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NMPAKTUKA NCNONb30BAHUA SNEKTPOHHO-NTYYEBbIX TEXHOJIOMMA CBAPKMW,
YNPOYHEHUSA U HAMNABKW 3ALMUTHBIX MOKPbITUA B BAKYYME
HA NPEANPUATUNAX OBOPOHHO-MPOMbILLUIIEHHOIO KOMIMJIEKCA

MpencTaBneHbl pesynbTaTthl 3aBePLUEHHbIX UCCMEAOBaHNIA N NPaKTUHECKOr0 MPUMEHEHNS Ha NPeanpUsSTUAX 0B6OPOHHO-MPOMBILLNIEHHOMO
KOMMNIeKca U3genuii Co CBapHbIMM LUBAMMU U 3aLLUTHBIMW MOKPLITUSIMUA, NOMYYEHHBIMW 3MEKTPOHHO-MY4EBOW CBAPKON, YMPOYHEHNEM U MOPOLLIKO-
BOW 3MEKTPOHHO-Ny4€eBOI HannaBKoW B BakyyMme.

B pesynbTaTe KOMNNEKCHOro aHanuaa KonnekTMeom aBTopoB B [pobnemHolt nabopaTopuu NpoLEeCCOB CBAPKW U CO3AAHUS 3aLLMTHBIX NO-
kpbITuiA AnTITY um. U.W. MonsyHoBa Ha ocHoBe Goree yem 25-neTHero onbiTa B 0651acTu 3NeKTPOHHO-NyYeBbIX TEXHOMNOMMI pa3paboTaHa Tex-
HOOMMS ANEKTPOHHO-MY4EBOr0 YNPOYHEHNsT Hanbonee TEXHONOTMYECKN CINOXHBIX MOPLUHEBbIX aNtoMUHUEBBIX CNMaBOB 3a3BTEKTUYECKOro cocTa-
Ba mapkun AK21M2,5H2,5. ABTopamu Bbina paspaboTaHa v npoLuna ycrnewHoe TeCTUpoBaH1e TEXHOMNOrMS MPOM3BOACTBA COCTABHOIO MOPLUHS U3
BbICOKOKPEMHMCTOro antoMuHnesoro cnnaesa AK21M2,5H2,5, n3rotoBneHHOro n3 AByx YacTew ¢ NocneaytoLen X CBapko 3NeKTPOHHbIM Iy4YOM.

YnpoyHeHue ¢ onnasrieHneM paboymx KpOMOK MaTpuL, Ansi ropsiyero AedopMmnpoBaHus pacnbinuTenein AM3enbHOro TonmBa no3Bonuio
Ha OAO «AnTainamsernb» NOBbICUTb Pa3rapoCTOMKOCTb MOBEPXHOCTM B 2 pasa.

AKTyanbHbIM SIBNSETCS NpaKTUYeckoe WCMoNb3oBaHWE 3MEeKTPOHHO-NYyYeBOW TEXHOMOMMM HamnmaBky BbICOKONErMpoOBaHHbLIX MOPOLLKOBbIX
cnnaBoB Ha ocHoBe cucTeMbl Ni-Cr—B—Si ons pemoHTa 1 BOCCTaHOBNEHUA N3HOLLEHHbIX MOBEPXHOCTEN TSHKeNOHarpyXXeHHbIX AeTaneii: koneHya-
TbIX U pacnpepenuTenbHbix Banos [IBC, KpeCTOBMH, LLIAPOBbLIX OMNop, TofkaTenen pacnpeaenuTensHOro Banuka, CTynuL, LUKMBOB KITMHOPEMEHHbIX
nepenay, Xo40BbIX BUHTOB U Ap.

