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USE OF ADDITIVE TECHNOLOGIES IN THE MANUFACTURE
OF CENTRAL IMPACTORS

Purpose. Analysis of methods of manufacturing centrifugal blades by 3D printing methods on the example of a
modernized cooling system of the AI-450M engine of the Mi-2MSB helicopter.

Research methods: calculation method of finite elements, analytical.

Results. Studies have shown that the use of layer-by-layer printing technology of the centrifugal wheel of the cool-
ing system provides the following opportunities and improvements.

- reduce the percentage of rejection of finished products by 8-9 times,

- reduce material consumption by 300—400 %;

- increase the speed of production, experiments and testing the manufacture of working elements through the de-
velopment of new technologies for rapid production (rapid fabrication),

- easy printing of previously “impossible” geometry.

The analysis of possible types of manufacturing of working centrifugal wheel and the calculated estimation of
thermodynamic parameters in the course of step-by-step drawing of layers of metal is carried out. The problem of a
large percentage of defects in the process of classical-mechanical milling of blades was solved by changing the type of
production to additive one.

Scientific novelty. In today's world, the spread of CAD / CAM / CAE / PLM technologies and the accumulation of
a wide library of materials open up a large number of new and more efficient, in terms of economy and quality, methods
of manufacturing components and units. Following the example of such giants in the production of aircraft engines as
Rolls-Royce Motor, General Electric and Pratt & Whitney, it is clear that the use and development of the latest methods
of three-dimensional printing is appropriate.

Practical value. The obtained results are important in the further process of production and modernization of
Mi-2 helicopter of all modifications with the latest engines, as well as for projects for the development of helicopter
construction in Ukraine - MCB-2 “Hope”, MCh -6 “Otaman”, MCb5-8 and others. The ability to increase the efficiency
of manufacturing the main working elements - blades allows you to reduce the cost of components, their further repair,
operation. The most important factor is to increase reliability, as in the manufacture reduces the likelihood of defects,
which will not be detected at the stages of intermediate and final control.

Key words: additive technologies (AT), 3D printing, layer-by-layer extension, centrifugal wheel (CW), finite ele-
ment method (FEM), cooling system (CS), modernization, air system, pneumatic system, aircraft compressor.

Introduction

When setting the geometry in the form of reference
points, lines and surfaces (frame model) and its subse-
quent translation into the most common stl., Step., X _t. or
another format, which can then be cut with slice-sulfur —
we get a layered image of each intermediate section,
which is set by the boundary splines and baked by lasers
along the trajectories.

Currently, the most common elements with complex
geometry are the impellers of centrifugal fans, pumps and
compressors [2]. Since these elements are structurally
monolithic, and the number of blades that need to be pro-
cessed exceeds 10, their manufacture by metal subtraction
methods is impractical [7].

Additive methods of production of centrifugal blades
and impellers of compressors, pumps and fans will become
more and more popular every year, they can be found in the
manufacture of high and low pressure compressors for air-

Working rotary elements currently have a complex
geometry, which is difficult, and in most cases even im-
possible to transfer geometric dimensions. In their manu-
facture, working tools perform complex spatial move-
ments in 6 degrees of freedom. Even in the case of using
CNC machines, the manufacturing process is delayed and
sometimes can not even be completed, due to the impos-
sibility of supplying the cutting tool to the workpiece
without the risk of its breakdown [8].

One of the most promising areas of development of
modern engineering is the development of new technolo-
gies for rapid production of products (rapid fabrication).
The essence of such technologies is the layer-by-layer con-
struction of products from powder material on the basis of
CAD-models — models whose three-dimensional geometry
is described in digital form, using solid-state modeling pro-
grams (SolidWorks, CATIA, ProE, AutoCAD, etc.).
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craft and ground engines, air pneumatic and hydraulic pumps
of responsible systems, power plants, cooling fans [1].

