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ANNOTATSIYA Kalit so‘zlar:

Ushbu maqolada kulrang cho‘yandan yuqori konstruksion, yupga | kulrang  cho‘yan,
devorli quyma mahsulotlar olishda yonuvchi modeldan foydalanish | yonuvchan model,
texnologiyasi tadqiq etilgan. Tadgiqot ishida sifatli quyma mahsulotlarini | quyish
uchun yonuvchan modellardan foydalanish texnologiyasi | texnologiyasi,
takomillashtirilga. Yonuvchi model sifatida foydalaniladigan materialning | yupga devorli
xususiyatlari, modelning o‘lcham aniqligi va sirt holatining quyma | quymalar, termik
mahsulot sifatiga ta’siri tahlil gilingan. Shuningdek, modelni maxsus | parchalanish,
goplama bilan tayyorlash hamda suyuq kulrang cho‘yan bilan o‘zaro | quyma nugsonlari,
ta’sirlashish jarayonida modelning parchalanish xususiyatlari ko‘rib | qoliplash, quyma
chigilgan. Tadgiqot davomida tayyor quyma mahsulotlarni olishda yuzaga | mahsulot,  CNC,
kelishi mumkin bo‘lgan gazli nugsonlar, suyuq qotishmaning qolip | EPS
bo‘shlig‘ini to‘ldirishi hamda quyma sifatiga ta’sir etuvchi asosiy omillar
aniglangan. Olingan natijalar asosida yonuvchi modellardan unumli
foydalanishning optimal texnologiyasi asosida kulrang cho‘yandan
olinadigan quyma mahsulotlarining sifatini yaxshilash imkoniyatlarini
ko‘rsatadi. Tadgigot natijalari murakkab shaklli, yuqgori konstruksion,
yupqa devorli detallarini kulrang cho‘yan qotishmasidan kam miqdordagi
mexanik ishlov bilan ishlab chigarish texnologiyasini takomillashtirishda
amaliy ahamiyatga ega..

Improvement of lost-foam casting technology for

producing cast products from gray cast iron

ANNOTATION Keywords:

This article investigates the technology of using expendable | gray cast iron,
patterns for producing high-structural, thin-walled cast products from gray | expendable pattern,
cast iron. In the research, the technology of using expendable patterns for | casting technology,
producing high-quality cast products was improved. The properties of the | thin-walled
material used for the expendable pattern, the dimensional accuracy of the | castings, thermal
pattern, and the surface condition were analyzed in terms of their influence | decomposition,
on the quality of the cast product. In addition, the preparation of the pattern | casting defects,
with a special coating and the decomposition characteristics of the pattern | molding, cast
during interaction with molten gray cast iron were considered. During the | product, CNC, EPS
study, the main factors affecting the occurrence of gas defects, filling of the
mold cavity by the molten alloy, and the quality of the cast product were
identified. Based on the obtained results, the possibilities of improving the
quality of cast products made from gray cast iron using an optimal
technology for the effective application of expendable patterns are

]

L MAC

LA

OUR

i
| 'I.

-

1

\\ e

|8l

Fi

_L.\\ J

Al

-

CIETC

_:‘\ J

I

T
|

o

4



mailto:khasanov9339@gmail.com

L

MASHINASOZLIK ILMIY-TEXNIKA JURNALI
HAYYHO-TEXHUYECKUM KYPHAJ MAIIIMHOCTPOEHUE

Ned OKTYABR 2026
ISSN 2181-1539

demonstrated. The results of the study have practical significance for
improving the technology of manufacturing complex-shaped, high-
structural, thin-walled parts from gray cast iron alloy with a reduced
amount of machining.

CoBepuieHCTBOBAHUE TEXHOJIOTUH JIUTHS 110
razuguuupyemMbIM MOJEJISAM JJIA MOJTYyYeHUs
JIATHIX M3/1eJIMH U3 CEPOro 4yryHa

AHHOTALIUA
B naHHOW cratbe uCCIEIOBaHA TEXHOJOTHS HCIIOJIb30BaHUS
ra3uuuupyeMoil MoAenu i MOJY4YEHHS BBICOKOKOHCTPYKIIMOHHBIX
TOHKOCTEHHBIX JIMTBIX U3JEJIUI U3 Ceporo uyryHa. B uccienoBaTenbckoit

pa60Te YCOBEPIICHCTBOBaHa TCXHOJIOTHUA HCIIOJIb30BaHHA
r%nq)nunpyeMHx MOHGHGI;'I AJid MOJIy4YCHHA KAYCCTBCHHBIX JIMTBIX
HSHeHHﬁ. HpoaHaJ'II/I3I/IpOBaHO BIIMSAHHC CBOJMCTB MarTepuaiia,