[ns co3paHus 3almMTHBIX NOKPBLITUIA Ha YNNOTHUTENbHbLIX NOBEPXHOCTSIX 3amMOpHOI NapoBOi KOTENbHOWM 1 TPyGONpOBOAHOW apMaTypbl —
cefen, Tapenok v cdep — Gblna NpeanoxeHa TEXHOMOMS NPSIMON NOPOLLKOBOW 3NEKTPOHHO-NYYEBO HaMaBku B Bakyyme.

PaspaboTaHHble TeXHONOrMM MoryT GbiTb PEKOMEHO0BaHbl K BHEAPEHUIO Ha NpeanpusTusax ANTainckoro Kpasi, cneuLmanmsnpylowmxcst B
obnactu ABuratenecTpoeHnsi Npyu NPOM3BOACTBE HOBbLIX UMK BOCCTAHOBMEHUM N PEMOHTE W3HOLLEHHbIX AeTanein U KOMNEeKTyoLWwMX Ansa Asura-
Tenew BHYTPEHHEro CropaHusi.

KntoueBble crnoBa: kayecTBO, HAAEXHOCTb, ANIEKTPOHHbIN NyY, CBapKa, YNpOYHeHMe, 3aLUMTHbIe MOKPbITUS,MOPOLLKOBAsA Hannaeka B Ba-
Kyyme, KOMMIIEKCHOe UCCrneaoBaHve, npakTuieckoe Ucnonb3oBaxue, npeanpustus OMK.
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THE PRACTICE OF USING ELECTRON BEAM TECHNOLOGIES OF WELDING,
HARDENING AND SURFACING OF PROTECTIVE COATINGS
IN VACUUM AT THE DEFENSE INDUSTRY ENTERPRISES

The article presents the results of completed research and practical application of products with welded seams and protective coatings ob-
tained by electron-beam welding, hardening and powder electron-beam surfacing in vacuum at the enterprises of the military-industrial complex.

As a result of the complex analysis by the team of authors in the Problem laboratory of welding processes and creation of protective coat-
ings of I. I. Polzunov AItSTU on the basis of more than 25 years of experience in the field of electron-beam technologies, the technology of elec-
tron-beam hardening of the most technologically complex piston aluminum alloys of the hypereutectic composition of the brand AK21M2,5H2,5
has been developed.

The authors developed and successfully tested the technology of production of composite piston from high-silicon aluminum alloy
AK21M2,5H2,5, made of two parts with their subsequent electron beam welding. Hardening with the melting of the working edges of the diesel for
hot deformation of spray of diesel fuel allowed at JSC "Altaidizel" increasing of heat resistance surface 2 times.

Actual is the practical use of the technology of electron-beam surfacing of high-alloy powder alloys based on the Ni-Cr-B-Si system for re-
pair and restoration of worn surfaces of heavily loaded parts: crankshafts and camshafts of internal combustion engines, crosspieces, ball bear-
ings, camshaft pushers, wheel hubs V-belt drives, propellers, etc.

To create protective coatings on the sealing surfaces of the shut-off steam boiler and pipeline valves — saddles, plates and spheres the
technology of direct electron-beam powder deposition in vacuum was proposed.

The developed technologies can be recommended for implementation at the enterprises of the Altai region, specializing in the field of
engine building, in the production of new or restoration and repair of worn parts and components for internal combustion engines.

Keywords: quality, reliability, electron beam, welding, hardening, protective coatings, powder cladding process in vacuum, completed
research, practical application, the defense industry enterprises.
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A significant reserve for increasing the service
life of parts and tools is the formation on the surface of
these parts and elements of layers and coatings with a
high level of required functional properties — wear re-
sistance, hardness, corrosion resistance, etc. Among
the existing energy and resource-saving technologies,
processes using highly concentrated energy flows,
such as plasma jet, light and laser beams, high-energy
beams of relativistic electrons and low-energy electron
beams are becoming increasingly important. Due to a
number of advantages over other concentrated energy
flows, electron beam welding and surfacing processes
with low energy beams are among the most promising
methods of coating.