1 Analysis of research and publications

Considering the process of development of methods
of production of elements of pumps, fans and compres-
sors, special attention is paid to the period 2010-2020
[3-6], in which the active development of additive tech-
nologies began, the literature of this period is the newest,
relevant and has the largest authority. Most scientists and
authors note the special attention of the giants of the avia-
tion and engine industry in the field of spatial printing.
“Prospects for the use of additive technologies in the crea-
tion of aerospace and rocketry” — the result of an in-depth
analysis of the latest trends, means of saving and increas-
ing reliability in the production of the most loaded pneu-
matic and hydraulic systems.

Spatial printing is usually appropriate for the manu-
facture of parts of complex geometry with a large number
of planes and thin-walled elements in the production of
small and medium batches, and less appropriate for parts
with a simple structure and mass or multi-batch produc-
tion [3].

Thus, this paper presents a modernized centrifugal
fan of the Mi-2 helicopter and performed CAD calcula-
tions (temperature, deformation, mechanical stress) in the
most important section for this part, provided it is manu-
factured using additive technologies.

2 Goal of the work

The main purpose of this work is the analysis of
methods of manufacturing centrifugal blades by 3D print-
ing methods on the example of the modernized cooling
system of the AI-450M engine of the Mi-2MSB helicop-
ter.

Increasing production productivity, and as a conse-
quence of reducing the cost of manufacturing working
blade parts and assemblies is possible in the following
ways:

- organization of production;

- increase of a series;

- use of more advanced equipment;

- mechanization of the cycle;

- the use of fundamentally different production
methods that save time of equipment operation, material
consumption and other indicators of production.

Changing the organization of production is not al-
ways possible within the established type of management.
This requires a lot of money and a lot of work with man-
agement. The organization of production is a matter for
coaches and managers, from the point of view of technical
workers this issue is not considered.

Increasing the production series is not an effective
way, because in some cases, it is not appropriate due to
low demand for goods, or experimental / experimental
type of production, which is mandatory in the initial stag-
es of production. Particular attention should be paid to the
fact that in the field of aircraft construction - mass pro-
duction is a rare phenomenon and is not permanent. The
convenience of the additive method is the ability to manu-

facture parts and assemblies in series of up to 100 and
more than 10,000 with a relatively equal cost per unit of
goods.

The use of more advanced equipment is always a
large pile of economic calculations of production costs,
calculation of series payback ratios, cost-effectiveness
ratios of capital investments, payback period indicators,
which in many cases will indicate the inexpediency of
purchasing new equipment. It is also unprofitable to in-
stall new tools for small series of production, which also
closes the possibility of experimental and small-scale
production.

Mechanization of the production cycle can signifi-
cantly reduce the percentage of manual labor, increase the
pace of production, allows you to go to a parallel or se-
ries-parallel cycle, but can be used effectively only in
mass production.

Due to all these factors, the most logical way is to
find the latest production methods that will contain the
advantages of the classical method of machining, but will
be able to give the necessary increase in productivity.

After studying the ways of production of the world's
production giants, it was found that the methods of spatial
printing are not only used, but gradually replace the clas-
sic types of tools [5].

3 Presentation of the basic material and analysis
of the obtained results

After the remotirization and replacement of the
GTD-350 with newer AI-450M-P, which increased the
capacity, the heat output also increased. The fan assembly
has not been structurally changed, the cooling system
designed for less powerful engines began to work in more
complex conditions. Productivity began to be lacking both
for cooling the STG-9M starter generators and for blow-
ing the flanges connecting the shafts of the main gearbox
and motors (or idling clutches, if any).

Since the unit operates at a nominal 8000 rpm, it is
possible to use a centrifugal fan type. This design change
gives a big increase in the productivity of pumping cold
heated air to hot units.

As initial data, to test the feasibility and feasibility of
the additive method, were selected: the geometry of the im-
peller of the centrifugal fan unit of the helicopter MSB-2,
wheel material titanium Ti64 (granular) (the most com-
mon fine powder with close mechanical physical and op-
erational characteristics to the original titanium alloy).
Obviously, to reduce the cost of the experiment, it is ad-
visable to create a virtual copy of the product, so a spatial
model was built, which was then transformed into x t
format for calculation in the FEM system, and in stl to
analyze the success of slicer and print.

