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TouHoe moryueHre (HOPMBI - 3TO BaXKHEHINAS, HO TAJIEKO HE CAMHCTBCHHAS 3a/1a4a, KOTOPasi PEIIaeTcsl MPH MPOU3BOJICTBE
netaneil. He MeHee BaXXHBIMH SBISIOTCS TaKXKe TaKHE CBOWCTBA, KaK: YHPYTOCTh W IJIACTUYHOCTB, IPOYHOCTH M M3HOCO-
CTOUKOCTB U Jip. VI3BeCTHO, 4TO BEICOKOTEMIIEpATYPHOE BO3ICHCTBHE Ha MaTEPHall 3arOTOBKH, KOTOPBIM COIIPOBOKAAETCS
M000# U3 M3BECTHBIX MPOIECCOB aAUTUBHON 00pabOTKH, HETaTUBHO CKAa3BIBACTCS HA BHIICTICPEUHCICHHBIX CBOMCTBAX.
Baxnetimeit 3aadeil alINTUBHBIX TEXHOJIOTUN SBJISETCS O0ecIieueHue KaueCTBEHHOW CTPYKTYPBI MaTepHalia U BBICOKUX
9KCIUTYaTAI[MOHHBIX CBOMCTB MOIy9aeMOH JAeTaly IPH MHOTOKPATHOM YBEIHYCHHUN POU3BOIUTEIHHOCTH.

Lenpl0o TPOBEICHHBIX TEOPETHIESCKAX M MPAKTHUECKUX HCCIEIOBAHUN SBISIETCS pa3paboTKa TEXHOJIOTHH, B KOTO-
poii K mporeccaM aAIUTHBHON U CyOTpakTUBHOW 00pabOTKH JOOABISIETCS MPOIECC YIPOYHEHUs yIApHOW BOJHOM Je-
(dopmalmu, 4TO TO3BOJICT CTPYKTYPHPOBATh, YIUIOTHHUTH, YIPOYHUTH MAaTE€pPHal BBIPAIICHHOTO CJIOs, c(hOpMUPOBATH
BMECTO PACTITHUBAIOIINX OCTATOYHBIX HAMPSLKEHUNA TEPMUUECKOM MPUPOJIBI CKUMAIOIINE. BripaluBanue aetaiu npous-
BOJIUTCS JYTOBBIM HAILIABJICHUEM MaTepHaja U3 MPOBOJIOKH. Takoil moaxo] oOecrneynBacT Ha MOPSIOK 0oJiee BHICOKYIO
MIPOU3BOIUTEIHLHOCTD, HO IMEET U3ACPKKH B BUJIC IC(PEKTOB CTPYKTYPHI, BRICOKOH MOPUCTOCTH M MEHBIIICH TOYHOCTH 10
CPaBHEHUIO C MOPOIIKOBBIMU aIIUTUBHBIMU TEXHOJOTUSIMU. Y Ka3aHHbIE HEAOCTATKU KOMIIEHCUPYIOTCS YIPOUHSIOMIEH 1
MEXaHWYECKOH 00pabOTKOMN B MPOIECCE TOTYUCHHUSI ISTaIH.

MerToasl HccJIeA0BAHNUS - CPABHUTEIBHBINA aHAN3 CTPYKTYPHI KEIE€30yTIIePOAICTOTO MaTepralia, OIyIeHHOTO aj-
JNUTUBHO-CYOTPAKTUBHOM TEXHOJOTUEHN B aTNTUBHO-CYOTPAKTHBHO-YIPOYHSIONIEH TEXHOJIOTHEH.

Pe3yabTaThl 1 BBIBOABL. B yIipouHeHHOM MaTepuae, B OTJIMYHE OT HEYIPOYHEHHOTO, IPAKTHIECKU OTCYTCTBYIOT
CKPBITHIE TTOJIOCTH. Pa3meps (ha30BBIX 2IIEMEHTOB (pepprTa U EpIIUTa B MaTepralle, MOJIydeHHOM 110 TEXHOJIOTHH C yII-
POYHCHHEM, CHIKACTCs OoJiee 4eM B MATh pa3. TBepIOCTh MaTepuala, BEIPAIICHHOTO C YIPOYHEHHEM, 00Jiee YeM B JiBa
pa3a mpeBBIIIaeT TBEPAOCTh MaTepHana, MOJYYCHHOTo 03 YIPOUYHCHHUS.

Abstract

The accurate shape obtaining is the most signifidarn far from being the only problem which is\ed at parts produc-
tion. Not less important are also such propertieslasticity, plasticity, strength and durabilitydaso on. It is well-known
that high-temperature influence upon billet matewhich follows any of known processes of additmecessing ad-
versely affects the above-mentioned properties.mbst significant task of additive techniques isweing material qua-
litative structure and high operating propertiea ijpart manufactured at multiple increase of praditg.

