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Dopmanap KouyHOyYIapvIHbl Kapy KyMOAaH, OaiiiaHbiuL-
mMypyyuy 3am s#ana KoHoetnepoon mypam. QPopmanap KOuLyH-
O0VVIAPBIHBIH  Mblebl3000CY 0en 4OH (KOH2A0Mepammapobit
OpPMOCYHOA2bl) HcaHA KuuuHekel (Kymoapowvlh OpmocyHOazbi)
KOHOOUNOD  KONOMOOPYHYH — Kuuupeuwsu Oen myuyHooOys.
Oxcnepumenmandyy uzunoeenep [1,2,3] ¢popmanap xoutynoyy-
AAPObIH  UMUHOE2U UMNYALCIYY HASPY3KA MOIKYH Mypoee
mapazanein makmaum. Ouwion usu0eenep JHcana NPaAKMUKaIbIK
MaanbimMammapovlH  HecuzuHoe ¢hopmanap KOoulyHOYYIapblt-
dazvl UMNYIbCMYY Hazpyskaoa 60I20H npoyeccmep MmoeMoeHOo
Kapaaam.

Dopmosounas cmecy npeocmasnsem cobou  cpeody,
coCMOoAWYIO U3 Yacmuy K6apyeo20 necka, céasylowe2o u nop.
Ynnomuenue @opmosounoii cmecu paccmampusaemcs Kax
npoyecc YMeHbleHUs 00bemMa KPYRHbIX (MedcOy KOH2IoMe-
pamamu) u MeiKux (Mexncoy CamuMu Yacmuyamiu) nop.
Dkcnepumenmanvuoimu ucciedosanusmu [1,2,3] noomeepoic-
O0en 6OIHOBOU Xapakmep pACNPOCMPAHeHUs HA2py30K @op-
MOBOU cMecu Npu UMNYIbCHBIX Memooax ynnomuenus. Ha
OCHOGE dMUX UCCNe006aHULl U NPAKMUYECKUX OAHHBIX HUICE
PAcCMOmMpPensl  Npoyeccyl, npoucxooswyue 6 QopMoBoOUHOT
cmecu npu UMNYIbCHOM HAZPYICEHUU.

The molding mixture represents the medium consisting
from quartz sand particles covered by thin stratum binder and
pore. The compacting of molding mixture is considered as
process of volume diminution of the pore between
conglomerates and pore between particles themselves. By
experimental research it [1, 2, 3] has been confirmed a wave
character of load’s distribution of the molding mixture under
the impulse methods of compacting. Based on these researches
and practical data the following paper is considered processes,
which happen in molding mixture under the impulsive loading.
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Experimental researches are carried out by the
industrial molding machine of gas-pulse compacting
(Gas-Impact process). On fig. 1 change of pressure of
gases and a gradient of pressure of gases above a free
of the
Characteristic duration of process for similar systems of

surface compacted mould is presented.

compacting is accepted for considering in limits
0,03...0,05 s., that is the period of increase of a gradient
of pressure of gases up to the maximal values and its
reduction up to negative is considered (fig. 1). This
period may be conditionally named the first or basic
period of compacting processes.

Negative values of a gradient the pressure
describing recession of pressure of gases up to
atmospheric, operate during relative long time -—
0,8...1,2 s. This period of process of the impulsive
compacting, conditionally named by us as the second has
not been investigated. However, as shown direct
measurements of density at the end of process, additional
compacting in this period may make up to 40 % from
rated compacting in the basic period of process [3].
of

velocities and displacements of a molding mixtures layer

Characteristic ~ diagrams change accelerations,
and a pattern plate to the basic period of compacting are
presented on fig. 2. The analysis of the received results
from positions of propagation of the direct and reflected
waves allows specifying the periods of action of the
basic dynamic processes in a compacted molding

mixture:
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Fig. 1. Change of pressure p(?) and a gradient of pressure dp/dt above a free surface of a molding mixture
at Gas-Impact process: 1 — combustor; 2 — framework; 3 — molding sand mixture; 4 — flask; 5 — pattern plate;
6 — table (basis) of the machine; revolutions of the fan of the gas-pulse machine n = 1750 rev/min.
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Fig. 2. Experimental data at Gas-Impact process: ai, vi, s: and ay, vi, s1- accelerations, velocities,
displacements of a molding mixtures layer and a pattern plate.
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— racing, braking and damped oscillation of layers,
conglomerates and particles of a molding mixture. The
periods of process of compacting may be submitted as:

- The period 1, t>tr>0, where # - time of
achievement of front of an air — gas wave of a free
surface of a molding mixture. Values # are determined
by time of the beginning of increase of values dp / dt
(fig. 1).

