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Introduction. The modern foundry aims to produce high-quality competitive castings with a
minimum manufacturing cost. One way to solve this problem is to apply pressure, which plays a key
role in many special types of castings. The combination of advantages and disadvantages of the low-
pressure casting method is one of the most effective. When casting by this method, it is possible to
exert subsequent pressure on the crystallized casting [1,2].

Recent studies show that it is possible to regulate the properties of the finished casting already
at the initial stages of mold filling and crystallization. This allows you to significantly improve the
mechanical properties of the casting [3,4].

In the transition to new production technologies to avoid significant investment, it is necessary
to apply computer simulation at the design stage of the technological process. This solution allows you
to observe the processes that occur in the casting and to understand why there is a defect in this casting
with given specific technological parameters. Then there is the opportunity to offer effective
technological solutions that can be checked again using simulation [5].

The meshless method of smooth particles (SPH) is perfectly suitable for modeling casting
processes [6,7]. For its implementation, information on the connections between nodes is not required,
which avoids the difficulties associated with the construction of the mesh, as well as the need to track
inter-node communications at each time step [8].
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The SPH method allows one to more reliably simulate the processes of filling [9] and
crystallization [10], as well as considering latent heat released during melting and absorbed during
solidification.

Purpose of the research: the study of the influence of excess pressure on the crystallizing
casting of Ak7ch alloy during low-pressure casting. Simulation of filling a mold with an alloy
followed by crystallization under pressure using the SPH method.

Material and methods. The studies were carried out on prototypes in the form of plates made of
AKT7ch alloy obtained on a modernized low-pressure casting machine model U8261. After filling the chill
cavity with the melt, an excess pressure of 200-900 KPa was applied to the crystallizing sample (Fig. 1).
The chemical composition and dimensions of the test samples are presented in tables 1 and 2, respectively.
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Fig. 1. Scheme for obtaining prototypes
Table 1. Chemical composition in % of AK7ch alloy

Fe | Si| Mn Al Cu Pb Be Mg Zn Sn Impurities
up [6-| up 1(89.6- wup up up |0.2-| up up total 2 Ti+Zr<
to 15| 8 |to 0.5/938|to 0.2|to 0.05|to 0.1| 04 |to 0.3|to 0.01 0.15

Table 2. Dimensions of the prototypes

MNe of the prototype S, mm (thickness) B, mm (width) H, mm (height)
1 15 100 250
2 20 100 250
3 45 100 250
4 60 100 250

For numerical modeling of crystallization processes, it makes sense to use the particle method
(SPH — "Smooth Particle Hydrodynamics"), since the use of other approaches is associated with
significant technical or theoretical difficulties. The method can be implemented in a conservative
form, and its feature is a simple transition to the three-dimensional case.

The essence of this method is to approximate the formula [11,12,13,14]

a(x):IRa(x)cS(x—xi)dx (0.1)

RS Global Me 3(55), Vol.1, March 2020 27



WORLD SCIENCE ISSN 2413-1032

with the following chain of transformations. At the beginning we replace the generalized function
§(x) with an analytic function W (x—x;,h), which is called the smoothing kernel, and h-

smoothing radius. As a result, we get
a(x):jRa(x)W(x—xi,h)dx (0.2)
The kernel W (x—x;,h) must satisfy the conditions
[ W (xh)dx =11 W (x,h)—5>5(x).
In the works of Monaghan [11,12,13] it was proved that subject to these conditions, the
approximation provides the order O (hz).

The following transformation consists of replacing integration by summing over neighboring
particles:

m.a.
a(x)=> —2wW(x -x;,h) (0.3)
i Pj
Using this approximation significantly simplifies the calculation of the gradient of the field
function since it is enough to analytically differentiate the smoothing kernel, which will give

oa(x) ma, 8W(x —xj,h)
=3 ~ (0.4)
The equations of fluid motion in terms of SPH are written as follows.
Continuity equation
op, My W
L= p Y (v -y ) — 0.5
- p.;pj(. ,)axiﬂ (0.5)
Momentum equations
ove o GP oW
m,—-=> mm, 0-'2 =+ 1T | — (0.6)
o = P Pj o,

where i—the particle in question; N — the number of neighboring particles; m—weight;
Wij =W (xi =X, h)— interpolation kernel; As the interpolation kernel, choose

29,19, 5,

ol b OgrijSZ
-x;h)=e,43 8" 247 32 , L =X-X. (0.7)

ij i j
0 ri>2

Where «, takes the values %i d 315

and ——
7h? 2087h®

W (x,

for one, two, and three-dimensional space,

respectively.

dx* : )
h — smoothing length; v* = d'é o) :ijwii — density of the i— particle; IT; — artificial
i=1
viscosity [11]:
1, = 7 i — V) (% — % (0.8)
0 otherwise
Here
ho(vi—v,)(x=%) _ c+c. _  p+p 1
= u(l J)( i J)’ g =——2, p ="t hij:_(hi+hj) (0.9)

2 2 2

2
(% —x;) +0.01n
where C; and C; — the speed of sound at points i and j, respectively; a and b— artificial viscosity

coefficients.
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The introduction of artificial viscosity not only provides the necessary dispersion but also
prevents non-physical penetration for particles approaching each other.
The equation of state [11], which gives the relationship between the particle density and fluid

pressure, has the form:
r
P=P (ﬁJ -1
Po

where Po — pressure value; po — reference density; y =7for liquids or liquid metals;

7R _ 100V =¢?, V — maximum fluid velocity.

