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STAGE CRYSTALLIZATION YETHOD

V. D. Khramov and Ye. V. Mishakov

4t the present time a number of branches of machine con-

struction produces large-size cast parts of magnesium alloys
hd
up to 3 m long anqAa wall thickness of 3-4 mm,
The combination of a considerable size with small wall
thickness brings about a number of flaws during pouring into

the molds, The basic flaws are as follows:

1. Incomplete pouring;

2.. Non-metallic inclusions forming as a result of turbuient

of the metal;

3. Shrinkzge cavities resulting from interrupting the crystalli-

-

zation sequence,

I in
As 1is known, these defects

Juring casting of pargs
of any shape, yet they are especially stronzly developed in the
case of thine-walled parts hoving a considerable heizht,

Below we -nulyze various rekhhods of feeding retzl into the

molds and show how the develorment of flavs changes derending on

-1
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one or the other method for the production of thin-walled large-
slze parts.
Basically, two methods of introducing met2l into molds are

utilized:

a) The usual gate-vent system with well-developed gating
channels (down gate, metal receptacle, collector, gates, etc.);

b) Direct introduction of the metal inté the molds (vacuum-
suctlon casting, low-pressure casting, centrifugal casting, casting

by extfusion).

o _lolds According to

the Gate-VYent System

In this case metsal can be poured according to the top, lower

or vertical-slit zating system,

In this case, from the pourin; buasin the metal 1s poured

into the mold from the top, hence during the entire pouring and
subsequent crystallization the upper part of the cwsting has a
higher temper.iture than the bottom part. Thus there are created
reliable conditions for successive directional crystallization which

FID-TT-61-219/1+2 -2-



prevent the formation of shrinkage cavities in the c¢asting body.

This is a considerable advantage . the above gating system,

e/

bl
Fig. 1. Pouring metal into according to the top guting system.
, a) beginning of casting b) mean time of casting c¢) temperature
discribution over the casting height.
On the other hand, the liquid metal poured from above splashes,
catches zir, forms air pockets, and o2xidizes intensively. 4s a result,
castings contuing® non-metallic inclusions, and in the case of

magnesium zlloy mey even burn up.

Such a pouring of metal into molds is possible only in the

FTD=TT-61-219/1+2
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case of aluminum alloy poured intb molds whose height does not
exceed 150 mm, For magnesium alloys thils method is inapplicable,
wik
For the carce of casting large-size parts "' magnestum

alloys interesting us the above method has obviously to be com-

pletely excluded.

Pouring iMetal into kjolds According to the Lower Gating System (Fig,2)

This method ensures a relatively even filling of molds and,
hence, eliminates the possibility of non-metallic inclusions in
castings. This affords a considerzble advanta<ce over the method
descfibed garlier. On the gki other hand, this pouring method has

substantial drawbacks,

Fig. %. etal voured into molds according to the lover g-ting
- b -
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systeki; a) beginning of pouring. b) mean time of pouring

¢)temperature distribution over the height of the casting.

a) At the beginn;ng, owing to a considerahle hydrostatic
head, the pouring rate of the metal is falrly high, and if the
gate is close to the opposite mold wall the metal hits this wall,
there occurs a fountain effect, air is caught and the metal
ox¥dizes. If the opposite mold wall is far from the metal gate
then, owing to the high initial rate, there occurs " outrunning",
i.e., that ®f part of the metal advancing at a higher velocity
penetrates deep into the mold, oxidizes from the surfuce and finds
1tself disconnected with the main metzl flow which reaches it after
a certain time., As a result of such a phenomenon cold shuts form
in castings(l).

b) The necessary thermal conditions are disrupted since the
hottest metak is in the bottom part of the casting while its tem-
perature in the upper part is lower (see Fig. 2¢), as a result of

which shrinkage cavities form in the castinzs. In order to avoid

(1) T.I. Orlova, "Investigating the flow rate of wetals in mold
channels", épansactions of the First Conference on the Theory of

Casting ProCesses, Acalemy of Sclences of the USSR, 195¢,

-5-
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this, 1t is possible, for example, to thicken gradually the
parts from the bottom to the top removing subsequently these
technoldlogical allowances by means of mechanical processing. Yet,
this 1is not expedient since the metal flow increases abruptly,aﬂw‘
crystallization 1s slowed down especdally in the top portions of
castings, $his leads to grain coarsening and a corresponding de-
terioration of the meschanical properties of alloys. During pourlng,
y .

magnesium alloys may catch fire owing to‘ﬂconsiderably increased
thickness of the casting walle,

The above circumstances prevent the utilization of the lower
pouring method for casting thin-walled large-size machine parts

wH

magnesium alloys.
asiesed
A certain improvement is by the use of bottom pourlng
of metsl followed by 2dditional pouring of hot metal into the
vent. Yet, this method is also not appliczble for casting thin-
walled vnarts of considerable helght since i1t brings about defects
characteristic of both the top and bottom metal pouring.

The advintages of ton and bottom pouring are best combined in

the case of a gating system called the vertical slit system.

Pourinz ‘etal into Ilolds Accordipng to the Vertical-Slit Gating

- 6 -
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System (Fig, 3)

Fig. 3. Pouring metal into molds according to the vertical-slit
gating system. a) beginning of wasting b) mean time of pouring
¢) temperature distribution along the height of castings. 1. casting
Z. plt 3. sprue 4. vertical slit.

The portion of the gating system hetween the pouring busin
znd the inlet channels into the plts represents a converitional
lover gating svstem =,

The netal enters pit z shose rel:tively great diameter pre-

vents the 2lloy flowinz through it frox solidifing during the

« 7 -
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entire time required for filling the mold. From the pit the
metal flows through a verticzl slit 4 into a hollow forming part 1,
The size of the slit is such that the metal flowing through it

solidifies without holding as the metal level rises in the mold.

Since the level of the metal flowing throubh the slit rises gra-
dually each elementary metal layer lying higher in the hollow

f of the mold of the part has a higher temperature during cooling
than the layers lying below, i.e., there“.'formeékgftemperature
field churacteristic of metal pouring from the top. Thus, the

' el

’ necessary thermal conditions are - and successive crystalli-~

:
3
t
g . zation is #nsured.
%
Unier actual service conditions it is extremely difficult to
. regulate the solidification of the alloy in the vertical slit
v 4 »
without holding as the metal level rises in the mold in such a way
as to ohtain a correct operation of the vertical slit system. liost
frequently it operates either as the top or the bottom gating
. systen,
Such disorders in the operatlion of the vertical-slit guting

system are observed 211 the more frequently, the larger the cize

of the part being cast., Vhen ccesting parts with dimensions mentioned



Y e R NI R R S R

T B W e e g

it -

ST PO Rty oy v ey

3

R A

&bov?,these disorders and, hence,the defects caused by them/7”/

can practically not be eliminated, For this reason the above

method is also found to be impracticable for the solution of the

assigned problem.

ast iet ased o troducing the Liguid Vetal Direct

into lolds

Yaswum Suctiopn kiethod

\JQ\\én this cuse the dikguuidxm liguld metal is sucked into the
(1)
mold owing to the formation of a vacuum in it., (Fig. 4) .

can
Theoretically,this metho@Abe adopted for casting thin-walled

rarts of considerable height from magnesium alloys., Maximum suction

heizht H, i.e., maximum height of obtainable castings, is determined

by ithe {ormula

H=M 26000 wx,
Tx A9

where 760 is the height of mercury in the tube in the absence of

counterpressure, in mm;

(1) P. . Ksenofontov, Lit’ye metodom vakuumnogo vsasyvaniya (Cast-

ing according to the method of vacuum suction), Lashziz, 175-.