WCIOJIB3YEMOT0 Il U3TOTOBJICHUS Ta3u(PUINPYEMON MOIEITH, pa3MepHOU
TOYHOCTH MOJEIM M COCTOSHUS €€ IMOBEPXHOCTU Ha KadecTBO JIMTOIO
u3nenus. Kpome Toro, paccMOTpeHbI TEXHOJIOTHS MTOATOTOBKH MOJENHU C
UCIOJIb30BAHUEM  CIELMAIBHOIO  IOKPBITUS M XapaKTEPUCTHKU
pa3IoKEeHUsI MOJIEIH MPU B3aUMOJEHCTBUM C KUJKHUM CEpbIM 4yryHOM. B
XOZIe MCCIEOBAHUs ONpEAETCHbl OCHOBHBbIE (DAaKTOPBI, BIUSIOIIME HA

KiroueBble cjioBa:
cephlit YyTYH,
razuduuupyemas
MOJIETIb,
TEXHOJIOTHS JIUThS,
TOHKOCTCHHEBIC
OTJIMBKH,
TEPMUYECKOE
pa3JoxKeHue,
Je(eKThI JIATHA,
dbopMOBKa, JTUTOE
H3JICIINE, CNC,
EPS.

oOpa3oBaHMe Ta30BBIX Je()EKTOB, 3AMOIHEHUE TOJIOCTH (POPMBI KUIKUM
CIJTABOM M KayecTBO JIUTOro wu3fenus. llomydeHHbIe pe3ysbTaThl
IIOKAa3bIBAalOT BO3MOXXHOCTHU IIOBBIIICHHUA Kade€CTBa JIUTBIX I/I3I[eJ'II/II71 u3
Ceporo 4yryHa Ha OCHOBE ONTHUMAJIbHOH TEXHOJOTUH 3S(PPEKTUBHOTO
WCIIOJIb30BAaHUS Ta3u(UIIUPYEMBIX MOJIeNel. Pe3ynbTaThl MCCIeI0BaHuUs
UMEIOT TPAKTUYECKOE 3HAUCHHE JUIS COBEPUICHCTBOBAHUS TEXHOJOTHU
HU3TrOTOBJICHUA CJIO)KHOHpO(i)I/IJH)HI)IX, BBICOKOKOHCTPYKIIMOHHBIX
TOHKOCTEHHBIX JeTalell U3 Ceporo 4yryHa ¢ MUHHMAIBHBIM O00BEMOM
MEXaHU4YEeCKOI 00paboTKH.

Introduction. The production of cast products is one of the important technological methods
for manufacturing parts with complex geometric shapes in mechanical engineering and other
industrial sectors. In the production of complex-shaped parts, the proper selection of the casting
method helps to minimize the volume of subsequent machining, as well as ensuring the geometric
accuracy of the product, casting quality, and its mechanical properties. Therefore, the development
and improvement of modern casting technologies aimed at expanding the technological capabilities
of conventional casting methods is considered one of the important scientific and practical areas [1].

The production of cast products using expendable patterns (Lost Foam Casting, LFC) is
considered one of the promising casting technologies that enables the production of complex-
shaped, thin-walled cast products with minimal machining. In this method, an expanded polystyrene
(EPS) or other polymer foam material is used to produce the pattern. In disposable molds, when
molten metal is poured, the metal occupies the cavity formed as a result of the thermal
decomposition of the pattern. The important advantages of this technology include the absence of a
parting plane, the possibility of producing complex-shaped, high-structural parts, reduced need for
the use of cores, and reduction in the volume of machining [1,2].

The properties of the expendable pattern in the LFC process are considered one of the main
factors determining the quality of the cast product. The material, density, dimensional accuracy, and
thermal decomposition characteristics of the pattern affect the process of filling the mold cavity with
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molten metal. As a result of the decomposition of the EPS pattern under the influence of molten
metal, gaseous products are formed, and their removal from the mold is important for the stability
of the metal flow [3,4]. Kannan et al. analyzed physical and kinetic models of the thermal
decomposition of EPS and showed that a special approach is required to describe the LFC process
because the conditions of polymer decomposition differ from those of conventional thermal
processing [3].