The practice of operation of internal combustion
engines (ice), especially forced diesel engines, shows
that the weakest point is the piston area of the annular
grooves for compression rings. The formation of the
limiting gap between the compression ring and the pis-
ton ring groove mainly determines the engine life be-
fore the bulkhead, oil and fuel consumption, as well as
repair costs. Therefore, the solution to the problem of
increasing the life of the piston ring grooves is the
main direction for the practical use of the results of
scientific research both in Russia and abroad.

The main problems in electron-beam remelting
in vacuum of high-silicon piston alloys faced by tech-
nology developers are cracking of the remelting zone
and a high level of residual porosity of the metal.

To analyze the causes of these problems were
studied casting technology and additional processing
of aluminum-silicon blanks in specialized enterprises
“Piston” (Alma-Ata, Republic of Kazakhstan) and the
Sukhoi Company of Novosibirsk aviation plant named
after V.P. Chkalov.

As a result of the complex analysis by the team
of authors in the Problem laboratory of welding proc-
esses and creation of protective coatings of I. I. Polzunov
AltSTU on the basis of more than 25 years of experience
in the field of electron-beam technologies, the technol-
ogy of electron-beam hardening of the most technologi-
cally complex piston aluminum alloys of the hypereutec-
tic composition of the brand AK21M2,5H2,5 was de-
veloped (fig. 1).

The technology of hardening consists in electron-
beam remelting of the metal layer in the place of the
piston, where the annular groove of the required geo-
metric dimensions is subsequently machined.

The solution of these problems is found by the
authors of this article as a result of the analysis of the
structure formation of piston blanks in the process of
casting and modification, analysis of the thermal state
of the piston in the process of remelting the hardening
zone and rational choice of the trajectory of high-
frequency scanning of the electron beam.

Fig. 1. Laboratory equipment for electron beam vacuum
welding and surfacing

For the implementation of forced degassing of
the liquid metal bath and a more uniform distribution
of alloying elements in it, it was necessary to equip the
electron-beam installations with beam control devices
(BCD), which allow mixing the melt by scanning elec-
tron beam along a given trajectory with a certain am-
plitude-frequency characteristic. To solve the last
problem within 1.5-2 years, a series of specialized
electron beam control devices has been developed and
manufactured, which have a large memory capacity, a
wide range of frequencies and trajectories of the elec-
tron beam movement, independent control of the
sweep along the coordinate axes, smooth amplitude
control and versatility in the use of various types of
electron beam guns.

Such characteristics of the BCD allow perform-
ing a wide range of technological research and produc-
tion operations (fig. 2).
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Fig. 2. The panel of the developed electronic beam control
software device for the process of welding and hardening
in vacuum

As a result of complex experimental studies, the
optimal technological parameters of the hardening
mode are established, allowing to obtain practically
defect-free metal in the remelting zone with high wear
resistance.

For the practical implementation of the technol-
ogy of electron beam welding, hardening and powder
wear-resistant coating in vacuum in production condi-
tions was designed and put into operation experimental
production site at JSC “Barnaultransmash"” (fig. 3).
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Fig. 3. Factory unit with electron beam gun
with a “cold cathode” (a), a control beam device
and the 14-position manipulator (b) for welding

and hardening the pistons

In the process of development of experimental-
industrial technology of electron-beam hardening of
pistons for diesel engines of JSC “Barnaultransmash”
it was found that in this technology there is a signifi-
cant reserve for increasing the wear resistance of the
first annular grooves, namely hardening by alloying,
which allows to significantly expand the scope of ap-
plication of this method of hardening [1-4].

In the case of additional alloying of aluminum
alloy in order to obtain even higher wear resistance
nichrome or copper wire is proposed to use as an
alloying material, the content of which in the deposited
metal determines the required mechanical properties,
such as hardness and wear resistance.

The appearance of piston blanks with hardened
zones under the annular groove is shown in fig. 4.
These pistons are equipped with high-speed forced
diesel engines.