In fig. 1. The modernized centrifugal fan of the Mi-2
helicopter is presented. As a result of calculations the
ready geometry of the main and splitter blades was re-
ceived. All other wheel elements were added to CAD
COMPASS 3D. See the final geometry in Fig. 2.

To reduce the cost due to additive production, we
calculate the necessary parameters for two cases, produc-
tion by the method of spatial printing, and machining.
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Material savings are the ratio of the amount of alloy used
for milling and drilling to the amount of material that will
be converted into printing powder:

_My
M,

_ 59,971 395,
15,169

Ky

where M, — the mass of material used in the manufac-
ture of mechanical means, kg;

M , — the mass of material used in the manufacture
of the additive method, kg.

Howmo2

4 B K 4 2 1 K5 3 e 7 B R

Fig. 1. Upgraded explosive helicopter Mi-2:
1 — shaft; 2 — centrifugal wheel; 3 — stator disk; 4 — diffuser;
5 — ceramic bearing; 6 — housing; 7 — diffuser cone; 8 — fairing
housing; 9 — casing; 10 — stator blade; 11 — fairing; 12 — bolt; 13,
14 — screws; 15 — nut; 16 — washer

Fig. 2. 3D model of a working centrifugal wheel

That is, with the help of spatial printing you can save
almost 4 times
Specific energy input:

_ Py _ 70000
YV, 133269903

where P, — the amount of energy consumed during me-

E, =0,0052,

chanical production, kW;
V,; — volume of material of the workpiece of the
centrifugal wheel, mm’;
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_ P, 45000
V, 3370964
where P, — the amount of energy consumed during pro-
duction by the additive method, kW;
V4 — the volume of material required for printing the
centrifugal wheel, mm’;

=0,0133,

Ly

£y, 00133

=2.557.
E,, 00052

This indicates an increase in energy consumption in
additive printing by 255 %.

The most important factor is the percentage of print-
ing, from open sources it is known that the lack of stages
from the workpiece to the final machined impeller is in
the range of 75...85 % (in terms of triple curvature of the
working surface and the number of blades more than 10).
General Electric achieved a failure rate of 3...10 % for
compressors of complex geometry.

The final efficiency is calculated by the formula:

Cv= U Mys+ Prr Tv) Ay =
= (1200-59,971+70000-1,68)-5 = 947826,

where ], — the price of the material used for the manu-
facture of CW by mechanical means;

Ty, — the price per unit of energy input in mechanical
manufacturing;

Ay — the mass coefficient coefficient in mechanical
production, kg™

Ci=UaMy+PrTy)yAs=
— (1800-15,169+45000-1,68) 1,05 = 108049,

where ], — the price of the material used for the manufac-
ture of CW by mechanical means;

T, — the price per unit of energy input in additive
manufacturing;

A4 — the mass coefficient for additive manufactur-
ing, kg™

Cuy _ 947826 _
C, 108049

>

That is, the average increase without taking into ac-
count the costs of administrative services, sales, etc. is
877 %. The comparison in the first approximation indi-
cates a significant increase in manufacturing productivity,
compared with the original method.

With the help of FEM analysis we determine the
possibility of printing the geometry of the wheel on the
simplest printers. Analyzing the obtained results, we can
conclude that it is possible to achieve the required values
of quality and economy of the material, the details of
which are made by the additive method. Among the fea-
tures of creating a grid are the creation of a very small
grid over the entire volume of the part, the creation of the
base on which the part will be built and the creation of
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reinforcing supports (due to the complex geometry of the
main blades, the angle is greater than 70 °C). In fig. 3
presents a grid of finite elements for thermodynamic cal-
culation, and in table. 1 — initial calculation parameters.