3
15,6 is the specific weight of mercury, in g/cm ;

€

}7% is the specific weight of liquid magnesium alloy, in g/cﬁ

As a matter of fact, owing to intensive heat reroval through

the lateral walls it is difficult to raise the metal to a con-
siderable height, and hollows form in the case of small wall
thickness, hence the real maximum height of castings obtainable

% by this method is considerably less. High fillinz rates excludex

hollows but bring zbout turbulent flows which , in turn, provoke

g

non-netallic inclusions. %hen utilizing the above method there

is no danger of shrinkage cavities since the crystallization pro-

wa g R e b

. cess takes place successively from the top to the bottom., Despite
the advantages mentioned above, hhis method is equally inapplicable
‘ for casting - magnesiun alloys large-size parts whose helght

attalns 2 m,

- 10
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Tig. 4. Principal scheme of vacuuri-suction casting. 1. crucitle
<+ mold 3, liquid alloy 4. rubber hoses 5. vacuum depth regu-

lator 6. vacuum cylinder 7. viacuum pump.

Low~-Pressure Casting

Low-pressure casting differs from other methods in that the
licuid clloy in a hermetically sealed crucible is fed into the mold
through = steel duct under pressure exerted on the alloy surface
by un in-rt ;us (argon) or compressed uir, Pressure in the cru-
cible incrcases proportionally with the resistances encountered

by the .11 .y in the holiov of the mold.

- 11 -
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Inherent in this method are the same drawbacks characteris-
tic of the vacuum-suction method, hence it 1s also inapplicable
for the production of large-size parts,

Thus, utilization of the masting methods described above
does not afford the possibility of obtaining castings having con-
siderable heights and small wall thickness.

Such parts can be caste according to a new method called
the method of directed successive crystallization which combines
successfulleadvantages of upper and lower metal pouring without
having their disadvantuges.

The lethod of Directed Successive Crystallization

Essentially, the method . in that during casting the
liguid metzl pours into the mold through sprue tubes, The mold is
lowered while the sprue tubes are stationzary, o%ing to vhich the
liquid metal fills continuously overlying portions of the mold.,

The moldsx begins to travel downwards at the _.oment where the
bottom of the sprue tube plunges 50-100 mm into the metal, and
during the entire period of casting this position 1s maintalned
uniltered, i.e., it is as though th.re were a closed trunsfusion

ol .etul.

- 12 -
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From the pouring basin the ligquid metal passes through the
sprue tubes into the mold receptacle;7;£d then)as the level rises/
it flows through the slit gates directly into the hollow of the
mold,

The motion of the metal in channels of constant height formed
by tubes cén be compared with the motion of the metal in s sprue
of a lower gating system where a cascade extrusion of the metal
cannot take place.

inother great merit of this method consists in the possibility
of regulating the feed of the - into the mold. This fact enables
us to fight turbulent {lows =2t the sprue outlet. Plunging the
bottom ends of the pipes below the metal level in the mold is an
additional means mf for {illing molds fairly steadily and obtaining
castings vith neglible amounts of non-metallic inclusions. However,
the melt pours into the mold almost at the level of the cast netal
surfice and as this level rises the ligquid metal inlet contiﬁsusly
chinges its pluace as well, It follows thuat, like in tihe cace of the

uprer gating system, a temperature increase of the custing retzl

is ensured in an upvard direction und, hence, a successive crystulli-

s.tion,in the =.:e direction.

A

- 13 -
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Fig, 5. Baslec diz ram of an installation for cisting according to
the dirccted successive crystalli.ation method. 1. mold %, casting
8. slit gates 4., vertical pits 5. sprue pipe 6.. pourinz hasin

7. openings 1n the pouring basin ¥, stopyer 9. gas burner 1¢, pull-

broicning device 11, pouring hasin supprorts.

- 14 -
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ihe directed successive crystalization of masting is the
w
basic merit of the azbove method.: eliminates the formation of
shrinkage cavities and requires almost no vents. Finally, con-
tinuous {eed of liguid metsl to the surface line eliminates the
formation of cavities and makes it possible to produce castings
af unlimited height,

Below we give a more circumstantial description of the directed
successive crystallization method,

4 mold (which may be made either of sand or metal) (Fig. 5)
contains vertical pits 4 traversed over the entirea height of the
purt by gate slits 3 with a thickness of 4-7 mm.

The assembled mold 1 1s placed on the plat{orm of the pull-
broaching device 10 whicih has a hydraulic o; mechan£0&1 drive.

Above the mold, on speciali supports 11, a pouring basin 6
(made of welded steel sheets or cast) is placed in such a way
that its holes coincide exactly with the mold pits.

+he holes of pouring basin 7 are sphere-shupged and closed

by sohere-shaped stoopers 8.The hottom end of the sprue tube

rezches to a distance of 320-50 mm from the bottom of the pits,

- 15 -



4 gus burner @ is set up around the Pouring basin, This
w .
burner heats the basin xntinuously prior tolcastiné}ggd duriné)
i&jT;ge sprue tubes are also heated either in a speclal furnace or
directly in ®e the mold (electric hexzting). Casting is effected
M Mene

from the crucibles by means of a

%hen the pouring basin is filled with metul the ball stoppers
are removed and the metal pours through the sprue tubes into the
pits and from there through the slit gates into the mold,

4t the moment when the system is fil;\and the bottom end of
the sprue tube plunges into the metal for 50-100 mm, the mechanism
lowering the pull-broaching device is switched on.

The rate at which tie molds are lowered must be minimal, In
the 1dezl case it equals the linear crystailizztion rate of the

casting along its height.

Pcuring of Liguid ¥etal

Liquid netal can be .poured into the molds by different methods.

- 16 -



Fig. 6., Standard methods of pouring liquid metal into molds.

Figure 6a shows a method of pouring metak directly into the
body of the casting by means of four tubes, This is possible when
the custing wall is sufficiently thick to contain plpes, Fig. 6b
shows how to pour :retal through tubes into special ribs which are
subsequently re.oved. This method is more successful and should be
usedl where the design permits it. The ribs are some kind of zn
~ddition .nd add metal to the most heated parts of the cuasting at
feed points.

- 17 -
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Tigure 6 ¢ illustrates how metal is fed through special
pitz and vertical slits from the outside, while Fig, 6 d shows the
same from the inside.The latter method reduces conssderably the
dimensions of molds but is inapplicable if the shape of the inner
casting surface 1s complex.
Metal Regeptacles with Drains

letal receptacles or drains 2 serve to isolate the first
portions of liquid alloys. he volume of each receptacle ghould
be equal to one or two volumes of liquid met=l contained in the
tube. There may be individual receptacles for each sprue tube 1
or common receptacles for all tubes; the latter verslon 1is

preferable.

NLOEO ¢

, N

W N

BN Y | 2
N

Y,
_F 7

'''''''''

Fig. 7. Custing rold with metal receptacles.

- 18 -



See previous page

Fig. 7. Casting mold with metal receptacles.

Metal receptacles in the lower metallic slab of the mold
should be so designed as to prevent interference with free casting
shrinkage and the formation of trﬂckq‘?’—

Figure 7a shows the incorrect design of « metai receptdacle
since it is rigidly Jjoined with the stool 3 thus interferring with
shrinkage during the crvsta’lization meeessx process.

