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Purpose. Determination of the influence of gas-dynamic treatment and inoculation of the metal with TiCN ultradisperse
powders on its mechanical properties and formation of porosity in shaped casting of SC51A (AK5M) alloy solidified in the
chill mold during implementation of the corresponding complex technology.

Methodology. Experimental thermographic studies using HA thermocouples were held. The temperature field of the cast-
ing was plotted. For the hardware determination of the components in the alloy under study, we employed the photoelectric
spectral method of elements mass fraction measurement, a method of indirect measurements. The standard procedure of Bri-
nell hardness test was applied to the samples of the cast metal. The mechanical properties, namely tensile strength at room
temperature 6, (MPa) and elongation & (%) were determined according to the State Standard (GOST 1497-84) by means of
the Tensile Strength Test Machine FM 1000 with the samples of 10 mm diameter cut from the body of casting. To simulate the
SC51A (AK5M) aluminum alloy shaped casting solidification process we employed the Polygon system of computer model-
ing of casting processes (SCM CP).

Findings. The effect of implementation of the combined technology of aluminum alloy refinement with TiCN ultrafine
modifier and gas-dynamic treatment on the mechanical properties of shaped casting metal solidified in the chill has been de-
termined.

Originality. For the first time, we suggest the possibility and define conditions of the combined action of ultrafine modifi-
er inoculation and gas-dynamic treatment on the solidifying SC51A (AK5M) alloy.

Practical value. Technological modes of the combined action on the melt during crystallization in the “supporting tip of

conveyor bar” chill mold that weighted 1.1 kg made of SC51A (AK5M) alloy have been developed.
Keywords: casting, hardening, gas-dynamic effect, modification, technology, mechanical properties

Introduction. The highest quality metal and stable
properties over the cross section castings are produced in
the presence of a homogeneous and fine grain structure as
well as the absence of macroscopic defects, such as porosi-
ty and the shell. Therefore, the task of interested specialists
is invariably the improvement of existing and development
of new effective casting processes. In this case, many
methods of influence on crystallizing metal of both the
physical and chemical or physico-chemical processes be-
come available now. To improve the efficiency of the cast-
ing process it is very important to create new techniques
and effects on the liquid metal crystallizes.

Modern technologies of formation of castings have an
extremely labor-intensive, long-lasting, causing significant
loss of metal on redistribution and do not always provide
sufficiently high quality castings. The development of new
directions in the theory of foundry processes and creation
on their basis of effective technologies shaping is closely
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related, primarily, to the intensification of heat and mass
transfer processes in hardening alloys.

Analysis of previous publications. Currently, the cast-
er arsenal has a number of ways and solutions available,
they can actively influence the process of structure for-
mation, including by external physical impact or modifica-
tion [1-7]. At the same time, these processes have their ad-
vantages and disadvantages.

One effective way to change the morphology of crystal-
lizing phases is hardening under highly nonequilibrium
conditions [2—4, 6]. Thus, a crystal structure refinement, in-
creased solid solubility and increasing the density of the
metal occur. In flow sheets casting alloys with crystalliza-
tion under pressure the nature of crystallization changes
significantly. By increasing the cooling rate of crystalliza-
tion rate, which changes as a result of the pressure effect on
the number of points increases the nucleation and growth
rate increases. Currently, in many papers the way of obtain-
ing of high-quality castings in crystallization under pressure
created by the piston, punch, or a comprehensive gas pres-
sure, is considered in details [1, 7].
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As for all these methods the efficiency effects during
solidification time is inversely proportional to the thickness
of the solidified layer of metal, as external pressure in one
form or another is applied to its surface. From the techno-
logical point of view, this process has limitations on
weight, type of alloy castings configuration and requires
special equipment and additional qualified personnel. Also,
one of the ways of influence on the solidifying metal is gas-
dynamic effect [5, 6].

Dynamics of changes in system pressure casting device
for introducing gas is determined by the dynamics of
change in the strength properties of the hardened layer of
metal, which increases from the surface of the casting, un-
der the conditions of implementation of the technology of
gas-dynamic effects [7].

