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Abstract. In modern mechanical engineering, cast parts fu@mous alloys are widely used.
However, the use of technological processes tleadssociated with casting, having complex gating-
feeding systems, does not ensure the producticasiings without defects of shrinkage origin. The
reason for the appearance of such defects in gasiinthe difference in the volumes of the liquid
and hard alloy and the deficiency of the liquid gdaat the crystallization front, especially in
separate massive zones of the casting adjacenelatively thin walls. A known method of
compacting a cast structure by minimizing shrinkpgeosity is hot isostatic pressing (HIP). The
most widely used HIP is for the production of densen-porous products from metal powders, as
well as for the sealing of shaped castings. Howeteeensure the necessary characteristics and to
eliminate defects in the finished product, it iscessary to strictly observe all technological
operations of hot isostatic pressing.
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AHHOTauMsA. B cOBpeMEHHOM MAaIIMHOCTPOEHUE IIUPOKO MPUMEHEHHE MOJTYYWIN JIMThIe IE€TAIH U3
paznuuHbIX crulaBoB. OJHAKO NMPUMEHEHHE TEXHOJOIMYECKUX IPOLIECCOB, KOTOPBIE CBSI3aHbBI C
JUTBEM, WMEIOIINE CJIOKHBIC JIMTHUKOBO-IUTAIOIINE CHCTEMBI, HE OOCCIICYMBACT IIOyYCHHE
OTIMBOK 0e3 Je(DEeKTOB YCaJOYHOTO MPOUCXOXKACHUS. [IpUUMHON TIOSABICHUS B OTJIHMBKAX TaKOTO
poJia 1eEeKTOB CIYKHT pa3HHIla 00bEMOB XKHUJIKOTO M TBEPJOTO CIUIaBa U MePUITUT KUAKOH (Ha3sl y
(¢poHTa KpHUCTAUIH3ANN, OCOOEHHO B OTAEIHHBIX MAaCCHBHBIX 30HAX OTJIHMBKH, CONPEACIHHBIX CO
CpPaBHUTEIFHO TOHKMMH CTCHKaMH. M3BECTHBIM CIIOCOOOM YIIJIOTHEHHS JIUTOH CTPYKTYPHI 32 CUET
MUHAMM3ALUK YCAIOYHOM IOPUCTOCTH ABJIAETCA ropsdee m3ocratmyeckoe npeccosanue ([HII).
Hawn6Gonee mumpoxo I'MIT nmpumeHsieTcsl s MPOW3BOACTBA TUIOTHBIX HM3ACTHN M3 METALTHYECKHUX
MTOPOIIIKOB, a TAKXKE JUIS YILIOTHEHUS (PACOHHBIX OTIAMBOK. OHAKO s 00CCIICYeHUST HEOOXOIUMBIX
XapaKTCPUCTHK U JJIs YCTPAHCHUS NE(PEKTOB TOTOBOIO H3JACIHS, HEOOXOAMMO CTPOro COOIOAATH
BCE TEXHOJIOTMUECKHE OTEPALIUU FOPSYEr0 U30CTATUYECKOTO MPECCOBAHMUS.

In recent years, hot isostatic pressing has atiactore and more attention
due to the possibility of creating products of arencomplex shape, which is often
disadvantageous or even impossible to obtain liitivaal methods. Obtaining a
product even of a simple shape by traditional m#ghoasting, plastic deformation,
heat treatment, mechanical processing) takes at&mtmnological cycle, which can
reach several months. In a number of cases, wijacte calculations of real
costs, additive technologies turn out to be legepgive than traditional ones [1].

The following well-known technologies (casting, rhegng) have been and
remain analogues of the hot isostatic pressing odeth

All methods have their own disadvantages and adgast It can be seen that
HIP is used where there are significant materiatsaluring processing and high
requirements are imposed on the final shape obtb@ucts.
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Tab. 1. Technologies for the production of produdts mechanical
engineering

Casting HIP Mechanical restoration
Product quality Low High High
Material loss Low Low High
Labor costs Low Low High

Isostatic pressing requires high-pressure vesbki#¥), in which the pressure
of a compressed inert gas or liquid is appliedegittirectly to the object to be
treated or to the surfaces of a capsule filled watvder.