Figure 7b shows the correct design, Here, a damper £m 4 1is
provided in the form of a sand or earthen shutter w.uich is eusily

removable during crystaliization and shrinkage of the casting and

- 19 -

—_—T



e T ——— ] s e DT e

does not bring about additional stresses or cracks in the casting,
In the case where the metal receptacles touch only the inner
drawback of the mold without penetrating into the stdol no special

dampers are required.

In order to prevent premature solidification of the metal

while it flows through the sprue tubes, special measures have to

be taken, such as heating the tubes #p to 700-800°,

Preliminary heat-up of tubes. ©Sprue tubes are gas-heated

outside the molds and pkaced into them immediately prior to casting.
As already noted, the main point of this method consists in

the fact that the rate at which the mold mounted on the table of

the pull-broachins device is lowered must approach the linear

Y

crystallizationAof the casting along its height.

In order to fulfill this condition the gquuntity of metal

flowing through the sprue tubes must be small, i.es, the diameter

of these dubes must be small (12-16 mm),

lateral
Since for tubes with such a diameter the relative mxtupal

surfuce is sreat, the metal floving thr.ugh them ccols rapidly.

For example, at a2 casting tenperature of alloy LS of 760-780°
- 20 -



and the diameter of the tube heated beforehand in a gas stove
equalling 12 mm the metal solidifies if the sprue is 500-600 mm
long; with a dismeter of 14 mm itxcsolidifies with a length of

800-900 mm, and with a diameter of 16 mm it solidifies if the

sprue has & length of 1500 mm,

This tsakes place because during the time interval between

the withdrawal of the spure tubes from the gas stove and the

instant of casting (3-5 min) they cool off rapidly owing to the
small thickness of the wall (1.0-1.5;/mm) , and preliminary heating
is 1little effective,
Thus, prelisinary heat-up of tubes is expedient only when
casting low molds, whereas utilization of tubes with small cross
‘ sections for casting parts 2000-3000 mm high must be excluded al-
together,
Utilizs.tion of sprue tubes with nipples, In this case, as
1 sprue we utilized steel tubes with a dlameter of 18, Z0 and 22 mnm
: «nd more. The hisgher the paat, the greater the regquired cross section
of the sprue.
In order to regulate the metal flow,a nipple with a hole is

/)

inserted up to 10-15 mm in the bottom tip of the tube, It 1is the

- 21 -
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diameter of the nipple hole to deternine the liquid metal flow
during a time unit when pouring from the sprue.

In this case the metal in the sprue does not dolidify since
above the nipple there 1s a large volume of liquid metal and the
relative lateral cooling surface is considerably reduced.

The

Grzaphite nipples/tightly incerted ithubes after the flrst
castingjis "'welded" to the surface and adheres guite reliably.
Prior to ezch casting its hole is checked by an appropriate gauge
and in the case of deviations from the assirned dimensions the

nipple is re;laced by a new one.

Utilization of sprue tubes heated eleetrically, Figure 8

shows two systems of clectric heating of sprues which are actually
utilized in production today.

According to version I, from a reducing transformer with a
power of 75 kw, a voltzge of 24-30 v and a current intensity of
200-400 a the current is fed to the bottom tips of the tubes by
means of steel conductors wkth individual terminals, 2nd to the

top ends of the tubes - through the body of the basin.

- 22 -



Version I VErlion X1

Fig. 8, Diagream of electric heat-up of sprue tubes i

The mobile steel rod is held by £liding insulsators, hence it
does not Boin with the sprue tube, This =zllows t;e tube to expand
sduring heating. The device is clearly seen in the figure.
dccording to version II (Fig. 8) the feeding conductor 1s

the outer tube. Insulation is provided between it and the sprue

tuhe, - 23 -
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For the rest, the heating principlé is the same as in version I,

Such electric heating systems were tested on sprues with an
inner diameter of 12 mm and a height of 2500 mu, They proved to be
worth while for operation. The sprue tubes are heated for 1-Z min
up to 750-800°. This ensures constant temperature of the liquid‘
alloy during its flow through the sprue and eliminates the possi-
bility of a premature solidification,

The sprue tubes can be made of steels of any brand.

VWhen using electric heating, steels with high ohmic resistances

are desirable,

Some “+heoreticzl Pretmises for the Planning of Technological

Castling Processes According to the New [ ethod and

Practical Interferences

In order %to plan correctly the technologiczl casting rrocess
mne
nccording to the directed susesessive crystallization mthod we must
solve problems connected with thermo-physiczl and hyrdrodyhamic
phenomena occurrins during the casting of liquid metals into
rmolds.

Vhen pl.nning tlie casting process unier investigation, in

-2 -
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particular in the case of magnesium alloys, one should proceed
not from the thermal processes but from hydrodynamic calculations
connected with the rat%[} flow of diquid metal at the outflow from
the  " tubes and the rate at which the metal rises in the mold,
Thermal calculztions must be carried out for checking,
Serviceable castings with no slag inclusions can be obtalned
ohly
/under specific conditions of filling the molds,
¥When pouring slloys into molds with the 2id of sprue tubes
we have a hydrzulic scheme of the outflow of the liguid from the
large ‘container (pouring basin) through a smzll hole in the bobvtom.
This corresponds to the formula for metal [low
q=pe1V 28, A 16
where q ig the fluid rate of flow in g/secy
v/b-is the flow rate factor;
@ is the crosse-sectionzl area of the tube aperture, in cm ;

e

Y~ is the specific weight of licuid alloy, in g/cm ;

g 1is gravity acceleration equalling 10 cm/sec ;
h 1is the tube height, in cm,

Nunmerous tests were conducted in order to determine the

flow rate coefficlent and the specific rate of flow ¢ in the

2

- 25 -
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case of electriczlly heated sprue tubes.

It was established that the flow rate factor increzses as
the cross section of the tube increases, and drops as the sprue
height grows (all other conditions being equal). Thex specific
rate of flow changes in a similsr fashion.

The tests were donducted with a special model with water
and liguid alloy ML5.

Figures 9 and 10 show the characteristics mentioned above for
the most generally used sprue tubes in accordance with their height
and cross secticn, while Table 1 gives the cpeci{ic rate of flow

of liguid alloy L5 during the casting of various parts.

"
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Fig. 9. Depen-ience of flov rate factor cn the dlareter ond
.el:ht of sprue tubes Bor allcy lLiL5. afﬂflow r.te factordfu H
b) tube aeight, in m.
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Specific rate of flow g (in g/sec) of liquid alloy ML5 during

outflow from electrically heated sprue tubes, according to service

data,

b) A
a) Bucora Yaeasuuit pacxox s z/cex ;pu aMaseTpe TPYOOK-CTOSKOB B N
TpyOkH-CrONK2 :
, ¥ 7 12 14 16 18
1000 352 479 S35 -
1500 - 728 1025 1392
2500 - - 710 1068 1535
3500 - 683 1524

1191

a) height of sprue tube, mm, b) -pecific rate of flow in g/sec,

dizmeter of sprue tubes in rmm.

It was noted earlier that calculztions of the technological

casting process should be based on hydrodynamic characteristics

since the quality of the casting dppmeds depends in the rirst

plice on their correct choice, esvecially in the case of aluminunm

and ragnesium slloys.