- The period 2, t;>t>tp, where #; - time of
achievements of front of indignations (a wave of
compression) pattern plate. It is the period of racing of
layers of a molding mixture, which occurs from a free
surface of the mold to a pattern plate. Value #; by the
beginning of a pattern plate’s acceleration is determined
(fig. 2). Time-stamp #; may be accepted also as a time of
the beginning of action of the wave reflected from a
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- The period 3, t;>r>t;, where ¢, - time of
achievement of the reflected wave of a free surface of
the mould and its reflection. Values #, it is determined by
achievement of zero of velocity of a free layer during
compacting (fig. 2). It is the period of braking of layers
of a molding mixture, which occur from a pattern plate
to a free surface of the mould.

- The period 4, t;>t>t,, where t3- the beginning of
oscillation of layers of a molding mixture. It is the period
of stabilization of agitation transmission when there are
an averaging compressions and deformations after
repeated passage of a wave of compression.

- The period 5, £>t3, the period of oscillation of
layers of molding mixture.

In timing characteristics it is necessary to note
time-stamp #® - the beginning of action of waves of
nloading which may be determined by zero dp/dt (fig. 1).
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Fig. 3. The moments of passage 1 - 4 processes of impulsive compacting of a molding mixture:
1 — in the beginning of process; 2 — achievement by a wave of compression of a pattern plate; 3 - reflection

waves from a free surface of the mould; 4 - at the end of the first period of compacting processes.
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On the basis of the received results the below-
mentioned picture of compacting process of molding
mixture is offered at impulsive loading (fig. 3). At
achievement of front of a shock wave of gases a free
surface of the mould, in a molding mixture there is a
wave of compression, which is transmitted on a molding
mixture with velocity ¢ (fig. 3 - 1). Examined process is
characterized "smooth" loading, without jumps of
parameters at the front waves of compression. Behind
front of a wave of compression current of particles of the
molding mixture, characterized by filling pore
(repacking) and  deformation  binding  begins.
Deformation of particles of quartz sand at the greatest
possible working pressure of gas equal 0,5...0,6 MPa,
practically is absent. Current — averaged of particles of a
molding mixture may be characterized velocity vi(z)
(acceleration a;(t), displacement s;(¢)) a considered layer
of the molding sand mixture, received of experimental
data (fig. 2). Gas from a free surface of the mould will
penetrate with velocity v/ on the certain depth. It’s rather
penetration is at a loss because of continuous reduction
pore and the formed layer of sand particles with an air-
gas mix moves at this stage with the top layer of the
form. Air in pore goes also downwards and its average
velocity in the beginning more, than sand particles.
Then, as approaching a pattern plate and increase
backpressure of pore air, velocity of moving of air in
pore decreases and there may come the moment when it
is equal to velocity current of particles of a molding sand
mixture (presumably at achievement by velocities of
particles of a maximum).

At achievement of front of a wave of compression
of a pattern plate (fig. 3 - 2) are formed the reflected
wave which is propagating from a pattern plate to a free
surface with speed c®/ and taking place through a pattern
plate and elements of the machine a wave with velocity
cP. In these period particles of all layers of a molding
mixture have the growing velocity directed downwards.
Acceleration of racing of layers of a molding sand
mixture, since top, achieves approximately same level
for the given loading. Achievement of a maximum of
velocities of layers of a molding sand mixture and their
reduction begins with the bottom layers. Thus the
hypothesis according to which, the moment of
achievement of zero of velocity of a layer of a molding
sand mixture corresponds to achievement of front of the
reflected wave of a considered layer is accepted. Change
of velocity of layers of a molding sand mixture from the
maximal values up to zero determinates the period of
braking at which displacement of layers of a molding
mixture, beginning from bottom, achieve a maximum.