Fig. 4. Billet pistons from alloy AK21M2,5H2,5 with
hardened areas under the groove of the first annular grooves
of the compression rings (indicated by arrows)

Conducted production tests of the hardened pis-
tons at work on the uprated diesel engines showed an
increase of their service life in 3 times in comparison
with diesel engines with unhardened pistons.

One of the problems that arise during the opera-
tion of the pistons is to reduce their service life due to
the cracking of the piston bottom due to thermal
stresses. There are a number of ways to reduce thermal
stress, including by changing the design of the pistons,
in particular the creation in the area of the first piston
groove additional cavity through which the engine oil
circulates.

The proposed technology of production of
welded piston has certain advantages over similar
technologies used to form a cooling cavity in the bot-
tom of the piston, for example, the method of filling
salt rods. The use of electron beam welding in vacuum
provides a dagger penetration, which prevents the
creation of stresses and subsequent deformations.

The authors developed and successfully tested
the technology of production of composite piston from
high-silicon aluminum alloy AK21M2,5H2,5, made of
two parts with their subsequent electron beam welding.

The results of comprehensive testing of the qual-
ity of the metal and the entire design of the pistons as a
whole showed the practical absence of any defects,
which was a fundamental proof of the possibility of



Paouenxo M.B., llleeyos FO.0., Paduenko T.b. / Becmuux I[THUITY. Mawunocmpoenue, mamepuanoeedenue, 1 (2019) 5-11

using this technology for the production of pistons
with a cooling cavity, as shown in fig. 5.

Fig. 5. Templet of the compound welded piston
with the cavity of cooling (arrows indicate welds)

Due to the relatively high cost of the equipment,
the use of a highly concentrated source of heating — an
electron beam in vacuum for welding and the creation
of reinforcing and protective coatings is advisable in
cases where it leads to qualitatively new results, the
properties of welded, hardened and deposited products,
as well as when it is impossible to use other methods
of surface heating. All this, as practice has shown, lies
in the manufacture of products of the military-
industrial complex.

To solve similar, non-traditional tasks, the au-
thors performed a set of technological works on elec-
tron-beam welding of the cylinder liner body with the
landing shoulder for JSC "Barnaultransmash". It has
identified savings of expensive alloy steel 38X2MIOA
up to 40 % due to a sharp reduction of the wall thick-
ness of the workpiece and elimination of operation
turning (fig. 6).

Fig. 6. Electron beam welding in vacuum of the blank of the
cylinder liner of the forced diesel with the landing shoulder

In the development of electron-beam technolo-
gies, the method of powder surfacing with low-energy
electron beams (up to 5 Kev), developed by the team
of authors, due to the combination of the advantages of

powder materials and vacuum protection of the metal
allows to create unique performance hardening layers
on the surfaces of various parts of diesels [5-9].

It is very effective by means of hardening and
surfacing with an electron beam to create protective
layers on the surface of parts with a high level of func-
tional properties (hardness, wear and corrosion resis-
tance) on parts or billets from relatively cheap low-
carbon steels. Thanks to the possibility of accurate
dosing of energy supply by means of electron beam
deposition (EBD), uniform thickness layers are formed
with minimal penetration of the substrate, and defor-
mations of non-rigid parts are excluded. The strength
of adhesion with the base coating deposited by the
method of EBD is on the level of metallic bond.
Therefore, in contrast to the sprayed they do not crack
and do not peel off as a result of intense multi-cycle
contact loads. Multiple cladding after regrinding of
welded components is possible. As practical experi-
ence shows, the cost of repair of parts is about 30 % of
the cost of new ones with significantly higher func-
tional properties of the surface [10-20].

For example, hardening by melting of working
edges of matrices for hot deformation of diesel fuel
sprayers allowed JSC "Altaidizel" to increase the sur-
face heat resistance 2 times.