- 27 -
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Fig. 10. Dependence of specific rate of flow on the diameter and
height of sprue tubes for alloy i#L5. a) specfiic razte of flow in

g/sec b) tube height.
Nunierous tests conducted with samples and worzing parts
estublished that slagzing of castings depends only on the rate
«t vhich the mwetal rises in the mold, exc. pting those cases vhere
initial $#lags fror the metal get into the castings.mjor—
=

of camdeny

m.itionAsl.Lgs on «iuminur. and me nesium =:loys results [rom the

- 28 -
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oxidation of the metal while filling molds during its turbulent
flow in the mold where there exists a possibility of interaction
with the oxygen frgm the zir.

Thus, formation of secondary slag inclusions can be avoided
only under such conditions ¢ < %€ -  in the mold where tur-
bulent flow cannot occur,

It ensues that there exist some critical velocities of the
rising of the metal in molds which, when exceeded, bring about
turbulent flow and crezte favorable conditions for enhanced oxi-
dation of the alloy and formation of secondury slags in the form
of magnesium oxide 1nclusions for magnesium alloys, and aluminum
oxide inclusions for zluminur alloys,

This critical velocity is determined by the heynolds nurler:

Re> &2,
(1)
where v is the critical velocity at vhich the metal rises in the

mold, in cm/sec;

R is the hydraulic radbus, in cm;

Lo}

L.
% 1s the kinematic viscosity factor in cm /sec

—

¢ A 19
- 29 -
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where“fc is the dynamic viscosity factor in g sec/cm‘;

-~

]
@ is the density in g/cm

According to formula (1) U= ":‘;v >/$"7s"% m../m .

R
For magnesium alloys with t = 780° A = 0.007 cm / sec. 7a;*t
v;;fégcudamz (=)
) veloclties
For the calculation of critical welweisitex at which the
metal rises in molds of a specific shape the latter expression can
be transformed keering in mind that R = F/A,
<
where F is the flow area in cm j

A 1s the wetted perimeter in cm,

Tor exanple, for a cylindrical cross section with a wall

thickness S
Fm=xdS, A=2=zd.
* B 19
Then s S
R="t™7"
(2)
Substituting (2) into (Z) we obtain
8.12 (4)

< —'§- cnjcex.

Trorr the above theoretical czlculations it ensues that critical
velocity 1s aflected only ty the thickness of the custing wzall, is

this increucscs, the criticul veloclity at which the metal rises in
- 30 -
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molds must decrease,
The above theoretical explanation of the process of filling
molds is in good agreement with works on the casting ol service

recompiendable
parts from alloy ML5.The/eritical velocities at which the metal

. rises in the mold devending on the wall thickness are tabuluted

in Table -.
$able 2
Critical velocities at which the metal rises in molds depending on

the thickness of casting walls,

‘»_> ‘l’o:nmuctemn:x’ 3' 4‘ $

2

l;) Kpwensecxas cxopocta
B Mylcex

-

a) wull thickness in mm b) critical veiocity in mm/sec.
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e uence in Calculating the Number of fprue Tubes and their
Dismeters

In order to determine the amcunt and the cross sections of

sprue tubes we first determine the casting time Tmf-proceeding

from casting height h and critical veloclity v
crit

* wt ™ g S

Once we know casting time C_ ¢ and the total weight of the
casting p, we deternine the overall rate of flow of liguid metal
through the ull of the sprues;

Cet

The nunmber of sprue tubes n is determwmined from the design.

Then, the rate of flow of liquid metal during outflow through
each tube is

q = Q/n g/sec,
Then, using data from €ibles and diagrams, the diumeter of

the sprue of the tube 1s chosen in accordance with 2 certain tube

height and the calculated rate of flow.
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Bagsic Advantages of the Directed Successive Cristallization kethod

The new casting method makes it possible to @btain workpieces

of considerable height with an equal wall thickness (4 mm) which

crkd et

before - " be caség; one piece. As a rule, there

is no anisotropy,of properties since formation of thin-walled
castings takes plzce at all sections under identical coniitions

vith sufficlent feed. Results of the investigation of the mechanical

H
i
[
4

propeeties of specimens cut in any direction from large size parts
. cast according to the xmbk ubove method from slloy ML5 are txbuluted

L in Table =,

Table 32

tlechanical Properties of Specimens Cut from Parts

a) . Xapaxrepucrika !b"lo v *) Maxtuveckn
d ) Mpeiea mPOINOCTH WPM pacTaMenun s xz/u? / 16,5 18,0—21,5
e) [Tpe1ea WPOYNOCTH HPH CXATHN 8 X2[Mu® 16,5 30,0-39,0
f‘) OrHocHTEIDNOC Yaanmenue 3 % . 3,0 5,0-7,0
8 ) [ipeied TeKy%ecTn mpN PACTANCNNR § Kz/Mu? 9,0 10,0—12,5
‘ h)  fipezea vexywectit npw cxatun s xz/xxul 8.0 10,0—13,5

2) churucteristic h) iccordint to TU e¢) zetually d) ultinute
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2 &
tensile strength,in kg/mm  e) ultimate compression strengtb,in kg/mm

f) relative elongation,in % g) yield point when stretching, in

kg/mm h) yield voint when compressing, in kg/mn .

Tests of constructions with cast parts hauve shown their in-
creased strength as compared with assembled or welded comstructions.
During static tests fallure set in under loads exceeding by 20% and
more those estiblished by technical specifications, Switching pro-
Auction to the casting method reduces labor input of mecnanical
. treatment by one-half or two-thirds and increases the utilization

factor of the mekhed metal up to 70-75%, i.e., more than fourfold
as conmpared with welded or riveted constructions., {inally, con-
Me (73

structions with cast narts easier mur be herrmetliecally

sealed than assembled ones.

-3 -
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Filg. 11 Zeginning of casting.

Ball stoppers preventing the metal from pouring prematurely into
the wold are installed on a crosspbece in the pouring basin,., The
electric wiring for the heating of sprue tubes is visible. The mold
is secured to a pull-broaching device teneath the pouring basin.
Casting is effected from a speciul platform by riewns of a bridge

crone,

The follovinz fizures show the basic stages of the technoelogical
process (Figes. 11, 1., 13) .nd stondard casting nachines (Fies. 14,

15).
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Fig. 12. Half tine of casting, The mold has been slightly lovered.

The sprue tubes and the pouring iasin are visible,

fig. 12, End of casting. the mold hx«s been lovered into the vindow

oflghe rmiachine u.nd the sprue tubes hove cuie out from the pits in the
1.0
. - 36 -
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Fig. 14; Casting machine with hydraulic drive .

Fiz. 15, Casting macuine with mechanical drive,

- 37 -
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GSURE CASTING AND ITS HYDRODY

V. Y& Tarutin and Ye, S. Stehukov

Nomenclature

V L,V ,V
Xy 2

Y v ¥

velocity components directed alongthe coordinates
X,¥sy2, in cmfsec;

s
pressure at a given point of the flow in kg/cm ;

<
dynamic viscoeity factor in dyn x sec/cm ;

kinematlc viscosity factor in cmz/sec;
casting wall thickness (or cross sectionil height
of the casting hollow in cm);
1ength4» casting, i.e., length in the -ﬂ.irection of
the flow of metal during pcuring into the mold,
in cm;
casting vidth, in cm;
me 3
liguid etal flow, in cm /sec;
mean cross sectional flow velocity, in em/sec;
tine in sec;
ve.ocity component of the fluid @lovin~z on a

plane diffusor along the radius-vector r waich

coordinates point I' on the vlane, in cm/sec;

- 38 -



“q, - velocity component in the diffusor direct:cd
along the norm.l towards the radius-vecsor ?,

in cm/sec;

ol - angle of dip of the diffusor, in degrees;

/Q - angle of slope of the fixed diffusor wall (or

fixed matrix of pressure casting macuine) in

degrees;

P

Qp- angle between radius-vecctor T and the fixed
diffusor wall, in degrees;

. g and ?rr - gravity acceleration components directed along
radius-vector r and a line vertical to it, in
cm/secn;

& - angulur velocity of the motion of the mobile
. diffusor wall, in 1/sec;

Re - Leynolds number (dimensionless);

@ - mass density of any medium, in kg x sec /m .