Simultaneously with the decomposition of the expendable pattern, a gas layer is formed
between the metal and the pattern. The gas pressure in this layer can affect the movement velocity
of the metal and the mold filling process. Mirbagheri et al. developed a mathematical model that
takes into account foam decomposition, gas removal, and the permeability of the refractory coating
in the LFC process. In the study, gray cast iron was poured at a temperature of 1350 °C, and the
experimental and modeling results were compared [4]. Shayegh et al. proposed a two-dimensional
model that takes into account the decomposition of the EPS pattern, heat transfer, and gas diffusion.
Their results showed that pattern density, coating permeability, and pattern decomposition
temperature are important parameters affecting the mold filling process by the metal [5].

The refractory coating applied to the surface of the pattern is also an important component
of LFC technology. The removal of gases generated during pattern decomposition from the mold
depends on the gas permeability of the coating. In experiments conducted by Chang and Shih with
molten gray cast iron, the effects of coating particle size, type and amount of binder, and coating
thickness on gas permeability were investigated. The study observed favorable conditions related to
gas removal and back pressure in the mold when the coating thickness was less than 0.5 mm [6].

In LFC technology, gas defects may form if the decomposition products of the pattern are
not sufficiently removed from the mold. Sun, Littleton, and Bates investigated the formation
mechanism of gas cavities in iron castings. The researchers determined the carbon concentration
and coating residues in the gas cavities and showed that the retention of foam pyrolysis products
within the metal is an important factor in the formation of such defects. Under production
conditions, a reduction in the reject rate from 25% to 5% was reported as a result of changing the
technological parameters [7].

The effect of additional technological influences during the casting process on the properties
of gray cast iron has also been investigated. Qiu and Xiao studied the effect of mechanical vibration
on HT100 gray cast iron produced by the LFC method. According to the results of the study, changes
in vibration parameters led to changes in graphite morphology, austenite structure, and mechanical
properties [8]. Xiao et al. investigated the effect of vibration frequency on the primary phase,
graphite morphology, and mechanical properties of gray cast iron produced by the LFC method [9].

The above studies show that several factors simultaneously affect casting quality in LFC
technology, including the properties of the expendable pattern, its thermal decomposition, coating
gas permeability, metal mold-filling conditions, and solidification process [3-9]. However, most
existing studies have focused on individual parameters of these factors. The comprehensive
evaluation of the technological sequence of expendable pattern preparation, pattern dimensional
accuracy and surface condition, as well as the stages of its preparation for casting in order to produce
gray cast iron cast products, requires further research.

In this regard, the aim of this study is to investigate the technology for preparing an
expendable pattern for producing cast products from gray cast iron, to determine its main
technological parameters, and to evaluate the effect of the conditions for preparing the pattern for
casting on the quality of the obtained cast product.

Materials and methods. In this study, the technology for preparing the pattern used in the
casting process of a lifting shiber component made of gray cast iron was investigated. The main
focus of the study was to determine the possibilities of using an expendable pattern instead of a
conventional wooden pattern, as well as to evaluate the possibilities of reducing time, raw material
resources, and energy consumption during pattern preparation.
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The lifting shiber component presented in the SP—1037 and SP—1033 drawings was selected
as the research object. Based on the geometric shape and structural dimensions of the component,
its three-dimensional digital model was developed using SolidWorks software. The prepared 3D
model was subsequently used to form the geometric basis of the expendable pattern and to determine
its structural parameters. Thus, the pattern preparation process was brought to a unified geometric
basis for evaluating its accuracy, technological sequence, and resource consumption [Figure 1].

Figure 1. Views of the 3D model of the rising gate component developed in Solidworks based
on the SP-1037 drawing.

Using the above-mentioned drawings, the patterns were made from polystyrene material,
which is highly flammable and consists of 5% hydrocarbon styrene monomer and 95% air. The
density of the selected polymer material is 11-32 kg/m?, its strength limit is 30-40 MPa, and its
melting temperature is 150-200 °C. Based on this material, expendable patterns were prepared on
a CNC ROUTER machine using the SP—1037 and SP—1033 drawings, and their views are presented
in Figure 2.

Polystyrene foam component
(after CNC machining)

CNC ROUTER

oo roic- LY

Figure 2. Models of the rising gate component made from polystyrene material using
a CNC ROUTER machine.

The patterns were prepared on a CNC ROUTER machine taking into account the shrinkage
of the polystyrene material of 0.2—0.3% and the shrinkage of the aluminum material of 2-3%. For
the largest dimensions of the patterns, 800 mm and 990 mm, the dimensions of 818 mm and 1012
mm, respectively, were calculated by adding the corresponding shrinkage allowances.