The value close to the value of tensile strength (05 ) of
the solidified layer with the temperature [7] and based on
the tensile stresses generated in the solid cake, which de-
pends on the configuration and size of the casting, can be
considered as the maximum possible level of gas pressure
(MPa) at the definite time. The tension in the rising crust
during the hardening process is maintained at the highest
level, which is prior to fracture. This embodiment of the
technology is applicable in the metal mold; it allows to
achieve the maximum result in terms of quality of the cast
metal (mainly mechanical properties), however, leads to
deformation of the casting due to the presence of the alloy
elongation.

The material deformation resistance (o) in the operating
temperature range is used for gas injection molding under
the conditions of dimensional stability of the casting which
solidified in the chill or sand in a single form, as a parame-
ter necessary for calculating the pressure rise of the dynam-
ics in the casting device.

The traditional methods of inoculation belong to the
methods of influence on the crystallization process, which
are the most widespread in the practice of foundry industry.
In recent decades, the fine particles of chemical compounds
(nanopowders) are more and more used as modifiers of
casting alloys; they act as additional nucleation during pri-
mary crystallization. Therefore, the researches aimed at
identifying opportunities for joint application of modifica-
tion and alloy solidification under nonequilibrium condi-
tions, provided by the gas-dynamic effects, are considered
as the urgent problem.

The aim is to determine the impact of the gas-dynamic
effect and modification of soot TiCN on the mechanical
properties of the metal and the formation of porosity in
castings shaped alloy SC51A (AK5M) solidified in the chill
in the implementation of the corresponding complex tech-
nology.

The main material. The technology of gas-dynamic
effect on the melt in the production of castings parts “sup-
porting tip of conveyor bar” is introduced in the JSC
“Horizon” (Dnepropetrovsk) foundry. Castings of this
range are made of alloy SC51A; domestic analogue, alloy
AK5M, by means of chill casting. The distinguishing fea-
ture of this technology is the inclusion of the following
steps: carrying out refining (Preparation DEGASAL T 200)
and the input TiCN modifier in the melt, the introduction of
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a working mold cavity means for supplying gas of the orig-
inal design, with the exposure apparatus of casting within a
predetermined period of time, gas (argon) pressure buildup
and subsequent holding pressure until solidification, into
the manufacturing process of casting .
Casting of “supporting tip of conveyor bar” weighing
1.1 kg was poured into a preheated and painted metal iron
mold with a minimum wall thickness of 40 mm. Pouring
temperature is 640 °C. The chemical composition of alloys
is tabulated in the table 1.
Table 1
Chemical composition of alloy SC51A (AK5M)

The content of elements, %

Mn Si Fe Al Mg Cu Ti Zn

0,5 5,5 0,6 bal. 0,6 1,45 0,15 | 03

Chemical composition of the alloys listed in the results
of modeling of solidification shaped casting aluminum al-
loy SC51A (AK5M) (fig. 1) in the computer simulation of
casting processes (SCM LP) “Range” (Simulation computer
system of foundry processes (SCS FP “POLIGON”)) were
the basis of the operating conditions of gas-dynamic effect
in various embodiments of the technology. The simulation
results in the form of thermal calculation (fig.1, a) were
compared with those obtained by conventional thermoelec-
tric, and presented in the form of contouring according to
the well-known graphical method (fig.1, b). Further, on the
basis of the data obtained, the kinetics of solidification mo-
de was determined to calculate the gas-dynamic effect.
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Fig.1. The results of calculations by the finite element
method (SCS FP “POLIGON”): a — the temperature dis-
tribution on the 5th second; b — kinetics of solidifica-
tion

The calculation of the values of tensile stresses in the
layer of solidified metal casting under the influence of hy-
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drostatic pressure was conducted in accordance with the
kinetics of solidification by the method described in [7] in
order to take into consideration the tensile stresses in the
layer of solidified metal casting under the influence of hy-
drostatic pressure. Then the dynamics of changes in the
maximum possible system pressure of casting device for
gas injection were calculated based on the values of tensile
strength casting material (o, ) with an average temperature
of the resulting solidified layer [7]. When calculating the
average temperature of the solidified layer of metal casting,
as much the solidus temperature was considered and as
lower, the surface temperature of the casting.

Size and dynamics of changes in the operating pressure,
in this embodiment of a gas-dynamic technology influence,
was calculated as the difference between the values of ten-
sile strength and tensile stress in the hardened metal layer.