-39 .



P

R

Some Fcomomical and Theoretical Premises of the Process

Casting is one of the most economical methods for manufac-
turing parts of the most varied shapes and dimensions. Yet, until
very recently there existed no casting uiethods which would make 1t
possible to cast thin-walled large-size parts.

4

The difficulty of obtain thin-walled large-size castings
consists in the first pl:zce of the fact that it is diificult to
fill with molten metal hollows of molds whose cross section looks

(1)
like narrow slits with great length .

In the case of conventional casting the hodlow of molds is
filled under the pressure of the liquid metal contained in the sprue
of the gating system. Thc potentlal pressure changes into kinetic
energy of metal flow in the channels of the gsting system and the

hollow of the mold, It is also consumed for overcoming hydraulic

resistances arising during motion in these parts of the mold. }t:3”

(1) In the ziven casg/length is the size of the casting in the

direction of the netal flow filling the hollowv of the mold.
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It has been esiablished in practice (and also proven
theoretically) that it is not expedient to increase the height of

sprues in gating systems beyond 800-250 mm since this does not

increase the flow rate of the metal in the hollow of the mold.

Flg. 1. Cross section of & mold for casting flut thin-walled pznels.

tVhen casting into conventional molds, about 307 of the pressure
is used for overcoring hrdraulic resicstances in the channels of

arout 70% is transformed into velooity head

[ g
of the li~uid metal flowingAthe hollov of the mold; recdistances in

[

the gating system, zn

it

the hollow of the mold are disregarded.Such z si.plification is

fully ad.issible rince v.icn c.sting large-size prarts thetr »e&&—sr’
- 41 -
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wall thickness 1s nover less than A4-5 mm; the metal flow rate

in the hollow of them mold is small in this cawe and hydraulic
iosses.ére negligibvle.

Yet, as the thickness of the casting wall decreasés and its
length increases, the hydraulic losses rapidly increase and filling
the mold with metal becomes mare difficult.

In order to find out the degree of intensity with which
hydraulic losses increase in the hollow of molds depending on
decreases in the thickness of the wall of the cast part in the case
of casting thin-walled lurge-size parts let us investigate by
hydrodynamic riethods the process of filiing molds.

Let us assume that in the sand wold shown in iz, 1 a flat
thin-walled panel is cast according to the usual wethod (i.e.,
uniler hydrostatbc pressure from the sprue of the gating system).,

After passing thoough the gating sygtem, the molten metal
fillis the entire cross section of the hollow of the rold and moves
forvird in 2 continuous fiow over its entire width., Jurin<z the
filling of the mold the metal flow obeys the lavws of rotion of
viscous fluids flowinz horizontally between tvo psrallel walls.

L.t us deternine the dependence of the wmagnitude of lLiyaraulice

p 42 -



losses during the flow of molten metal along the hollow of molds
on the wall thickness of the casting part. To do this we select

4 coordinate system in such a way that the x-axis runs in the

smme direction as the flow and coincides with its axis., The z-axis
is perpendicular to the x-axis and the y-axis is perpendicular to
the plane xz.

To simplify the problem let us regard tine metal flow as iso-
thermal, i.e., that we assume that Zuring the entire time required
for filling the mold the metal cools off very slightly and its
viscosity remains constant, The retal flow in the cross section
investizated is considered plane-parallel snd steady., Then the
acceleration projections on the coordinate axes equal zero and
the velocity components of the y-and z-axes also equal zero.

Let the point M pluced at a distsnce z from the xaaxls have
the velocity v (Fig. 2).

X

Taxing into account the assumptions nentioned z2bove we can

write

v = f(z).
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We set up a system of differential eguations for the motion
of the flow under invedtigation and solve 1t with rezard to v .
X

According to the above assumptions this system takes the following

form

P Pox (1)

w st (2)

vhere zzf? is the pressure gradient along the x-axis;

%;L is the pressure gradient along the y-axis;
f)L is the gressure gradient along the z-axis;

V/L is the dynamic viscosity factor.

The continuiﬁy equation takes the form

Dos 0. (4)

Iz
It is seen from Equations 1, &« and 2 that vressure at any

point of the flow depends only on the variable x.

We write Bguztion(l)as

1o ¥,
pdx 2’ )AL

After integrating it twice, we obtain
1 9
O o ox 24-Az+4-8, (5)

vhere » und B are the arblitrary constants determined from houndary
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conditions.

oMLl L L L L L LLLLLLL,

s +h M‘TUJ

x
1 -h .
'c:’/;;;/;:;;;I;:::::;/

Fig. 2. Coordinates for the sclution of the prcblem rrluting to

hydrzulic losses in the hollow of molds,

Fig., *. Parnbolic law of the 49is:ribution of velocities over the
. - 45 -



seftion of the metal {low,

Since owing to friction the velocity at the mold walls equals
zero, the boundary condition according tox the diagram shown in
Fig, 2 are as follows: 1) with z = +h v = 03 2) with z = -h v =0,

X X

By substltuting these guantities into equation 5 we obtain

B 27
B=—192 p2 A0
p Ix
Hence
=l 0P (g3
'08 a 0: (h - )v ié)

where «9-& is the pressure differential in the flow for friction.

This formula satisfies the boundary conditions and expresses
the parabolic law of the distribution of velocitles over the cross
section of the flow (Fig. 3).

Once ve know the law of the distribution of velocities over
the cross section of the {low the pressurel/di‘fferential in the
flov cun be rezdily expressed as a funection of the lisuid {low
per cecond und the thickness of the casting vall 5 .

From the course of hydraulics we know that

4a
Q-bj v dz,
-8

vhere v = £(z);
X
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b is the flow width or the dimension of the casting in a direction
perpendicular to the drawing plane (see Fig. Z).

If we substitute into this egquation the value v and 1htegrate,

X
we obtain
P 8
— 0 4
Q w.axh'
whence
92 . 3Q
ox  20A%°
(7

Taking into sccount what was mentioned earlier, the pressureJ//
differential can be expressed as folliows;

— _n—p ¢ z8
ox t "’
wvhere 1 1s the lengta of the casting.

From « physical point of view this is nothing but hydraulic
losses or energy losses of the f!ow during its motion along the
hollow of molds.