Table 1 — Initial calculation parameters

Indicator Parameter
Sintering temperature 1604 °C
NS temperature 22 °C
Powder dimensions 0,4-0,8
Powder material Ti64
Impeller weight 15,169 kg
Pressure in the chamber 110000 Pa
Maximum material stress 1000 N/mm>
Base material 40XC

Fig. 3. Finite element grid for thermodynamic calculation

The calculation of temperature loads is carried out in
the program Ansys Transient Thermal. The input data for
the calculation were: powder material (Ti64), ambient
temperature (taken under standard conditions), parameters
of the laser installation (the simplest laser installation) and
other reference data. The dimensions of the powder are
0.4 mm. Operating sintering temperature 1604 °C
(Fig. 4). Each layer of powder is sintered and then cooled
to an ambient temperature of 22 °C.

The calculation of mechanical loads in the printing
process is carried out in the program Ansys Static Struc-
tural. The input data were the values obtained in the Tran-
sient Thermal module. As a result of the calculation, error
values due to temperature stresses in the cross sections
were obtained.

The largest defect is obtained in the cross section of
the supports (Fig. 5), which in the maximum values is
equal to 2.1 mm. The error in the cross section of the
blade at all stages of printing does not exceed 1 mm,
which is less than the required tolerance (3 mm). Because
the supports are removed after printing, an error of 2.1
mm can be neglected.

An important indicator is the shear stress in the cross
section during printing. The maximum allowable shear
stress for Ti64 is about 1000 N/mm?, in the printing proc-
ess the shear stress in the section is kept within 550
N/mm?, which is almost twice less than the allowable. At
critical points, the voltage reaches 814 N/mm’ units,
which allows us to consider the printing process safe for
internal loads. Figures 57 are presented in a scale of 20:1
for the convenience of lining the places of deformation.
See the on-shear field in Figure 6.

s

v

Fig. 4. Temperature field at the beginning in the middle and end
of the sintering process of the wheel

Fig. 5. Defect field as a result of thermal loads in the most load-
ed section

Fig. 6. Shear stress field in dangerous section in the most loaded
section

The value of the printing inaccuracy at an angle of the
laser direction of 45° is in the range of -1.8... + 1.8 mm (in
the support zone) and -0.2... + 0.2 mm (in the area of the
main part) therefore the error of the deformation of the
location neglect (less than 3 mm for support) the amount
of deformation error see in Figure 7.
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Fig. 7. The deformation field of the location in the most loaded
section

The density of the grid is 2:10° knots, such a small
grid allows to assert the validity of the obtained results by
FEM methods. According to the results of the calculation,
the need to create a base for printing - steel 40XS or ana-
logues, the creation of reinforcing supports (due to the
complex geometry of the main blades, the angle of incli-
nation when printing is greater than 70°).

When loading an archive with geometry (.stl) of the
finite element grid and initial conditions, we obtain a con-
trol program for additive production on a standard instal-
lation. The conclusion of this calculation is a ready-made
control program for printing, data indicating the possibil-
ity and safety of printing the impeller in the case of tita-
nium Ti64.

Fig. 8. Cleaning of the printed centrifugal impellers from
powder

As a result of experiments with baking of Ti64 pow-
der, the quality of the surface was determined, which,
although it contains a large number of small deformation
elements, but their effect on mechanical characteristics is
not large [4], thus, none of these is a large stress concen-
trator and will not lead to destruction. as a result of the
action of workloads. The titanium alloy Ti6-Al-4V under
normal conditions (Fig. 9) exists in the form of an alpha
phase with a crystal structure of densely paved spheres.
The beta phase has a cubic crystal structure. Aluminum
stabilizes the alpha phase and vanadium the beta phase
[9]. The dependence of the number of granules per unit
area on their diametrical size can be seen in
Figure 10.

Analysis of the size distribution of Ti64 / Ti6-Al-4V
powder granules (Fig. 10) shows that it obeys Gau’sss
law, the most probable granule size being 5.1...5.3 nm.
Analysis of the microstructure of the samples obtained by
additive technologies showed the presence of a small
number of pores (Fig. 9b). In the future, real tests of sam-
ples are planned.

