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Introduction

Many scientific works are dedicated by the
research of the formation of shrinkage defects in
metallic castings when cooling [1; 2; 3; 4; 5; 6; 7; 8].
The eperiments inthe industrial conditions anthe
computer modeling allow to obtain the reliable
results of the casting process and perform the
analysis ofthe formation in material of the shrinkage
defects.The change of linear or volumetric shrinkage
of the casting from temperature of alloy and cooling
time can be represented by the regression equations.

Materials and methods

The omputer calculation of cooling of metallic
alloys and the analysis of the results were carried out
in theprograms LVMFlow and STATISTICA.

The research of the cooling procesgs
performed for following alloysalloy steel 3€rMo4;
quality carbon steel 1.0503; corrosimsistant steel
X3CrNiM018-12; chromium steelSIS2302; grey
cast iron ENGJL-150; malleable cast iron EBGS
600-3; wearresistant cast iron E&IMW-210
(ductile cast iron); tinless bronze CuAl10F€2 tin
bronze CuSn5Zn5PbG; brass CuzZn40; aluminium
foundry alloy SG 70A (silumin); zinc alloy ZA;
nickelcobalt alloy num.1; magnesium alloy MAG2;
heatresistant nickel alloy NiCr20TiAl; precissoft
magnetic atby 49K2FA. The cdemical composition
of metallicalloysis presentedn table 1.

Table 1
The chemical composition of alloys.
Name of alloy _ Alloyinc elements, % _

Fe C Si Mn Cr P S Cu Ni Al Mo |Sn| Zn Pb Mg Ti Cd [Co|Ce | V
34CrMo4 96.58 |0.35 | 0.3 |0.65 |0.95 |0.04 |0.04 | 0.3 | 05 |0.04 |0.25 |- | - - - - - - 1= -
1.0503 97.7750.46 |0.27 |0.65 |0.25 |0.035[0.04 |0.25 |0.25 |0.02 | - |- | - - - -

X3CrNiMo18-12 |72.37 |0.03 | 0.8 | 0.8 | 16 | - - - 0 | - - - |- - - -
SIS.2302 85.71 |0.14 |10.19 |0.68 12 0.02 |0.01 (0.03 | 1.2 - 0.02 | - - - - -
EN-GJL-150 | 93.22 |3.55 |2.35 |0.65 | - |0.15 |0.08 | - - - - - |- - - -
EN-JGS600-3 92.96 | 3.3 2.4 0.4 |0.15 |0.08 (0.01 | 0.3 0.4 - - - - - -

EN-GIJMW-210 632 2 1 0.7 30 0.1 0.1 - 2.9 - - - - - -
CuAl10Fe2C 3 - - - - - - 87 1 9 - - - - -

CuSn5Zn5PbiC - 85 - - 5 5 5 - -
Cuzn40 - - - 60 - - 40 | - - - - -
SG 70A 0.28 7.5 0.3 - 91.68 0.03 - 0.2 |[0.01 - - -

ZA-8 0.07 - - 1 - 8.4 90.49 | 0.01 |0.02 - 0.01 | - - -
num.1 - - - 80 - - - - - 20 | - -
MAG2 - - - 0.22 - - 8.1 0.7 90.98 - - - -
NiCr20TiAl 1 0.06 {0.06 | 0.4 |20.5 - - 74.32 1 0.95 - - 2.7 - (0.01 -
49K2FA 48.75 (0.03 |(0.15 | 0.3 - 0.01 |0.01 0.3 - - 49 | - 1.85
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Figure 117 The modified constitution diagrams of alloys:A T alloy steel 3€rMo 4; B quality carbon steel
1.0503;C 1 corrosion-resistant steelX3CrNiMo 18-12; D i chromium steel SIS.2302;E i grey castiron EN-
GJL-150; F i malleable cast ironEN-JGS-600-3; G i ductile cast iron EN-GIJMW -210;H T tinless bronze
CuAl10Fe2-C; | T tin bronze CuSn5Zn5Pb5-C; J 1 brassCuzZn40; K i aluminium foundry alloy SG70A; L
I zinc alloy ZA-8; M T nickel-cobalt alloy num.1; N i magnesium alloyMAG 2; O i heatresistant nickel
alloy NiCr 20TiAl .
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Initial temperatures of melts (red dathd the
percentage of the second main element of alloy (red
dotted line) are presented orthe modified
constitutiondiagrams (Fig. 1).