In order to determine the rate of growth of these lozses with
continuously
a/eamxkantlty decrezsing czsting wall thickness and its constant
dimensions 1 und b ve re recent 2L &8 u function of the custing

*

wall thickness J>-after h.ving transformed formula 7 beforehund.
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From Flz, 2 it is seen that *‘l»—-é-’ hence
r=. D 28
. 8
As is knovn from the course of hydraulics, the 1lijuid flow Q
per second eguals the product of mean flow velocity v nultiplied

mean

by the flow cross section St
AQ=.‘”cpS~ E 28
In the case ;anes’r;igated, i.e., in the caszon steady flow, Vv
mean
can be expressed by the path length (in our case by the casting
length 1) and the time of motion of any point on this path (i.e.,
in our case, the time required for filling the nold) }/
 Oym F 28
The cross sectlional areaz of the flow is expressed by the
custing width b and the casting wall thickness &
S=23b. A 29
Taking this into account, formula 7 can be written as
"n ' < 12.%(%)'- (8)
In order to reiresent the rate of srcwth of hydraulic losses

in the hollow of molds with decreasing casting wall thickness it is

enough to plot the curve of pressure differentials at the inttial
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and terminal points of the hollow of the mold as a function of the

casting wall thickness:

Pri—Pr=f(3). R 29

In order to plot this curve let us assign any value to the

length of the casting 1n &he direction of the flow 1 and an initial

value to the casting wall thickness 4: .

8

00 \\
*!5:; Graph pl— p = £ S ).

It is seen from graph p - p = f(éy) that with a casting
l ~y

K

wall 6, 5 und 4 m. taick hyiraulic losses in the hollov ol the mold

are negligible and the rite of growth of the losses when passing

from 6 to 5 mn und from 5 to 4 mm is infinitesimal, for this reason,

- 49 -



Let 1 = 500 mm and J; = 6 mii. In order to simplify the

problem we can assume the multiplier /)—‘%’ in formula (6)

to be a constant gquantity equal to a certain value of K.

Function Pi= P> =f(f) has the shape of a parabola

with one branch asymptotically approaching the ordinate.

e o B g

T 2 e S IR s w0
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in conventional casting where the ratio I/J’ does not exceed 60-80
losses in the holliow of molds as compared to losses in gxting
systems can be disreparded with an zccuracy sufficient for prac-
ticul purposes.

When c¢asting thin-walled large-size parts where the ratio l/J’
can attaln several thouzsands, the losse$ in the hollow of the molds
increase $everal hundredsmiof times and can therefore gza not be
disregarded. In order to overcome the resistances and obtain a timely
filling of the hollow of moldsy castihg of thin-walled large-size
parts requires high pressures.

in

If we bear in mind that the cooling rate of the metal & the
rold increases rapidly as the wall thickness decreases owing to
vhich viscosity of the melt strongly increases und its solidification
veeurs rapidly it tecomes evident that molds enabling to cast thin-
walled lurge-size parts cannot be filled by means of conventional

casting procedures.,

favs of wolving the Problem of Thin-Valled Large-Size “astln:s

according to the analysis given above one of the fuctors
renderin; difficult the casting of thin-vwalled nunels in conventional

molis is the rwpii inerease of hydraulic ‘orses vith decreusing
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casting wall thickness and the impossibility of fi1lling the mold
before the metal begins to solidify in it., Lence, in order to
\

solve the problem of obtaining thin-walled large-sire castings we
mus. find such methods of filling the hollows of molds where
hydraulicx losses are minimal.

Hydraulic losses in the hollows of molds can be reduce?f:
the following ways.

1. Smoothen the mold walls and reduce counterpressure of the
alr by pumping it out beforehand from the hollow of the mold.

<. Pour overhe.ted metal into the mold in order to mdure reduce
viscosity of the melt, and heat the mold to the melting .point
in order to prevent the growth of viscosity of the relt znd its
solidification before the mold has been compl.tely filled.

%. Design maci:ines for pressure casting at pressures required
to overcome resistunces arising in slit-shaped hollows of molds
of assigned dimensions.

4. Desl:n such molds which could be filled by flows with a
large cross sections, pour out the metal excesses utilizing thin

crusts for the formation of the body which crystallized on the

mold » ills.
- 52
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5, Pour metal into the slit-shaped mold from the top only
to a depth which ¢an be ensuredby the pressure of the sprue of
the gating system, then bulld up the mold by an identical quantity
or continuously displace downwards the cyrstallized casting.

The smoothening of mold walls and the creaztion of a4 vacuum
in thke hollow ure unable to reduce appreciably the hydraulic losses
arising from friction inside the viscous flow between individual
streums.

Heating the molds to the terperzture of molten metal does in-
creace its cupucity of being filled with melt., In this case the
metal does not crystzllize on the mold walls during pouring -nd
does not increase the tesistunce on account of increased melt
viscosity and decreased through cross section of the mold,

Yet, by heating molds to the melting roint we create conditions
where successive crystalli-ation in the direction from the mold
wi1ll to the center of the casting cannot occur, and the cast purt
is of low 7u~lity owing to the formztion of = maerocrystzlline
structure ol the cisting body and shrinkige porosity.

+hus, of the i"lve ncthods of casting sctal into molds only

three are sufficlently e fective: increzsin: the purameters of
- 53 -



pressure casting machines up to values reguired for filling

101ds with great hydraulic losses; partial filling of molds

with continuous displacehent of the solidified portion of the

casting; creation of molds which can be filled with flows with
. cross sectlions larger than that of the casting part,

In our country casting of large-size thin-walled parts is

being performed according to all of the three methods. Specilal

machines for pressure casting are designed and constructed.

(A variety of this method is represented by casting with the
aid of controlled low pressures). We also perform cuasting with

top~pouring with continuous lowering of the cast part, i.e.,

R I KPAIADANT 1 By f
[ 3

cisting according to the successive crystallizution method.
! ' the filling of
: Vie pour metdl into opening-up molds which enable Wplidir
“ thelr hollows with flows whose cross sectlions are riany times
grexter thun those of the cust parts., This method was projosed

in 1751 by Engineer Ye. S. Stebakov who called it "stripping

. cisting".

Pripnciples

"Stripping castinz” 1s a basically new technological orocess.
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Casts are formed not as a conseqguence of solidification of the
metal poured into the mold, as in the case of conventional
casting, but in a completely different fashion,

It consists of two stages:

1. The stage of Tormation of casting nmaterial in the form
of two thin crusts forming on the mold walls during its filling
with molten metal.

2. The stage of cast formation by the combination of two
thin crusts intc one whole - & thin-walled large-size casting.

The nmold is constituted by two flaps of the casting-stripping
machine. 4 metal matrix and a sand core are sequied to the flaps.

Prior to the stripping process, molten metal is poured into
the bottom part of the mold called metal receptacle. Figure 5

shows the cross section of a mold during stripping.
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Fig. 5. Cross secticn of a mold for "strippinz custing”; 1. slsb
7. fixed flap 3. support 4. intermediate slab 5, sand core
6. material 7., luteril jaw 8, movable flap.

In order to preven the metal from flowlng to the side, two
side Jjaws are tichtly pressed by sorings aguinst the end walls
of the mold,

Stripoing begins with the displacerent of the metallic matrix
sceured to the nmov.ble flap towards the sand core installed on the
fixed flap.

while the matrix moves towards the core the metal 1s pressed
out from the rietzl receptacle and rises in a solid front over the

entire vidth of the matrix filling the hollov of the ~0l4,
- 56 -
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During the filling of the mold thin crystzallized crusts
form on the matrix and the core.When the matrix and the core
come closest to one another the excess of liquid metal is ex-
pelled from the mold (into a special hollow forming a technological
influx) while the crusts combine and form a thin-walled casting
whose dimensions are equal to thcose of the matrix.