To implement the technology option providing for min-
imum deformation of the metal casting, the hardening un-
der controlled gas pressure, the calculation of the dynamics
of its increase was carried out based on the values of re-
sistance to deformation of the metal (o ) with an average
temperature of the resulting solidified layer. Further, the
size and dynamics of changes in the operating pressure val-
ues were calculated as the difference of deformation re-
sistance and tensile stress in the hardened layer of the me-
tal, resulting from hydrostatic pressure.

The fig. 2 shows the results of calculating of the value
of stress in the solidifying metal layer resulting from the
hydrostatic pressure as well as the tolerance range during
the gas-dynamic pressure effect on the melt in the mold in
different embodiments, the technology. The curve / in
fig. 2 is the dynamics of change of values for the alloys (the
dynamics of change of the maximum working pressure),
the curve 2 is the dynamics of change for the alloys (the
dynamics of change working pressure), shading is the
range of allowable values for pressure.

The technological process of gas-dynamic effect on the
melt in the metal chill mold was conducted with the initial
parameters of pressure of 0.15-0.2 MPa and subsequent

build-up of 2-3.5 MPa in accordance with the calculated dy-
namic pressure buildup in the casting device for gas injec-
tion.

Table 2 shows the results of tests to determine the me-
chanical properties of metal casting “supporting tip of con-
veyor bar”, obtained using the technology of gas-dynamic
effects (DTG), modifying TiCN (M), and the combined tech-
nology of gas-dynamic effects and modification (DTG +M) in
comparison with the corresponding properties of cast metal
produced by the conventional technology in die casting.

The porosity of castings was evaluated on a 5-point-
scale developed by VIAM. The results showed that expo-
sure to complex castings were mainly 3 point porosity, and
after, 1 point porosity.

As a result of this technology implementation, the
number of reject castings according to microporosity and
blowholes decreased by 28%. The corresponding instruc-
tion was developed and applied in this process.

P,
MnNa

10

The range of allowable pressures
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Fig. 2. The results of the calculation of the tolerance
range of pressure during solidification chill shaped
casting alloy SC514 (AK5M)

Table 2
Mechanical Properties of the Metal of Casting “Supporting Tip of Conveyor Bar”
Temporary tear resistance
Sample number (o), MPa Brinell hardness (HB) Relative elongation (3), %
1 162,2 70 1,0
2 before 161,8 68 0,9
treatment 162,1 68 0,9
DTG M DTG +M DTG M DTG+tM DTG M DTG+tM
4 181,3 72 1,25
5 180,9 71 1,24
6 181,5 72 1,25
7 1852 73 1,27
8 after treatment 184,8 72 1,26
9 185,3 73 1,27
10 1914 74 1,29
11 190,9 73 1,28
12 191,3 74 1,29
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Conclusions.

1. In the conditions of industrial process the embodi-
ments of production of the casting “supporting tip of con-
veyor bar” (weighing 1.1 kg alloy AK5M) were tested using
inoculation soot TiCN, gas dynamic effect on the melt in the
mold, as well as the complex technology and consisting of
both processes.

2. The growth dynamics of the gas pressure in the cast-
ing device for gas injection technology for the realization of
a gas-dynamic effects was calculated. It is established that
the specified pressure range is 0.1-4 MPa.

3. The mechanical properties of metal casting “support-
ing tip of conveyor bar”, produced using the technology of
gas-dynamic effects, modifying TiCN, as well as the com-
bined technology of gas-dynamic effects and modification
in comparison with the corresponding properties of cast
metal produced by traditional technology chill casting have
been defined. It was stated that tensile strength increases by
11-15%; hardness (HB), 4-8%, elongation, 27-30%.
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Mera. BusHaueHHs1 BIUTMBY ra30fMHaMiuHOl 1ii Ta MO-
JiKyBaHHs YABTpaaAMCHepCHUM mopouikoM TiCN Ha mMexa-
HIYHI BIACTHBOCTI MeTally ¥ yTBOPEHHS IIITAPHUCTOCTI y (a-
COHHHX BUJIMBKAX 3i cruiaBy SC51A (AK5SM), IO TBEP/IOTh y
KOKIJTi 3a peastizanii BiANoBiTHOI KOMITIEKCHOT TEXHOJIOTT.