The purposeof theoretical and practical researches carrigcconsists in the development of the technologwfiich to
the processes of additive and subtractive treatrteme is added a process of hardening with shaokevdeformation
that allows structuring, strengthening, compactimg material of a layer grown forming compressitresses instead of
tensile residual stresses of thermal origin. Tioawtin of a part is carried out by means of arc dijooswith wire materi-

al. Such an approach ensures productivity by aardrjher, but has such drawbacks as defectsuaftste, considerable
porosity and low accuracy in comparison with powaeditive techniques. The drawbacks mentioned amgensated by
strengthening and machining in the course of prochamufacturing.

The research methods a comparative analysis of the structure of icarbon material manufactured with the use of
additive-subtractive techniques and additive-suitra strengthening techniques.

Results and conclusionsin strengthened material, in contrast to nonrgjtiegened one there are no practically hidden
cavities. The dimensions of phase elements oftéeamd pearlite in material manufactured accordinthe technology
with strengthening decrease by more than five tirilssdness of material grown with strengtheningeexts more than
twice hardness of material manufactured withowrgjthening.

KaroueBble cioBa: ajyiuTHBHAs TexHojorus, cyorpaktuBHas Key words: additive techniques, subtractive treatment,
06paloTka, ylpo4YHeHue, TBePAOCTD, yIPOUHEHHbIH Matepual.  hardening, hardness, strengthened material
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1. Beegenue

AJIUTUBHBIE TEXHOJOTHH YyX€ MPHOOpENTH CTaTyc
CTPATETUYECKU BAXKHBIX, IPUOPUTETHBIX TEXHOJIOTUN
MamuHOCTpOoeHUs. OHU MO3BOJISIIOT 3HAYUTEIBHO
YCKOPUTh  OMBITHO-KOHCTPYKTOPCKUE pabOTHI, a
Takxe padoThl MO MOATOTOBKE MPOU3BOJICTBA U yiKE
AKTUBHO TMPUMEHSIOTCS ISl POU3BOJICTBA FOTOBOM
npoaykiuu. Hambosnee mnepcreKTUBHBIM HallpaBiie-
HUEM pa3BUTHUS AJJUTUBHBIX TEXHOJIOTHH SIBIISETCA
BO3MOKHOCTb TOJIYYE€HHSI TOTOBBIX JI€TaJeH WX 1O-
ny(haOpUKaTOB M3 METAIMYECKUX MaTepHalioB C
MHUHHMMAJIbHBIM TPUITYCKOM [UISl 3aKIHOYUTEIBHOU
YHCTOBON MEXaHHUECKOW 00PaOOTKH.

TouHnoe monydeHue (HOPMBI - 3TO BaKHEHIIAs,
HO J1aJIeKO HEe €IMHCTBEHHAs 3ajava, KOTopas peria-
eTcs MpHU MPOU3BOACTBE AeTanei. He MeHee BayKHbI-
MU SIBJISIIOTCSL TaK)KE€ TaKWe CBOMCTBA, Kak: YIpy-
rocTb W IJIACTUYHOCTH, MPOYHOCTb M H3HOCOCTOM-
KOCTb U Jip. M3BECTHO, YTO BBICOKOTEMIIEPATYPHOE
BO3JICUCTBUE HA MaTepuaj 3aroTOBKH, KOTOPBIM CO-
MIPOBOXKIAETCS JIF0OO0I M3 M3BECTHBIX MPOIIECCOB aI-
JTUTUBHOW OOpabOTKH, HETaTMBHO CKa3bIBAETCS HaA
BBILICTICPEUNCIIEHHBIX CBOMCTBaxX. [Ipuyem ¢ poctom
MIPOU3BOJUTENBHOCTH PE3KO YBEIMYHMBAETCS KOJIH-
4ecTBO Je(EKTOB CTPYKTYpPBI, PacTET MOPHUCTOCTS,
CHWKAIOTCS MEXaHUYECKHE M HKCIUTyaTallMOHHBIE
cBoiicTBa. BaxxHenmen 3amaueil agIUTUBHBIX TEXHO-
JIOTUH SIBJISIETCSI 0OECTICUCHHE KauyeCTBEHHOW CTPYK-
Typbl MaTepuala U BBICOKUX HKCILTyaTallMOHHBIX
CBOWCTB TOJYy4aeMONl JeTadu IMPU MHOTOKPATHOM
YBEJIUYCHUH TPOU3BOAUTEIHLHOCTH.

B Hacrosiee BpeMmsi Haubosee pacrnpocTpaHeHa
TEXHOJIOTHSI BBIPAIIMBAHUS METANIMUECKUX JleTaneit
13 METAJUIONOPOUIKOBBIX KOMIO3UIUN IOJ BBICOKO-
TeMIepaTypHbIM Bo3neiicTBueM. Jletanu (opmupy-
FOTCSI yTE€M IOCIEI0BATEIbHON MOCIONHON HaIIaB-
KM WIM TIOCIIONHOTO CIEKaHUsl METAJUTMYECKOro Mo-
poika. B kauecTBe TEmIOBOro0 MCTOYHMKA, KaK Ipa-
BWJIO, HCHOJIb3yeTcsa Jazep. [Ipon3BOaUTENBHOCTD
TaKoW TeXHOJIorHH cocTaiseT 5...35cm3/uac.