Safety problems have been solved by creating lastais in which the radial
forces are taken up by a one-piece forged steehdmi, prestressed with a
kilometer long winding of strong steel wire, an@ #ial forces are transmitted by
two movable covers to the outer frame, which i® atsa prestressed state created
by the wound wire. The negative pre-stresses inS¥iB, created by the wound
wire, are calculated so that the most critical congmts of the presses (SVD and
the frame) are in a somewhat compressed state veliren maximum pressure is
created inside the vessel. Thanks to this techsmation, the presses have reduced
weight, high resistance to destruction under cydbads, and therefore are
practically safe [2].

In order to improve the quality of products, itnecessary to control three
processing parameters - pressure, temperatureiraed They are selected so that
the object acquires full density as a result of tmpact. Depending on the goals of
the process, the pressure and temperature in mddiétnequipment can reach
200MPa and 2000°C, respectively, but for specipliegtions, equipment has been
developed that allows creating temperatures up @03C and pressure up to
300MPa in the working volume.

One of the important features of the HIP technolisgg significant decrease
in the temperature required for sintering (up tell®%), which is a consequence of
the applied pressure. This circumstance is of canable interest from the point of
view of the technology of metals and ceramics, esiint these materials, after
barothermal treatment, a fine-grained crystal s$tmgc remains, which largely
determines their mechanical properties. The highintlal conductivity of the gas,
which at high pressure has a density close toahafater, is the main factor in the
cooling process. This leads to two advantagestiagable reduction in the cooling
process time.

Consolidation of metal powders is the most commdR Hpplication. The
reason for this is that traditional casting techmes) in particular ingot casting and
continuous casting, involve rather long coolingpstef the ingots, during which the
atoms of the elements that make up the alloy diffiiem the outer regions of the
ingots to the inner ones. As a result, inhomogewiare formed, both in the
chemical composition and the microstructure of ittgots, which complicates the
further processing of the metal and reduces thesipalyand mechanical properties
of the products. Powder metallurgy allows solvifgs tproblem by converting
molten metal into microscopic ingots during itspaission [3].
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The role of the HIP in the removal of defects irstcenetal blanks is also
noticeable. While powder consolidation is one @& thost promising areas of HIP,
improving the quality of metal castings is a wideked operation on an industrial
scale. Improving the quality of castings by the Hithod is associated with the
removal of internal defects such as porosity, makshrinkage and interdendritic
cracks that form during the solidification of thestal. The HIP eliminates these
defects by first closing the walls of the voids @cling to the mechanisms of creep
and plastic deformation, and then by diffusion wegdof the pore surfaces brought
into contact. Thus, the casting acquires a homages)eompletely dense structure.
In general, the properties of metal castings &t become very similar to those
of similar objects obtained using deformation tesbgies.

Currently, using hot isostatic pressing, it is flolesto achieve a number of
unique properties of materials and to solve varieabnological problems:

- preservation of a fine-grained crystal structue metal and ceramic
products, which determines their mechanical progert

- the use of a high cooling rate of the processeducts and the possibility of
using hardening, achieved by the high thermal cotndty of the gas under high
pressure;

- elimination of non-uniformity of castings thataues during conventional
casting and caused by diffusion of product layers tb the long duration of their
cooling;

- removal of shrinkage and internal cracks formednd) metal cooling;

- removal of porosity of metals, including thoseanéhe surface of castings,
which significantly improves the quality of the nmawed surface, gives improved
wear resistance and reduces friction during theatjps of parts;

- communication to metals of properties that werevipusly obtained only
during their deformation processing;

- improvement of resistance to gas pressure atimgfubints, reduction of the
number of centers initiating corrosion;

- removal of microcracks that appear during repegtding, for example,
when repairing turbine blades.

Considering the above, as well as the fact thatntle¢hod of hot isostatic
pressing can be used to optimize many traditioeethriological processes, as well
as to create parts that cannot be manufacturedhay methods, the HIP method is
currently the most promising direction in matepabcessing [4].

Traditional technologies for producing productsaondry have a rather long
duration and laboriousness of the process, butthéhuse of HIP technology, high-
quality products with a mass with improved propgertcan be obtained. In this
regard, based on PJSC Ruspolymet, a project hasdeseloped for the creation of
an import-substituting production of blanks fromtaigpowders based on industrial
technology of hot isostatic pressing using additenologies.

The work was carried out with the financial suppoftthe Ministry of
Education and Science of the Russian Federatiohirwihe framework of the
project “Creation of high-tech production of masésj products and equipment
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using additive technologies and gas-conditionirtptelogies on the basis of PJSC
RUSPOLIMET under Agreement No. 075-11-2019-084 &f1.2.2019 (Resolution
of the Government of the Russian Federation of |A&;j 2010 No. 218).
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