ISSN 1607-6885

Fig. 9. Ti64 / Ti6 — Al — 4V powder in the form of granules (a)
and the layer structure of Ti64 powder as a result of sintering (b)

Fig. 10. Distribution by size of granules

Conclusions

1. Additive method of production is considered more
appropriate for the production of centrifugal impellers and
blades due to the presence in the geometry of the latter
complex surfaces of triple curvature, difficult to machine
or cannot be obtained mechanically due to small size tol-
erances (thinnest parts of splitting blades 1.6 mm)

2. According to the analysis of the calculation of the
additive seal of the wheel, the economy of the material is
determined in comparison with the processes of chip for-
mation, which reaches 300...400 %.

3. Centrifugal fans, due to the design features of
units and aggregates are monolithic, so in the production
process are adversely affected by a large number of
roughing and finishing operations, which adversely affect
their structure and quality. Mechanical exposure can leave
surface defects. Additive technologies depend only on the
type of sintering or surfacing mechanism and are more
permanent in the end. The obtained surface quality on a
simple printer is satisfactory for the conditions of nominal
operation of the unit (absence of stress concentrators that
can lead to failure and the value of equivalent roughness,
which lies within the necessary limits for proper and sta-
ble air or liquid flow).

4. Due to the use of spatial printing, the percentage
of marriage decreased from the range of 75... 85 % to
3... 10 %, which according to the calculations in the first
approximation, given the increase in energy consumption
and its reduction in material consumption, gives an in-
crease in productivity of 877 %. The need to create a
printing base and supporting elements is justified.

5. Deformations as a result of local temperature
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stresses lie within the tolerances.

6. The additive method allows to obtain all the nec-
essary number of working elements in all types of produc-
tion, from experimental to mass without a sharp rise in
price. Machines with laser installations are universal,
which indicates their ability to be used later in the manu-
facture of other parts of a completely new configuration.

7. The cost of preparing a part for production is sim-
plified, as it is not necessary to adjust the CNC machine,
only a CAD model is needed for printing, which is trans-
ferred to printing in an incredibly fast time (recommended
check of the thermodynamic model).
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Tarapuyk T. B., Kpapuyk IO. C. Ileanx B. II. BukopucranHs aiMTUBHUX TEXHOJIOTiil IPH BUrOTOBJICHHI

BiJLIEHTPOBUX POOOUMX KOJIiC

Mema pobomu. Ananiz memoois 6u20mosneHHst GiOYeHMposUX 1onamox memodamu 3D Opyxy na npuxiadi mode-
PHi308aHOI cucmemu 0xon00cens ogueyna AI-450M zenikonmepy Mi-2MCB.

Memoou 00CRiONHCEHHSL: PO3PAXYHKOBUIL MEMOO KIHYEeBUX eNeMeHMI8, AHATIMUYHULL

Ompumani pesynomamu. Ilpogedeni 00cnioNceHHs: NOKA3am, wo 3acmoCy8aHHs MEXHON02iU NOWap08020 OPYKY
8I0YEHMPOBO20 KOIECA CUCEMU OXOLOONCCHHA HAOAIOMb HACTYNHI MOJNCIUBOCTHI MA NOKPAWEHH.!

- 3MEHWUmuU 8i0COMOK 8i00PAKYBAHHS 20Mo8ux upodig y 8—9 pasis;

- snusumu eumpamy mamepiany na 300—400 %;

- nidguwumu WEUOKICMyb BUPOOHUYMEA, 00CHIOI8, eKCnepUMEeHMI8 ma GiONpayio8ants BULOMOBNIEHHS POOOYUX
elleMeHmi8 3a paxyHoK pO3pOOKU HOBUX MEeXHOI02I weuoko2o supodbruymea (rapid fabrication),

- JlecKull OpyK paHiuie «HeMONCIUBOTY ceomempii .

bys nposedenuii ananiz mosscnugux 8udie 6ucomosients poboyoeo 8i0YeHmMpo8o2o Kojecd, 8 pooomi npogedeHd

PO3PAXYHKO8A OYIHKA MEePMOOUHAMIYHUX NAPAMempié 8 npoyeci NoemanHo2o0 HauecenHs wiapie memany. Ilpobrema
8EIUKO20 GIOCOMKY OPAKY 6 Npoyeci KIACUYHO20 — MEXAHiYH020 hpesepyeanns aonameu 6yia eupiuena 3a paxyHox
3MIHU 8UOY BUPOOHUYMBA HA AOUMUBHUIL.