The simulation was implemented by the non
equilibrium calculation model which takes into
account theformation of the different solid phases
during solidification of alloy [9].When cooling of
corrosionresistant steel X3CrNiMo182, clromium
steel SIS.2302, tin bronze CuSn5Zn5Rh5brass
Cuzn40 and nickelcobalt alloy num.1 one solid
phase is formed. When cooling ofadloy steel
34CrMo4,carbon steell.0503,ductile cast irorEN-
GIJMW-210, tinless bronze  CuAll0Feg,
aluminium foundry dby SG 70A,zinc alloy ZA-8,
magnesium alloy MAG2 and nickel alloy
NiCr20TiAl two solid phase are formed When
cooling of grey cast irorEN-GJL-150 and malleable

cast iron EN-JGS600-3 three solid phase are
formed The cylindrical castings with diameter of
20 mm were exposed by cooling.

Preset cooling time of each alloy was the
criterion of auto stopCooling time was taken of 70
min (4200 s). The calculation time step of the
cooling process of the castings was adopted of 100 s.

The value ofshrinkage was calculated with
accurate to fourth decimal places.

Resultsand discussion

Maximum cooling rate of melts is observed in
the time range of 1 5 min. Hereinafter cooling rate
of alloys is constantly decreased.

The ranges of temperature change of alloys
when cooling in the course of 70 minutese
presentedn table2.

Table 2
The ranges of temperature changeof alloys when cooling.
Name of alloy The range Qf temperature change wher
cooling of alloy (70min)
Alloy steel34CrMo4 15901296 .08 A
Carbon steel.0503 15801 297.47/C
Corrosionresistant steeX3CrNiM018-12 15507 277.92/C
Chromium steel SIS.2302 158071 289.97/C
Grey cast irorEN-GJL-150 1250i 201.86AC
Malleable cast iron ENGS600-3 130071 203.95/C
Ductile cast iron ENGJIMW-210 14401 227.33/C
Tinless bronze CuAl10Fe@ 11307 101.5AC
Tin bronze CuSn5Zn5Pb5 111071 93.78/C
BrassCuzn40 9907 106.594C
Aluminium foundry alloy SG 70A 7201 53.06/C
Zinc alloyZA-8 5001 50.64/C
Nickel-cobalt alloy num.1 15601 289.24/C
Magnesium alloy MAG2 7007 32.18/C
Nickel alloy NiCr20TiAl 14407 208.18/C
Soft magnetic alloy 49K2FA 15501 145.2/C

The threedimensional plots of the surfaces
were constructed.The surfaces were fitted (the
quadratic smoothing method) to the corresponding
variables in the XYZ coordinate$he description of
these plots is carried ouatccording to the obtained
polynomial regression equations.

The matrix plots give an idea about the

dependence between variables of some set as a

matrix of conventional twalimensional plotsThese

plots are described by the linear regression equations.

The graphic images of changes of the shrinkage
value of alloys when cooling are presented in Figs. 2
i 17. According to the regression equations (32),
shown below of the plots, the dependence of alloys
shrinkage from temperature, time and cooling rate
wasdefined.

Let's do an analysis of the results of the
mathematical modelling.Cooling rate of alloys
CuAl10Fe2C, SG 70A and ZA8 on the certain time
ranges is equal to zero or maybe an increase of
materials temperaturd his change is expressed by
multiplication of the coefficierk by cooling ratev of
alloys (provided 0 <k < 1). Since cooling time for
all alloys was the same then the coefficients tdon'
change significantlyvith allowance fotthe change of
temperature.