As shown in the SP-1037 drawing, the two middle walls have a length of 250 mm and a
thickness of 8 mm, while the two horizontal side walls have lengths of 240 mm and 222 mm and a
thickness of 10 mm, and the outer joining radii of these walls are 185 mm. During fabrication on
the CNC ROUTER machine, a casting draft of 10-15% was provided for all side, middle, and corner
walls of the pattern. This eliminated defects occurring on the mold walls during separation of the
pattern from the sand-clay mold and reduced the mold preparation time. Incorrect calculation of the
draft radius on the rear wall of this pattern may result in a reduction in the service life of the cast
part or lead to complex processes such as machining after casting. Taking into account the
shrinkage, bending, twisting, compression, bending, and deformation properties of the cast part,
possible defects arising from the pattern dimensions were eliminated.
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Figure 3. Model created based on the SP-1033 drawing.

Since the SP-1033 drawing of the rising gate component provided by O‘zmetkombinat JSC
did not contain the dimensions required to create the pattern, its 3D model was created using
Kompass, and all dimensions from the 2D model were determined. The two longest walls of the
pattern had a length of 990 mm and a thickness of 10 mm, while the middle walls had a length of
147 mm and a width of 8 mm. As noted above, for this pattern as well, the casting drafts for all walls
were made in a conical shape, and the shrinkage values for polystyrene, duralumin, and gray cast
iron materials were calculated. After the additional wall was cast from duralumin material, cutting
and grinding operations were carried out. The 3D model created in SolidWorks based on the SP—
1033 drawing and the pattern made from polystyrene material usinga CNC ROUTER are presented
in Figure 3.

The models of the rising gate components were prepared using this technological method
due to their complex shape, precise dimensions, and flat surfaces, resulting in high efficiency.
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The technology for preparing the expendable patterns of the rising gate components included

sequential stages from digital design to obtaining the physical pattern. Initially, the geometric
parameters of the component were analyzed based on the SP-1037 and SP—1033 working drawings,
and their three-dimensional digital models were developed in a CAD environment. At the next stage,
the digital model data were transferred to the CNC ROUTER 2130 machine, and the expendable
patterns were formed by machining the polystyrene material. The prepared patterns were inspected
according to the main geometric dimensions, and their conformity with the working drawings and
the developed 3D model was evaluated. The technological sequence from digital design to physical
pattern preparation used in the study is schematically presented in Figure 4.
L Based on the patterns made from polystyrene material using the CNC ROUTER machine
according to the SP-1033 and SP-1037 drawings of the rising gate components, the castings from
gray cast iron alloy were produced in the foundry-mechanical section of “Detalmash” LLC in
Namangan Region using an IST-0.2 melting furnace. Secondary return gray cast iron alloys were
used as the charge materials, with a total charge of 90 kg.

For the vacuum mold, 80-84% quartz sand, 5-6% bentonite clay, and 6-7% water were
mixed in a batch mixer for 15-20 minutes. During charging of the IST—0.2 furnace, first the larger
and then the smaller charge materials were loaded, while ensuring that the secondary alloys
contained no moisture. The patterns prepared from the expendable material were coated with a 1-2
mm refractory coating and then dried at room temperature for 8-10 hours.

The dimensions of the vacuum mold, 150 cm, 210 cm, and 110 cm, made it possible to cast
the two patterns prepared according to the SP—1033 and SP-1037 drawings simultaneously. During
the molding process, the quartz sand was sieved through 0315, 025, and 016 sieves, and because its
fraction belonged to the 025 group, the removal process of the polystyrene pattern after burning in
the vacuum mold under a pressure of 6 MPa was accelerated. Compared with obtaining castings in
conventional molds, the castings obtained by this method were characterized by their accuracy, the
absence of the need for machining, and lower consumption of molding materials, while the ease of
automation also resulted in a significant increase in productivity.
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7 the finished patterns for casting gray cast iron alloy.

To ensure the high quality of the cast rising gate components, the feeders, slag traps, and
pouring channels were calculated. Considering that it is important for the molten alloy poured into
the mold to fill all walls of the pattern proportionally, the feeders were positioned by dividing the
total length of the two side walls of the pattern by 1/4 and were prepared as shown in Figure 5.

The two feeders attached to the pattern walls and the feeder positioned above them also
served as slag traps. When placing the patterns in the vacuum mold, 50-80 mm of coarse-fraction
sand was first placed at the bottom of the mold, taking into account that it would not obstruct the
vacuum pump from drawing air through the holes in the vacuum pump pipes. The patterns with the
pouring channel and feeders attached, coated with a refractory coating containing 8-11% alumina
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chamotte, 4-5% electrocorundum, 2.9-4.4% zirconium, 1.5-2.5% refractory clay, 1.5-2.9% kaolin,
4.5-5% water glass, and water, and drled at room temperature, are presented in Figure 6 [10-12].

a) b)
Figure 6. a) Model prepared based on the SP-1037 drawing; b) Model prepared
based on the SP-1033 drawing.