+he movable matrix is displaced by means of a special device.,

Figureé 6 shows the cross section of a mold with electro-mechani-
cal drive which displaces the movable flap according fo a pre-
assigned law,

Pigures 7 and 8 show photographs of a custing and stripping
machine VL-1 in 1its open and closed form.

B& displacing the movable flap (matrix) at varying angular
velocities we can change the velocity of the metzl flow filling
the mol1i,

¥hen iiéplacing the matrix at i« constant angular velocity
the velocity of metal flow in the mold constantly increases, Figure
93 shows the variation curve cof the velocity of metal flov depeniing
on the . ) an;Z::t:;w en matrices when they acprozch one

wmother :t « constznt zngular veloclty.
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In this case, when the matrix stops there form in the metal
form huge #nertial forces capable not only of expelling the metal
excess from the mold but also to tear the cast which has already
formed. Thus, ruptures form in the upger of the cast, or the
upper part 1ls torn off completely and expelled from the mold
together with the metal excess.

Figures 10 and 11, show photographs ol castings with strongly
developed (so-called dynamic) cracks znd castings with a torn-off
upvrer portion,

Since the angular velbcity of the movable matrix can be changed,
extrusion casting affords the possibility of totall,hg controlling
the fillinzvprocess of nolds.

’ If we assign the various laws governing the chinges in the
angular veloclty of matrix displacement we can at any moment of
the stripping process produce such a velocity of retal flow which
would ensure the highest guality of casting.

It ensuer fr.r: the above that the most important task in
developing the theory of extrusion castin: consists in detersining

the devendence betveen the zngular veloclty of matrix displacement

nd the ve.ocity of metal flow in the mold during stripping. This
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problem is solved by hydrodynamic methods.

To simplify the problem we replace the holiov of the

casting-stripping machine by &he hollow of £ a plane diffusor

with & Cived «nd & movuble wall,
Let &t the initlal moment a portion of viscous ligquid be

poured into the top of the diffusor which xrxiex arises when

the walls apuroach one another,

Figure 12 shows a simplified diagram of the process investi-

zated,
We tuke an arbitrary point i in the flow cross section of the

plene diffusor znd represent its velocity v as 2 geometrical sum

(1)
. Ve determine the velocity components of v and
r ' r,

U'( a8 functions of sngular velocity @ ,the angle of »#

oL , the radius-vector }', rvhich coordinates the point K in the

B

plune, and the unsle (( (the :ngle between the radius vector T

~nd the fixed diffusor wall).

1) v - in the direction T,xithk V'( - along the normazl to T.
T
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Fig. 6. Cross scction of a machine for extrusion casting with

electiro~mech.inical drive.
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hollow of the machine for extrusion casting with matrices ap.roaching

one another x«t a2 constant angular velocityco .

Fie, 10, Dynamic ér-ck in the uprer part of custing due to hish

Gr-219 - 62 -



velocity of metal flow at the end of the extruding process.

Fig, 11l. iorn-off uvper part of casting zm cwing to exceedingly

high rate of drawing together of matrices.

;. 1. Cross s:ctionzl dicgram of & 4iff rov with analytica[solu—

6/-2)9  tion of the rroblem relating to yvelocity fields during extrusion,
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We set up a system of differential equations for the motion
of viscous incompressible liquid in a plane diffusor with variable

angle of . =~ o ard solve it for v and V% .
r

After a number of assumptions which do not change the substance
of the phenomenon investigated, and after simplifying the equutions

of the motion of viscous liquid written in the radial coordinate

system we obtain

it'l de,  r, dr' Trly
ot +o o T o9 ==
—pg,—l 90 _ x>,
by ra T O (%)
F) dv,__
o (et o5=0. (e)

By solvin: this system it is possible to express the velocity

zexpusmtf components of u-'r and v as functions of & , r, ¢ and
r

(7 2

r
"- —-_“._?.- ,

od . _ (10)
""=a2m2c7 cos b +sll3clga(‘ __:.)"
(11)

wvhere A is & constunt f.ctor dependinz on the .n:le of inclination
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of the fixed diffusor wall /3 , on the initial angle of

of.the diffusor 6(0 and the initial metal level T .

0
The mean cross-sectional flow of veloclity equalling v /2,
max
is in this case expressed by formula
wd .
: (12)

Ver™ fasimiay/ cospfenpoige

This formulz can be considerably simplified., If in the radifand

we factor out a«‘e ol and introduce o Mthen ve

obtain

'//azctga(—:%}-{-sinp)-f,(z). L 38

An investigation of the variation of this function with am

Lzﬁzziggjgﬁgiglfrom 8° to 0° 10’ leads us to conclude that varia-

tions in this range can be disregarded ( the metal flows in the

mold precisely in th&s variation range of the angge o ). Then

9¢p~ od” . (13)
sin2e
By this forzula it becomes possible to determine the law of
changes in the ungulair ve:ocity of approaching matrices @ from
any flow conditions of the metzl filling the mold during ektrusion
casting,

Let us, for exumplesg seq:;e condition according to which during

the entire time required for the filling of the mold the metal
- 65 -



flow remains laminar, From this condition we determine the law
governing the changes in angular velocity .

‘ 4s 1s known, a flow of viscous fluid remains laminar until
the Reynolds nudmbers do not attain the first critical value. Ve

express the Reynolds number in the flow filling the mold by its

geometrical parameters, viscosity and mean flow rates

AYN )

Re =¥ A 29

v

In our case the hydraulic radius at the end of the process is

expressed by the formula

X oy

~
=3 B 39

Then the highest value of the Reynolds npmber during extruding

R .
-

is expresced as follows:

WA e ke s,

C 39

. Cpmex 3

» By detevri:ining v &this equality and equating it vith
mean
-
from formula (12) and assuping that the Feynolds number re-

1

!

f v

) nean

i y}f/

mains during extrusion, equalling the first critical value Re 4
crit 1

(2370), ve obtain

DRecy sin?a.

(14)

] S LI

.

Hence, 1f the angulzar velocity of displzcement of the movable
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matrix varies during extrusion following the sinusoida%épropor-

tionally with the square of the sign of the angle of dip between

the matrix and the core) then during the entire extrusion process

the flow will remain laminar and the filling of the mold will be

steady.

Ve can set up any condition and determine from it the law

of changes in angular velocity., Thus, for example, in order thuat

the flow rate during the entire extrusion proces§1remain constant,

angulur velocity rust be changed according to a law expressed by

the formula

where v

|

i sine
—o 2 s.’(:-]-’)'/l!-{-?’ollu’m (15)
-’ sin} rn ’

is the constaﬁt rate of flow of metal in the mold which it
is desirable to have during extrusion;

is the zangle of slope of the fixed matrix of the machine;

is the ungle of dip of the diffusor (the angle hetween the

mztrix and the mold);

is the cross-sectionzl area of the netal in the receptacle
prdor to the beginning of extrusion (cross section of the

diffusor and a vertical plane);
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T 1s the height at which the metal rises with a given

angle of dip of the diffusor determined by the formula

F = ; -
sinz
s} e i 440

57 is the wall thickness of ﬁhe panel being cast.