Po
In the SPH method, heat increment due to thermal conductivity is calculated as follows [12].
N 4m. kk. oW (|% = x;|.h)
=N (o)t 0.10
O 12:1: p; ki+k; ( - ) X 10
where Q,.; —an increase in heat per unit volume of the i— particle due to thermal conductivity,

ki, k; —the heat conductivity coefficients for the i-—and j—particle, respectively. T, , T, -

temperature of he i —and j — particle.
The heat transfer between the crystallizer and the molten metal can be calculated as follows

2 PN m m
Qui = —2h ”_Zw.k —t+t— (Ti -Ty )Wij (|Xi —Xk|,h) (0.12)
m; = P Px
The equation of the heat transfer process looks like this
du,
Pi at = Qi + Qi (0.12)

where u, — internal energy per unit volume of the | — particle.

Crystallization and shrinkage can be expressed as changes depending on temperature,
viscosity and density, respectively.

The simulation of the moving boundary of the contact of several phases in SPH is based on
particle interactions (Fig. 2).

Metal mold Solid phase Solid-liguid phase Liquid phase

The boundary solid-liguid phase - liquid phase

The boundary mold-solid phase The boundary solid phase - solid-liguid phase

Fig. 2. Moving interface between phases during the crystallization of aluminum alloy

To avoid this non-physical behavior, an interaction force like the Lennard-Jones repulsive
force is introduced, which is applied to particles from various materials at the interface when they
come together. This force is applied in pairs to particles along their common axis as follows [12].
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Fig. 3. Particle interaction at the phase boundary

B () | e
fy(r)= 0 {ru} [rijJ (Xij/rij) s (1.13)

0 r.>r
ij 0
where i and j numbers of particles belonging to different phases; D — parameter depending on the

square of the maximum speed; r; —distance between two particles;

—| [ hy " h; N 2 >
f,(r)= P [r_] {r_J (/5) /5 =1 (1.14)

ij ij

or

0 h; /1, <1
where D, n, n, — the parameters that are selected depending on the problem being solved.

Research results. The simulation was carried out in the ANSYS program, which was used to
fill the cast-iron chill with Ak7ch alloy using the meshless SPH method (Fig. 4).

Fig. 4. Modeling the process of filling the chill cavity

Modeling of the processes of filling and crystallization was carried out on prototype No. 1.
The experimental prototype filling time was 17.2 s, and the calculated time was 16.4 s. The error is
4.65%, which allows us to consider the results obtained accurately. The calculated filling time was
obtained during the simulation.
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Then, the solidification process was simulated with external pressure applied to the
crystallizing sample and without external pressure applied (Fig. 5.6).
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Fig. 5. The time of solidification of the layers of the prototype without applying external pressure, s.

The total solidification time of the prototype without external pressure during crystallization
was 9.18 s, while with the application of an overpressure of 900 KPa it was 7.78 s, which is explained
by the presence of supercooling (Fig. 6).
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Fig. 6. The time of layer-by-layer solidification of the prototype with the application of external
pressure, S.
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The prototypes obtained using the technology described above were tested for strength (Fig. 8)
and Brinell hardness (Fig. 7).
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Fig. 7. Change in AK7ch alloy hardness by thickness of casting from pressure during crystallization

Tests have shown that overpressure from 200 to 600 kPa slightly increases the hardness index,
while from 600 to 900 kPa there is a noticeable increase in tensile strength by 30% (DSTU
requirements > 60). When applying the pressure of 900 KPa, the tensile strength is equalized over the
entire thickness of the casting.
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Fig. 8 Changing the tensile strength of the AK7h alloy in the thickness of the prototype from the value
of pressure during crystallization
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A similar picture can be observed when measuring the tensile strength of samples with a
pressure value during crystallization of 600-900 kPa. The indicated mechanical property is increased
by 23% (DSTU requirements > 206).

Conclusions.

1. Simulation of the filling process using the SPH method has shown a high level of adequacy
and is applicable in foundry production.

2. Crystallization under excessive pressure reduces the solidification time of aluminum alloys
because of supercooling.

3. The use of excessive pressure during the crystallization of aluminum castings from the
Ak7ch alloy increases the mechanical properties by 20-30%.

4. Increasing the overpressure from 600 to 900 KPa significantly equalizes the distribution of
mechanical properties throughout the casting volume.
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