(5) is just the pressure distribution
formula in pouring basin for constant angular ve-
locity . Theoretically , when r = D,/2 and z =
0, higher @ produces higher pressure on cast-
ings . Because of the limitation of pouring basin
height H, if z> H when r= Dy/2, metal lig-
uid will overflow from the pouring basin and ma-
terials are lost . z will obtains its maximum value
z, at the interface where metal liquid meets
mold. Then, according to Eqn.(3) we can
know that

o D3

Zy = 16 g + H, (6)

It is obvious that z, only concerns with «
when the size of mold has already been deter
mined .

The relations between the metal height and
the pouring basin diameter and height can be ob-
tained according to the external conditions that
z,= H when r= Dy/2,and z=0 when r=0,

W
H0=§and§=8*
0 8

To prevent metal from overflowing , z, <

justat z, = H) @, that prevents metal from

overflowing can be obtained as
4 J(H- Hy g
max = D, (8)
We can know that the maximum angular
velocity @, is in direct proportion to the
quadratic root of the difference between the
pouring basin height and the static metal height
( H- Hy)
pouring basin diameter D, .

, and is inversly proportional to the

Taking into account of the location of casts
during the actual casting process, when the an-
gular velocity is @ and the height of metal/
mould interface is z,, the pressure p, that acts
on castings center axis ( r = Dy/2, the depth
from liquid surface is z = h, h is the distance
from the cast center axis to pouring basin bot-
tom) is

@« Dg ,
pn=""1¢ *tag(Ho - n+7p (9
It is obvious that p, is similar to z,, when

the size of mold has already been determined, al-
Its maximum value

H, it is just that @

so only concerns with @,
Pmax 18 Obtained when z, =

= mmax b

Pmax = @Ag(H- h) + p;

Comparing with gravity casting , the differ-
ence Ap exists bet ween the centrifugal side pres-
sure p, and static pressure pg, psis determined
by the height difference between the metal liquid
and casting center axis :

ps = pg(Ho- 1) + p’

Now , the pressure difference A p can be ob-
tained :

2 D;

Ap = pun- ps = 16 (10)

We can know that the side pressure py pro-
duced during the process of centrifugal casting
consists of two parts: one is the static pressure
ps » the other is the extra pressure A p due to the
centrifugal casting .

The free surface will contact with the pour-
ing basin bottom diameter D’ when angular ve-
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locity is & If angualr velovity is higher than
a5, melt will depart at the bottom diameter.
Taking z = D//2 ,z= h'and p= painto Eqn.
(5, & can be obtained. The value of & is

°’=4J@
(Di - 2D?)

At this time, the static pressure has no in-
fluence on the solidification castings even when
melt does not overflow . This results in pressure
decreasing in melt within the mould chamber and
produces bad effects on the solidification struc-
ture .

3 RESULTS AND DISCUSSION

From the results above, we can know that
the surface of TiAl based alloy liquid looks like
paraboloid during the process of centrifugal cast-
ing. When H=20cm, Hy=10cm and D, =10
cm, the surfaces with a series of angular veloci-
ties are shown as Fig .2 .

20
16
12
g wy = 80 r/min
] g -l
M
" wo = 180 r/ min
8
wg = 240 r/ min
v
wy = 300 r/min
4t ~—
wy =370 r/ min
-5 -3 -1 1 3 5
r/cm
Fig.2 Free surfaces with different

angular velocities

From the results showed in Fig.2, we can
know that the maximum allowable angular veloc-
ity is about 370 r/ min when the factors are de-
termined. According to the measuring data
showed in Fig .3, we can know that the calculat-
ing results are approximately corresponding with

experiments .
20

16}

wqy =210 r/min

z/em

0 X
-6 -2

(18
o)

I‘/Cnl
Fig .3 Measuring free surface when
@y =210 r/ min

With a certain angular velocity , because of
the centrifugal force, the pressure of melt on
sides increases . So, melt will fill the mould with
higher pressure . Melt near the sides moves up-
side , while that on center axis moves to sides to
supply . With higher angular velocity , the cen-
tral point of free surface becomes lower, while
sides becomes higher. It is more distinct when
the angular velocity increases. The static pres-
sure on castings will increase with the increasing
of melt height , whose increasing follows parabo-
la rule. Melt will overflow and mould bottom
outcrop if the angular velocity is higher enough .