Hayxosa nosusna. Y cyuacnomy ceimi 3a paxynox posnoecioodcennss CAD / CAM / CAE / PLM mexnonoziti ma
HAKONUYeHHIO WUpOKoi Oibriomexu mamepianie 6i0KPUBAEMbCA 8elUKA KIIbKICMb HOBIMHIX ma Oinb eheKmueHux, 3
MOYKU 30py eKOHOMII ma sKocmi, Memodie 8ucomosienHs 8y3nie ma azpecamis. Ha npukiadi makux zieaumie eupoo-
Huymea asiayitinux osucyuie Rolls-Royce Motor, General Electric ma Pratt & Whitney 3po3ymino, wo uKopucmauus
ma po3pobKa HOBIMHIX Memooie 00 EMHO20 OPYKY € OOYITbHOTO.

IIpaxmuuna yinnicms. Ooeporcani pe3yibmamu Maoms 6aNCIUBE 3HAYEHHS 8 NOOATLULOMY NPoYyeci GUPOOHUYMEA
ma moOepHizayii eenikonmepy Mi-2 ycix mooughikayiil 3 HOBIMHIMU OBUSYHAMU, A MAKONAC O NPOEKMI8 HO PO3GUMKY
oyoisnuymea cenikonmepis Yxpaini — MCH-2 «Haodiay, MCBH-6 «Omamany, MCB-8 ma inwux. Moociusicms niogu-
WeHHsL eqpeKmMUSHOCMI U2OMOBNEHH OCHOBHUX POOOUUX elleMeHmi6 — Jonameti 0ac 3M02y 3HU3UMU COOIBapmicms 8y3-
718, iX nooanvuioeo pemonmy, excniyamayii. Hatleonosnivum yuHHUKOM € RiOBUWenHs HAOIUHOCMI, mail sIK Npu 8U2o-
MOGIEHHI 3HUINCYEMBCA UMOBIPHICIb OegheKkmis, uo nomim He O6yOymb UABILEHI HA eMAnax NPOMINHCHO20 MAd KiHYe8020
KOHMPOTIO.

Knrouoei cnoea: aoumueni mexnonocii (AT), 3D Opyk, nowapose napowyeanns, ioyenmpose koneco (BK), me-
moo kinyesux enremenmie (MKE), cucmema oxonooowcennsa (CO), mooepHizayis, nogimpsana cucmema, RHe8MOCUcmemd,
asiayitinuil KOMnpecop.
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Tarapuyk T. B., KpaBuyk IO. C. Ileasix B. II. Ucnosib30BaHne aJINTUBHBIX TEXHOJIOTHIl IIPH M3TOTOBJIE-
HHMH LHEHTPOOEKHBIX Pado4uX KoJieC

Llenv pabombl. Ananuz memooos uzomoeieHUs YeHmpoobedlicHvix Jonamox memodamu 3D newamu na npumepe
MOOePHU3UPOBAHHOIL cucmembl oxaadicoenus osueamensi AU-450M eepmonema Mu-2MCH.

Memoout uccredosanus: pacuemmwlii Memoo KOHEUHbIX INEMEHMO8, AHATUMUYEeCKU.

Tlonyuennvie pesynomamul. [lposedennvie uccredo6anus NOKA3AAU, YMO NPUMEHEHUE MEXHON02Ull NOCIOUHO20
neuamu yenmpoobeNCcHO20 KOeca CUCHEMbl OXAANCOeHUs. NPeOOCMABIAION CAeOVIOWUE B03MONCHOCMU U YIYUUEHUS.