Figure 13 shows the graph of the variation of angular velocity
ensuring laminar metal flow during extrusion, while Iig. 14 shows
the graph of velocities which can be obtained with the aid of the
device shown in Fig. 6,

Vhen casting panels 2200 x 8C mm in size with a wall thickness
of z.,5-3 mm , extrusion lasts for 6-8 sec. Towards the end of the
extrusion process the flow rate attains 0.8 m/sec, Consequently)
erystallization crusts form on the matrix =2nd the core unier condi-
tions of steady flow of the fluid phase of the melt.The fluw of
the fluid phase exzerts a considerable elfect on the conditions und
character of c¢rystallization.

The continuous flov from the metal receptacle of metal hotter

a Mgk Dmpurnadine grasiant

thin 2t any (ther point of the mold maintaingkin the boundary layer

OF M 3—//;\__; R
during the entirex process of crust

4

Figure 15 shows the diagram of a temperature field in the metal

- 68 -
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cross section cooling off on the mold walls under steady conditions
and under conditions of the fluid melt phase continously flowing
between mold walls,

The high temperature gradient in the boundary layer promotes
erystallization in the thin layer and the formation of a fine-grained
structure of the casting body. Lioreover, the flow washes off a
part of the interm:.diate melt phase thus slowing down the crystalli;
zatlon process and contributing to the formation of crusts with
zreat density,

Casting by extrusion creates exceptionslly favorable conditions
for the #ntensive feeding of crystallizing layers with liquid melt.
During the entire crystallization process the cryrtallizing layers
touch the liquid metal, The continuous compression of the flow when
the matrices approach one znother as well as the continuous rising
of the metal level in the mold increase pressure and press the

liguid metul into the Bntercrystalline cavities.
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Figy 12, Graph of the variation of angular velocity of approaching

matrices ensuring laumlnar metal flow during extrusion.
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Mg. 14. Graph of velocities of approaching matrices viiich can be

obtained with the aid of the electrorechanical drive chown in

Fig. 6.
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Bigure 16 shows how the liguid metal feeds the Rayers

erystallizing on the mold walls,

3
s
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; Tig, 15. Diagram of temperature fields ddring cooling of metal
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n rolds in the case of motionless and floving metzal. & b!
i 1ds in th f motionless and rlovi tal, a) linsuidus
P line b) mold wall ¢) crystallization in motionless metal d) mold

wall e) crystallization in flowing metal f) beginning of crystal-

lirzation g)end of crystallization h) flow rate vector,
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Continuous flow of léquid metal near the crusts crystallizing

on the mold walls creates favorable conditions for degassing of
the melt in the bhoundary layer.

Gas bubbles (as well as 1light non-metallic inclusions) con-
tained in the flow are wvashed by streams of varying velocities

' mass :
and the gas maxkx inside the gas bubble is bound to acquire a
rotating motion., Figure 17 shows the dizgram of a gas bubble
washed by a flow of liquid metal, A

Ve can see that here the potential flow overlaps with the
eddy.

As 1s known from hydrodynanics, in this case the pressures
on the eddy surface are distributed in such a way as to promote
the displucement of the eddy under the effect of these pressures
towards higher velocitlizs of the incident flow,

Tigure 18 shows the flow lines and the distribution of
pressures on the surface of the eddy washed by a flow of viscous
liguid,

Proceeding from the diagram show¥n in Fig., 17 we can set up a

system of equations for the eddy and the overlapping potential flow

:nd, by solving 1it, determine the paths of gas bubbles in the metal
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flow during extrusion.,

Filg. 16. Diasram of crystallizing layers fed by liquid melt phase.

Fig. 17. Flow diusrci of 3 gas bubblc in 4 fiov of lizuid netal.
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Fig., 18.Gas eddy in a metal flow: flow lines (top) and distribution
of pressures on the surfice of an eddy washed by 2 potential flow

(bottom).
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Assuming that the #intensity of gas rotation inside the
gzs bubble reamins constaht, proportional to a certain mean
value of linear flow rate, these systems can be written as

follows

(16)

d
n—‘i“!-= —20uSv, — Ap St,

m%’_ - —29.3‘0‘,— B.OS'U‘.

where m 1s the gas mass inside the bubble;

v and v sre the velocity components of the bubble motion;

x y

4 and B are resistance forces of the medium;
T is the tine;
Q is the mass density of the gas inside the bhubble;
& 1s the angular ve:ocity of gas rotation inside the bLubble,

By sol¥ing this system it becomes possible to express the

path of the gas bubble as a function of time. This solution has

the form x=xg+ 20yt

ys%slnx(l-—%).

(17)
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where x is the coordinate x at the initlal instant of timej;

o

oo is the angular velocity of gas rcotation inside the
bhubble;
J’ 1s the mold wall thickness;
Yy 1s the distance from the wall varying from O to & J/)- H
t 1s the time.

Figure 19 shows two paths of a gas bubble. One of them was
drawn analytically according to formulas (17), while the other
was plotted on the basis of tests conducted with a transparemss
model of a machine for extrusion casting with various viscous .
liquids.

It onsggggtthat when casting by extrusion the hydrodynamic
iction of the wmetal flow in the hodlow of a mold affects substantially
the formation of the casting body. I¢ obtained by meuns of ex-
trusion{?;;is body consists of two thin and solid crusts which
formed on the :u0ld walls during the filling process.

By changing the hydrodynamic conditions of the filling process

of the mold vith retal, ve cin control the fornation of the casting

- 77 -
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Fig. 19. Paths of a gas bubble drawn analytically and on the

basis of test data. a) flow axls ©b) experimental c)theoretical.

Thus, besiies contro.ling the heat reroval from the metal to
the mold, the engineer can also control Lhe velocity of metul
flow durins the filling of molds.

CONCLUSIONS

The study of casting by extrusion has shown the economic
expediency of a ldrge—scaledr;;plication of this new technological
PIrocess.

The hydrodynamlc churacteristics of casting by extrusion con-
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tribute to removing gases and solid inclusions from the melt

as a result of which the casting walls are strong and plastic.

Fig.zoj?;;o photogravhs

extrusion and,rolled in

FID-TT-61-219/1+2

of & smooth thin-wzlled panel cast by

2 sold state into a roll (two projections).
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Figure 70 (a,1)b) shows two photographs of a thin-walled
panel rolled 1in a cold state into a roll, Such & roll can be
straightened wnd there will be no tears or cracks.

The high purity of the surface and the high accuracy of the
geometrical dimensions of panels cast by extrusion makes it
possible to convey the zmmm cast panels to the assembly line
without any mechanical processing of their profiles. Some de-~
burring on a milling machine of the contact plane of papels
represents a very small portion of the overall labor inpwt re-
guired by the workpiece.

4 considerable advantage of the new technologziecal process
consists in the possibility of casting panels of huge sizes
with a wall thickness of 2-3 mm with any position of ribs,
various beaded edges and bozses, as vell as casting hollow
thin-walled parts,

Cast thin-walled punels can bg widely used in many branches
of nationel economy,., Thus, for example, it is rossible to cast

e

Ehe‘Rnels of hoods of riotor cars anda trucks, hulls wund overhead

v

covers of small shlps, rallwcy tank cars, many parts of agricultural

FTD-TT-61-219/1+2 - 80 -
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mactiines, parts of tanks #ﬂ«everyday usage,ete,

Thin-wazlled punels cast with secondary a;loys can be widely
used in the construction industry as facing materials and, in
some cases, as parts of some structures.

Casting by extrusion is a very new technologiecal process,
Much of 1t has not been studied as yet.At the present time MATI
chairs undertake extensive researches in order to determine the

thermal, hydrodynamic and technologhcal conditions of this casting

method
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