During the actual pouring process, the ma-
jor restricting reasons are the pouring basin
height H and diameter Dy, as well as melt
height H,. When factors above have already
been determined, the shape of free surface is de-
cided by angular velocity . The chamber pressure
is about 1 .08 Pa when TiAl based alloy is melted
with ISM method, so the outside pressure can be
neglected. We can know that on the same
height, the pressure distribution centers around
axis and increases from center to sides which fol-
lows parabola rule . With the increasing of angu-
lar velocity , pressure area which is equal to envi-
ronmental pressure appears firstly on central ax-
is, and increases with the higher angular veloci-
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ty .

It is very important to adopt reasonable
pouring system and melt volume during the pro-
cess of casting. Not only can maximum pressure
be obtained, but also materials lose can be avoid-
ed during centrifugal casting . The melt height is
the static height H, before the platform begins
to rotate . The interfaces melt height z, increas-
es from Hj to the pouring basin height H which
follows parabola rule with the change of angular
velocity . Accordingly , the value of pressure p,
of melt on sides increases from static pressure to
maximum . The difference Ap between the cen
trifugal pressure and static pressure also follows
parabola rule, and is parallel to p, . The rela-
tions among the m are shown in Fig .4 .
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Fig.4 Relations between «,

and Zms Po

The melt height and pressure on sides in-
creases with the increasing of angular velocity .
The pressure reaches its maximum value when
the melt height is equal to the pouring basin
height . During the actual process, not only the
vaccum chamber is destroyed, but also materials
are lost if melt overflows. So, it is very impor
tant to choose reasonable angular velocity .

The maximum allowable angular velocity
Yymax and maximum pressure p ., according to
the relations shown in Fig .4 can be obtained. It
can be expressed by the dotted line in Fig.4.
The point of intersection between the curve z,

and the middle axis is just the pouring basin
height H, and the point of intersection between
the line parallel to vertical axis line drawing out
from this point and the horizontal axis just ex-
presses the maximum allowable angular velocity
% max - The vertical coordinate of the point of in-
tersection with the curve p, is the maximum
side pressure p,,, when the maximum angular
velocity has been adopted. The @ and ppax
values shown in Fig .5 are respectively 375 r/ min
and7 x 10" % Pa when H=20cm, Hy=10cm
and Dy =10cm, and the result is identical with
experiments .

If the pouring basin dimension is different,
the maximum allowable angular velocity is also
different . The pouring basin dimensions and an-
gular velocity both have important influences on
obtaining maximum pressure and avoiding the
lose of materials during the casting process . Rea-
sonable angular velocity should be chosen accord-
ing to the pouring basin dimension. The rela-
tions between the maximum angular velocity
@ max and melt height H, , pouring basin dia me-
ter Dy are shown in Fig.5 when His 20 cm.
The maximum angular velocity decreases with
the increasing of pouring basin diameter when
the melt height is constant. It also decreases
with the increasing of melt height when the
pouring basin diameter is constant .

4 CONCLUSIONS

(1) The pressure produced during the pro-
cess of centrifugal casting for TiAl alloy consists
of two parts, one is the static pressure p,, the
other is the extra pressure .

(2) During the process of centrifugal cast-
ing, to prevent the TiAl based alloy melt from
overflowing and keep high melt static pressure in

mould chamber, the following conditions should
2

— 4+ Hy, < H. The maximum

16 g
4 J(H- Hyg
D, ’
(3) The maximum angular velocity decreas-
es when the pouring basin diameter or melt

be satisfied :

angular velocity is @, =



<212 - Trans . Nonferrous Met. Soc. China Jun. 1999

Fig.5 Relations between melt height H, and pouring basin diameter Dy,

maximum angular velocity @y, when H=20cm

height increases .
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