Metoauka. IIpoBeneHi eKCIepHMEHTAIBHI TepMOTrpa-
(bidHI HOCTIHKEHHS 3 BUKOPUCTAHHAM XA TepMorap, 31ii-
CHEHa TT00Y/10Ba TeMIIEpaTypHOro Mot BuiiBKa. J{is ama-
PaTHOTO BH3HAYCHHS BMICTY KOMIIOHCHTIB Y JIUTOMY CILIa-
Bi, IO JIOCIIHKYETHCS, BUKOPHCTOBYBAIHM (HOTOCTICKTPUY-
HHUH CHEKTPAIBHUA METOJl BUMIPIOBAHHS MAacOBOi YacTKH
@IIEMEHTIB — METO/T HeNPSIMIX BUMIpIiB. BruMiproBaHHs TBe-
PIOCTI 3pa3KiB JIATOTO METAITy MPOBOAMIIM 32 JIOTIOMOTOIO
MeToxy bpiHemns 3a cTaHAapTHOIO METOANKOIO0. MexaHiuHi
BJIACTMBOCTI: TUMYACOBHH OITp PO3PUBY NMPU KIMHATHIN Te-
mnepatypi o B (MIla) 1 BiiHOCHE TTO/IOBXEHHS O (%) BU3HA-
yamu 3a TOCT 1497-84. BunpoOyBaHHsI POBOMIIN HA PO3-
puBHiit MamHI @M 1000 Ha 3paskax giaMeTpoM 10 mm, 10
Oyyn BHpi3aHi 3 TijIa BIWIMBKA. [T MOJICITFOBAHHS MIPOIIECY
3aTBep/IiHHA (DACOHHOTO BHJIMBKA 3 aJTIOMIHIEBOTO CIUIABY
SC51A (AK5M) 3aCTOCOBYB&JIM CHCTEMY KOMITIOTEPHOTO
MO/ICITIOBaHHS JIMBapHUX TipotieciB (CKM JII) ,,ITomiron®.

Pesysabrarn. Busnauena crymiHb BIUIMBY peaizalii
KOMOIHOBaHOI TEXHOJIOT1i MOJM(IKYBaHHS YIbTpaaicIepc-
HUM MoudikaTtopoM TiCN 1 ra3oMHAMIYHOI i HA MeXa-
HIYHI BJACTUBOCTI AJIFOMIHIEBOTO CIIaBy (DACOHHOTO BHJIM-
BKa, 1110 TBEPJII€ B KOKLJII.

HaykoBa HOBM3HA. YTiepie BU3HAYEHAa MOXKIIMBICTD i
YMOBH peaizallii KoOMOiHOBaHOTO BIUIMBY Ha cruiaB SC51A
(AK5M), 10 TBEp/i€, sIKa MOJATaE B 3aCTOCYBaHHI MOIu(i-
KyBaHHSl YIbTPAAUCIIEPCHUM MOAU]IKATOPOM Ta Ta30/u-
HaMI4YHOT il.

IIpakTHyHa 3HaYMMicTh. Po3poOneHi TexHOJOTIUHI
PEeXMMU 3TIHCHEHHS] KOMOIHOBAHOTO BILIMBY Ha PO3ILIAB Y
nporieci KpucTam3aiii B KOKiJIi BUJIMBKA ,,0NMOPHUIA HAKO-
HEYHUK CTiHKM KOHBeepa™ macoro 1,1 xr 3i cmaBy SC51A
(AK5M).

KurouoBi ciioBa: sunueox, samseepoinna, 2a300uHAMiu-
HUll 6NAUB, MOOUGIKYBAHHS, MEXHONO2IsA, Mexauiuni 61ac-
mueocmi

]_le.ub. OnpeaeneHHe BJIIMAHUA Ta30AWMHaAMHUYCCKO-

r0 BO3ICHCTBHA M MONU(MUIIMPOBAHUS YABTPAIUCIIEPC-
HbIM TIopomkoM TiCN Ha MEXaHMYECKHE CBOWCTBAa Me-
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Taia ¥ 00pa3oBaHue MMOPUCTOCTH B (PACOHHBIX OTIUBKAX
n3 cmiaBa SC51A (AKS5M), 3arBepAeBarOINX B KOKHIIE
IpU pealu3aliy COOTBETCTBYIOIIEH KOMILJIEKCHOM TeX-
HOJIOTHH.