Discussion. The patterns prepared from polystyrene material using the CNC ROUTER
machine based on the SP-1033 and SP-1037 drawings and coated with refractory paint on their
surfaces are presented in Figure 6. When placing the patterns in the vacuum mold, 5-7 cm of coarse-
fraction sand was first placed, and the sand was compacted at the bottom of the mold using a
specially installed pressing device.

During the study, the technology of preparing models of high-structural, complex-shaped
parts from polystyrene material using a CNC ROUTER machine based on the SP-1033 and SP—
1037 drawings was used. The digital control of this equipment played an important role in accurately
preparing the dimensions of the models.

The feeders installed on the models based on precise calculations also served as slag traps.
In addition, the pouring channels and pouring cups were prepared with equal dimensions so that the
molten metal could be poured within the same time regime. These arrangements ensured the
simultaneous entry of the molten gray cast iron alloy into the mold cavity from both sides.

Technological Process for Vacuum Lost-Foam Casting of Duralumin Alloy
Based on SP — 1033 and SP — 1037 Models

a Drawings and prepared polystyrene models e Prepared SP — 1033 model
SP - 1033

a3
- 08 1 f s
O LT Ay
240 2 L
SP - 1037

‘:D———'—{ U SP - 1033 model SP — 1037 model

o Preparation of vacuum molding sand eﬁnud\ehmnsandhyunnnmld 6 mm‘?“m‘;‘d o Top sand layer and mold closing

T————— 5 S
6 > - [\ L5
\ ) ! N " =
Quartz Bentonite clay Wam * / \
B0-84% (5-6%) (6-7%) e —— (T S— e SP - 1033 SP - 1037
Add a 4 - 6 cm thick layer of molding sand

Place a 50 ~ 80 mm thick layer of
Mix for 15 - 20 minutes in a kneader. mmimn at the bottom of the mold SP-1033 SP - 1037 (5 -6 % bentonite, 4 — 5 % water),
cover with film and cut the pouring cup area.

and compact it.
Vacuum casting (only for SP — 1033 model)

Main materials and process parameters
Parameter / Material Value |
Model material Polystyrene (EPS)

Refractory coating thickness | 1 - 2mm
Drying time (soom temsperature) | 8 - 10 hours
Quartz sand (mokding sand) | 80 - 84 %
Bentonite clay (molding sand) | 5~ 6%
Water (mokding sand) 6-7%
Mixing time 15~ 20 ke
Bottom sand layer 50 - 80 mm
4-6cm
Top sand layer (5~ 6 % bentonite,
4~ 5 % water)
Dry the molds for casting duralumin alloy in an Vacuum mold after casting Mold charge 90 kg (return load)
IST - 0.2 furnace for 90 kg per batch (return load). Pour molten duralumin alloy through two long side for each model. Drying unit IST-02
First, the large pieces are loaded, then the small pouring channels simultaneously under vacuum (6 MPa). Vacuum pressure 6MPa

pieces, ensuring no moisture remains. Casting method ‘Vacuem losfoa casting |

Figure 7. Integrated technological workflow for vacuum lost-foam casting of gray cast iron
alloy using CNC-fabricated polystyrene patterns
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The use of a vacuum mold contributed to improving the stability of the casting process. The
purpose of coating the surface of the polystyrene pattern with a refractory coating was to ensure that
the patterns could be placed into the mold without damage. Overall, the CNC equipment
demonstrated its effectiveness in preparing expendable patterns. In the vacuum mold, the
preparation of complex-shaped parts proved to be a practical technological solution for casting.

Conclusions. In the study, the technology for preparing polystyrene patterns on a CNC
ROUTER machine, corresponding to the geometric shapes of complex-shaped, high-structural
components based on the SP—1033 and SP-1037 drawings, was improved. 3D models were created
using SolidWorks based on the drawings. In addition, the CNC ROUTER STM2130C equipment
enabled the formation of the structural elements, internal surfaces, and curved sections of the casting
pattern in the required shape.

A technology for coating the polystyrene patterns with a refractory coating was developed.
The optimized arrangement of the expendable patterns in the vacuum mold and the composition of
the molding material contributed to the stable organization of the casting process.

To ensure the production of high-quality cast products, the technology for positioning the
pouring channels and slag traps was improved. In particular, the dimensions of the main feeder were
optimized to ensure that it simultaneously served as a slag trap. All technologies used during the
study provide a practical possibility for producing complex-shaped, high-structural cast
components.
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