- YMeHbuUmMb NPOYeHm omopaKoexu 20moeuvix usdeautl ¢ 8-9 pas;

- cHu3ums pacxoo mamepuana Ha 300—400 %,

- N0BbICUMb CKOPOCHb NPOUZBOOCMEA, ONBINOE, IKCHEPUMEHMO8 U OMPADOMKY U32OMOBNEHUS PAOOUUX DNIeMEH-
mog 3a cuem pazpabomKu HO8bIX MexHoLo2ull bblcmpozo npouzeoocmea (rapid fabrication)

- Jle2Kasl neuams panee «HeBO3MOICHOU» 2e0MempPUl.

buvin nposeden ananuz 603MONCHBIX 8UO06 U320MOBIEHUS PAOOUe20 YeHMPOOEICHO20 Kolecd, 8 pabome npogedeHd
PACHEMHAs OYCHKA MEPMOOUHAMULECKUX NAPAMEMPO8 8 NPoYyecce NOIMANHO20 HaneceHus cioes memannd. IIpobrema
bonvbuiozo npoyenma bpaxa 8 npoyecce KidcCU4ecko20 — MeXaHudeckozo @peseposanus nonacmeti Obviia peuleHa 3a
cuem usMeHeHUus 8U0a NPoUu3B00Cmead Ha a0OUMUBHBIIL.

Hayynas nosusna. B cospemennom mupe 3a cuem pacnpocmpanenusi CAD / CAM / CAE / PLM mexuonoeuii u nHa-
KONJEHUIO WUPOKOU OUOIUOMEKU MAMePUAIos OmKpbleaemcs 60abioe KOIUYeCmso Ho8bix U bonee I(peKmuenblx, ¢
MOYKU 3PeHUsL IKOHOMUU U KAHeCm8d, Memo008 U320MOoGIeHUs Y3108 U azpeamos. Ha npumepe maxux eueanmos npo-
usgoocmea asuayuonuvix dosueamenetl Rolls-Royce Motor, General Electric u Pratt & Whitney nonamno, umo ucnono-
308aHUe U pazpabomKa HOBEUUUX Memo0o8 00beMHO20 neyamu YeiecooopasHd.

Ilpakmuueckasn yennocms. Ilonyuennvie pe3yibmamol UMEIOM GAdCHOE 3HAUEHUE 8 OdbHelluleM npoyecce npous-
600cmea u modepruzayuu gepmonema Mu-2 ecex moougukayuii ¢ HOGeMUMY O8USAMENAMU, d MAKJiCe Osi NPOEKMO8
no paszeumuro eepmoaemocmpoenus ¢ Ykpaune — MCH-2 «Haoexcoay, MCH-6 «Amamany, MCBE-8 u opyeux . Bos-
MOJICHOCHb NOBBIUEHUS IPPEKMUBHOCIU NPOU3BOOCHIBA OCHOBHBIX PAOOUUX DNEMEHMO8 - JONACHEl NO380JAem CHU-
3Uums cebecmouMoCmy Y3108, Ux nociedyroujeco pemonma, sxcnayamayuu. Camvim 21asHbIM GAKMopom AGIEmcs No-
8blULEeHIE HAOEIHCHOCMU, 0d KAK NPU U320MOGNCHUU CHUNICAEMC BePOSIMHOCIb OeheKkmos, nomom He O0yoym
O0OHAPYIICenbl HA IMANAX NPOMEINCYMOUHO2O U KOHEYHO20 KOHMPOJISL.

Knrouesvie crosa: adoumusnvie mexunonozuu (A/]), 3D newams, nocroiinoe Hapawusarue, YyeHmMpPoOE’CHOEe KOIeCo
(BK), memoo koneunvix snemenmos (MKD), cucmema oxnascoenus (CO), modepruzayus, 8030YUIHAS CUCTEMA, NHEG-
Mocucmema, asuayUOHbLIL KOMAPECcop.
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