At achievement of the reflected wave of a free
surface (fig. 3 - 3) are formed the taking place wave
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extending in a gas cavity with velocity c¢®’® and a
reflected wave, extending with velocity ¢®? which is
imposed on the previous waves. Particles of all layers of
a molding mixture at this moment have the velocity,
directed to opposite initial direction. The displacement of
particles directed in this connection back, is connected
by elastic properties of a deformable layer of the
molding mixture, determined elastic properties binding
and height of a layer.

Changes of acceleration marks, connected with
passage of waves, do not influence character of
displacement, which are stabilized for the considered of
timeslot on the certain values on which residual
deformations and density are calculated. However in this
period (fig. 3 - 4) as it was already marked above, occurs
averaging of compressions, proceed action of external
pressure of gases and deformations of repacking. It is
supposed, that the reason of compacting of a molding
mixture are the forced oscillation of particles of a
molding mixture which have others amplitude-frequency
characteristics, than at passage of waves of compression
to the first period of compacting. Expected
displacements of a layer of a molding mixture at the
second stage are submitted on fig. 4.

From fig. 2 it is evident that the beginning of the
second period of process of compacting of molding
mixtures is characterized by occurrence of low-
frequency oscillations, with period T (see also fig. 4). In
researches [4, 5 etc.] it is marked that at the certain
parameters of vibrating load occurs sharp reduction of
internal friction of a molding mixture, i.e. substantial
growth of mobility of a molding mixture takes place. If it
is caused by sharp reduction of a corner of internal
friction of a molding mixture and thus its kinematical
parameters are kept, by analogy to the mechanism, it is
possible to explain compacting of a molding mixture
offered in work [6] as consequence of occurrence of
instability of internal structure of the molding mixture
resulting in its reorganization.

Other source of oscillations of particles of a
molding mixture, maybe, transfers of vibrations of a
pattern plate of the molding machine which are caused
by passage of waves through elements of the machine. It
is necessary to note that frequency of vibrations of a
pattern plate a little bit differs from frequency of
expected low-frequency oscillations of a molding
mixture. However, these results demand realization of
more detailed special researches.

On the basis of the carried out analysis of the
mechanism of compacting of molding mixtures are
allocated characteristic processes in realization of
various methods impulsive compacting. This current
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Fig. 4. Displacement of layer molding mixes during the process of impulsive compacting.

of the compacting caused by action of direct and
reflected waves at the first stage and additional
compacting, caused by the subsequent oscillations of
particles of a molding mixture. The current
characteristics of compacting of molding mixes are
determined by a gradient of external pressure of gases
dp/dt. So, at dp/dtmax > 30...35 MPa/s, characteristic for
gas-pulse (GAS-IMPACT) and air-pulse (AIR-
IMPACT) methods, transfer of forces to a wave of
compression occurs due to contacts between particles
and the through filtration of gas through the compacted
mould at the first stage is limited. Filtration processes
(including removal pore air) at these methods take place
in the second, "longer" stage of compacting determined
by internal structure of a molding mixture. Considered
processes do not demand additional compacting a
molding mixture by final squeezing, as against
SEIATSU - process, where development of working
pressure of gas above a free surface of a molding
mixture dp/dt < 1... 2 MPa/s. In this case filtration
processes proceed in both stages of compacting and the
intense condition of a molding mixture resulting in its
compacting, is determined as well by force of interaction
sand particles and gas in a wave. At SEIATSU - process
it is required additional compacting to a molding mixture
by final squeezing.

The molding sand mixture is complex system with
distributed in volume of the mould parameters, which
vary during compacting. Rapidity of processes at
impulse methods of compacting also complicates an
exact establishment of the mechanism of deformations in
volume of the compacted mould. It is one of the reasons
of that developed systems of compacting are based more
on results of the practical data, than the theory. At

preservation of present trends of application of impulse
methods (GAS-IMPACT, AIR-IMPACT, SEIATSU and
their updating) for compacting of sand moulds,
development of the theory of compacting becomes the
major problem of creation the highly effective molding
equipment. The technique of researches is based on the
wave approach, which was not found while wide
application by consideration of similar systems. The
received results may become base for the further
researches, including simulation the processes of
impulsive compacting at various operations and
parameters in system "molding machine - sand mixture".
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