Meronuka. IIpoBeseHbl 3KCIEPUMEHTAIIBHBIE TEPMO-
rpadIecKre MCCIEA0BAHMS C WCTIOIB30BaHUEM XA Tep-
MOIIap, OCYLIECTBJIEHO IIOCTPOCHUE TEMIIEPATYpPHOIO IIO-
Il OTJIMBKH. JI7 anmapaTHOro ONpPEAENEHHs CONECPIKaHUS
KOMIIOHEHTOB B HCCJIElyeMOM JIMTOM CIUIaBE HCIIOJIb30-
BN (POTODJICKTPUICCKHUI CIIEKTPATIBHBIA METOJ| M3Mepe-
HUSI MACCOBOM JIOJIM AJIEMEHTOB — METO]T KOCBEHHBIX M3Me-
peruii. M3Mepenune TBepAOCTH 0Opa3IoB JIMTOrO MeTalia
OIPEAEISIN ¢ MOMOIIBI0 MeToga bpuHem st mo craHaapT-
HOW Merojauke. MexaHudeckre CBOWCTBA: BPEMEHHOE CO-
MPOTHUBIIEHUE Pa3pbIBy NPH KOMHATHON TEMIIEpaType G B
(MITa) 1 oTHOCHTENBHOE yiHHEHHE O (%) OTIPEACIISUTH TIO
I'OCT 1497-84. McriplTaHusl IPOBOAMIIM HA pa3pbIBHON Ma-
mmHe OM 1000 Ha oOpa3uax auameTpoM 10 M, BBIpe3aH-
HBIX U3 Tejla oTIMBKA. JlJI1 MOJEnMpoBaHus npolecca 3a-
TBEpJIeBaHMsI (PaCOHHON OTIIMBKH M3 AJIOMHHHEBOTO CILIa-
Ba SCS51A (AK5M) NIpUMEHSUIM CHCTEMY KOMIIBIOTEPHOIO
MOJIEIMPOBAHMS JIMTEHHBIX TporieccoB (CKM JIIT) ,,ITomm-

113

TOH .
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PesyabTarel. Onperienena CTeNeHb BIMSHUS peann3a-
MM KOMOWHHPOBAHHOM TEXHOJIOTUH MOJU(PHIIMPOBAHUS
YIBTpaarcepcHBIM MoandukaTopoM TiCN U Ta30IiHAMH-
YECKOTO BO3/CHCTBUS HA MEXaHUYECKHE CBOMCTBA aFOMU-
HHUEBOro CIjiaBa (DaCOHHON OTIIMBKHM, 3aTBEpACBAIOIICH B
KOKHJIE.

Hayunas HoBHM3Ha. BrnepBbie ompeseneHa BO3MOX-
HOCTh M YCJIOBHSI peaju3aluyl KOMOWHMPOBAHHOTO BO3-
JIEHCTBUS Ha 3aTBepzeBaronuii cruiaB SC51A (AKSM), 3a-
KIFOYaomascss B MPUMEHEHUH MOIU(DHUIIMPOBAHUS Yilb-
TpaUCIIEPCHBIM MOIU(DHUKATOPOM M T'a30IMHAMHYECKOTO
BO3JECHCTBUS.

IIpakTHyeckas 3HAYMMOCTb. Pa3paboTaHBl TEXHOIO-
THYECKUE PEXHMMBI OCYIIECTBICHHS KOMOWHHUPOBAaHHOTO
BO3JICHCTBUS Ha pacIulaB B IPOLECCE KPUCTAJUTU3ALUH B
KOKWJIE OTJIUBKU ,,0IIOPHbIM HAKOHEUHUK CTOMKH KOHBEHe-
pa‘““ maccoii 1,1 kr u3 cimaBa SC51A (AKSM).

KoroueBsle ciioBa: omauska, 3ameepoesanue, 2azo0u-
Hamuueckoe 6osoelicmsue, Mooupuyuposanue, MmexHoo-
2Usl, MexaHuiecKue Ceolcmed

Pexomendosano 0o nybnikayii O0okm. mexH. HAYK
B.T. Kanininum. [ama naoxoooicenuss pykonucy 06.04.14.
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