Linear shrinkage of soft magnetic alloy
49K2FA was amount to 13.1411 % from the
estimated dimensions of the castifthis isin 1.2
times more of shrinkage of carbon steel 1.0503, in
1.83 times more of shrinkage of ductile cast iron-EN
GJIJMW-210 and in 1.08imes more of shrinkage of
aluminum foundry alloy SG 70A
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Regression equation (B surface plot)
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Figure 217 The dependencies of shrinkage of alloy steel 34CrMo4 from temperature, time and cooling rate.

i time, s; vi coolingrate, C/4\ T temperature, C.A
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Figure 31 The dependencies of shrinkage afarbon steel 1.0503 from temperature, time and cooling rate.
time, s; vi coolingrate, C/é& T1 temperature, C.A

ISPC Innovations in science
Philadelphia, USA

27

% THOMSON REUTERS

Indexed in Thomson Reuters



| ISRA (India) ~ =1.344 | SIS(USA) =0912 |ICV (Poland) =6.630

. ISl (Dubai, UAE) =0.829 { t R\ ARussiad=0.207 | PIF (India) =1.940
Impact Factor: | e (australia) =0.564 | ESJI(KZ)  =3860 | 1BI (india) = 4260
{JIE =1.500! SJIF (Morocco)=2.031 |
Y
2
I 20
| Y
[]-20
[J-40
B -60
B 80
B -100
Regression equation (B surfaceplot)
U= 0.2429 + 0.0115t 9.9151vi 1 . 7 2 5% + R0206Wi 1.1471¢ (5)
Time, s Temperature, °C Cooling rate, °C/s
N
o
\\
Shrinkage, %
§ ¢ ! -
§§ o
§ §§ ? 7 o}
Regression equatior (Matrix plot)
€e=4.01552755+0.0011598927
i e=9.60506748 0.0039791762T (6)
}e=6.7749948+1.110800%

Figure 47 The dependencies a$hrinkage of corrosion-resistant steelX3CrNiMo 18-12 from temperature,
time and cooling rate t7 time, s, vi coolingrate, C/& T 1 temperature, C.A
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Figure 57 The dependencies of shrinkage ahromium steel SIS.2302from temperature, time and cooling
rate. ti time, s; vi coolingrate, C/& T temperature, C.A
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Figure 61 The dependencies of shrinkage ajfrey cast iron EN-GJL -150from temperature, time and cooling
rate.ti time, s; vi coolingrate, C/&\ T temperature, C.A
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Figure 77 The dependencies of shrinkage ahalleable cast ironEN-JGS-600-3 from temperature, time and
cooling rate. t7 time, s; vi coolingrate, C/& T 1 temperature, C.A
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Figure 81 The dependencies of shrinkage afuctile cast iron EN-GJMW -210from temperature, time and
cooling rate. t7 time, s; vi coolingrate, C/& T 1 temperature, C.A

ISPC Innovations in science

Philadelphia, USA 32 %t THOMSON REUTERS

Indexed in Thomson Reuters




[ ISRA (India)  =1.344 | SIS(USA) =0912 |ICV (Poland) =6.630

.| ISl (Dubai, UAE) =0.829 { t R\ ARussia=0.207 | PIF (India) = 1.940
Impact Factor: | GIF (Australia) =0.564 | ESJI(KZ)  =3.860 | IBI (India) = 4260
it JIF =1.500 SJIF (Morocco)=2.031 |

. Regression equation (B surfaceplot)
U = 3.87660414v03 00 @ 981 0A008BW 1.606/ (15)

Regression equatior (Matrix plot)
€e=6.46990704+0.0019516158t

| e=145458981 0.0094972969T (16)
} =10.8052545+ 1.2809050%

Figure 91 The dependencies of shrinkage dfnless bronzeCuAl10Fe2-C from temperature, time and
cooling rate. t1 time, s, vi coolingrate, AC/s; T temperature, C.A

ISPC Innovations in science

Philadelphia, USA 33 THOMSON REUTERS

Indexed in Thomson Reuters