Particularly relevant is the practical use of the
electron-beam surfacing technology of high-alloy
powder alloys based on the Ni-Cr-B-Si system for re-
pair and restoration of worn surfaces of heavily loaded
parts: crankshafts and camshafts (fig. 7, 8), cross-
pieces, ball bearings, camshaft pushers, wheel hubs
V-belt drives, propellers, etc.

Fig 7. Crankshaft of forced diesel (55X2H2M®A steel) with

indigenous and connecting rod necks reinforced with center

offset of the shaft by the method of electron beam melting
in a vacuum

In 2007, the team of authors was awarded the
prize of the Altai territory in the field of science and
technology for the development and implementation of
electron beam welding technology, hardening and sur-
facing at enterprises of the region.

The practice of operation of pipeline and steam
valves of power plants shows that its life largely
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depends on the quality of sealing surfaces that operate
in difficult operating conditions, and currently it is less
than the life of other main elements of pipelines and
power plants. The valve is designed to control the
movement, distribution and flow control of liquids,
gases (vapors) by direct impact on them. This is espe-
cially true in defense industry enterprises with a con-
tinuous schedule of work, in which the quality of pro-
duction is a determining factor.

Fig. 8. The camshaft of the internal combustion engine
after repair using powder electron-beam welding in vacuum

Due to the most difficult operating conditions,
only shut-off valves were considered in the work, in
particular valves with a nominal diameter of the pas-
sage (nominal diameter of the hole in the valve, serv-
ing for the passage of the medium DN = 100 mm.

To create protective coatings on the sealing sur-
faces of the shut-off steam boiler and pipeline valves —
seats, plates and spheres the technology of direct elec-
tron-beam powder deposition in vacuum (EBP) was
proposed. Taking into account the operating conditions
of the friction pair and the need to ensure the possibility
of subsequent processing, materials for surfacing were
chosen chromium-Nickel powder alloy III'-10H-01
on plates and ball surfaces and bronze alloy
[I'-19M-01 on the saddle.

The combination of optimal modes and processes
of refining and degassing of the melt, passing during
surfacing in vacuum, provided, as shown by the results
of metallographic and x-ray analysis, obtaining a dense
fine-grained structure of the protective coating (with-
out pores, shells, non-metallic and gas inclusions) with
the required level of functional properties. Fig. 9
shows ball valves with working surfaces deposited by
an electron beam in a vacuum.

Long-term production tests at the enterprise of
JSC "OTOM" on the basis of the I. I. Polzunov Central
Boiler Institute (St. Petersburg) showed an increase in
the resistance of the pair of friction finger-saddle
2.5 times compared with steel 08X18H10T.

It seems promising to create welded composite
coatings on heavily loaded parts of diesels, when each

of the phases — a plastic matrix and solid reinforcing
particles of carbides, borides, silicides of refractory
elements performs certain functions, creating materials
mechanical

with high physical,
properties.

and operational

Fig. 9. Shut-off valves with sealing surfaces hardened
by wear-resistant electron-beam surfacing
of powder alloys in vacuum

The developed technologies can be recom-
mended for implementation at the enterprises of the
region, specializing in the field of engine building in
the production of new or restoration and repair of worn
parts and components for internal combustion engines.

Good reproducibility of results of hardening and
surfacing in the automated mode, possibility of full
automation of technological process with computer
control, ecological purity, possibility of essential im-
provement of properties of a surface layer of products
in combination with existence of the reliable equip-
ment released in Russia and the neighboring countries,
approved within 40-45 years, considerably expands a
range of technological operations of processing of de-
tails of diesels with use of electron beams in vacuum.

Thus, the solution of the complex problems of
the type listed above using unique electron-beam tech-
nologies of welding, hardening and surfacing of pro-
tective coatings determine their development prospects
at the defense enterprises of not only the Altay region
but the entire spectrum of the Russian defense ma-
chine-building enterprises.
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