3HAYUTENBHO 0OJiee BBICOKOW MPOM3BOAUTEIb-
HOCTBIO OTJIMYAETCS TEXHOJIOTHS BbIpAIlMBAHUS Me-
TAJUIMYECKHUX JeTajleld MEeTOOOM IIOCIOMHOIO HaBa-
pUBaHMS MaTepuaa, rI€ MOJECIbHBIM MaTeprUaIoM
SABJISIETCS. METAJUIMYECKUH NIPYTOK WIM IIPOBOJIOKA. B
BU/JIE TIPOBOJIOKU JOCTYIIEH 3HAYUTENbHO OoJiee IIH-
POKHUI AMana3oH MaTEepUajoB. HHUKEJIEBBbIE CIUIABHI,
HEP>KaBEIOIINE U UHCTPYMEHTAJIbHBIE CTaJIH, CILUIABBI
CoCr u mHOTHE npyrue. B oTnndme oT mopoImKoBbIX
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1. Introduction

Additive techniques have already obtained the
status of strategically significant, priority en-
gineering techniques. They allow accelerating
considerably development activities and also
the works on preproduction and used actively
in produce manufacturing. The most promis-
ing direction in the development of additive
techniques is a possibility of obtaining ready-
made produce or semi-prepared articles made
of metal with minimum allowance for final
finishing machining.

The accurate form obtaining is the most
significant, but far to be the only problem
which is solved at produce manufacture. Not
less important are such properties as elasticity
and plasticity, strength and durability and so
on. It is well-known that high-temperature
influence upon billet material by which is ac-
companied any of known processes of addi-
tive processing adversely affects the above-
mentioned properties. In which connection
with the growth of productivity the number of
structure defects increases sharply, porosity
grows, the stress-strain and service properties
fall. =~ The most significant purpose of addi-
tive techniques consists in ensuring a material
qualitative structure and high service proper-
ties of a part manufactured at multiple in-
crease of productivity.

At present time the technology of metal
parts growth from metal-powder composi-
tions under the influence of high temperature
is a widespread technique. Parts are formed
by means of a successive layer welding depo-
sition or a layer fritting. As a thermal source,
as a rule is used laser. The productivity of
such a technology makes 5 ... 35fm

The technology of metal parts growth by
the method of layer welding deposition,
where model material is a metal rod or wire
differs with considerably higher productivity.
The wider range of materials in the form of
wire is accessible, in particular, nickel alloys,
stainless steel, tool steel, CoCr alloys and
many others. Unlike powder materials for ad-
ditive techniques, cost of wire is 9-10 times
less, and equipment productivity using wire as
model material is three times higher. Besides,
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MaTepUasIoB IS aJJUTUBHBIX TEXHOJIOIMH, CTOU-
MocTh TpoBoJiokd B 9-10 pa3 Humxe, a MPOU3BOAHU-
TEIBHOCTh O0OPYIOBAHUS, HCIONb3YIOIIErO MPOBO-
JIOKY B KaueCTBE MOJEILHOTO MaTepuaia, —B 3 pasa
BbIe. KpoMe 3Toro, TeXHOJIOTUsl MO3BOJISET BbIpaA-
[IMBaTh KPYIHBIC JETald A0 HECKOIBKUX METpOB,
YTO HEBO3MOXKHO WJIM YpPE3MEpHO J0poro obecrie-
YUTh IPYTHUMH aJANTHBHBIMU TEXHOJIOTUSIMH BCIIE]I-
CTBHE OTPaHUUYEHHBIX pa3MepoB paboueit 30HbI 000-
pynoBaHus. VCTOYHMKOM TEIUIOBOM DJHEPrUU IIPU
MOCJIOTHOM HaBapWBaHWU MaTepHalia sBIsieTcs Jia-
3ep WU IUIa3MOTPOH, MOHU3MPYIOLIUN WHEPTHBINA
ra3 U reHepHUpyIOIIUNA MOTOK IJIa3Mbl, TeMIepaTypa
kotopoit mocturaer 5000-30000 K.[locTouHcTBOM
TEXHOJIOTUH Ha 0a3e MIa3MOTPOHA SBJISETCSI OTHOCH-
TEJbHO HEBBICOKAs CTOMMOCTb 10 CPAaBHEHHIO C Jia-
3epHBIMH CHCTEMaMH.

Henocrarkamu TEXHOJIOTMM IOCIOMHOTO HaBa-
pUBaHUS SABISAIOTCS HU3KAs TOUHOCTb Pa3MepoB, Jie-
(EeKTHI CTPYKTYPHI U BBICOKAsi TOPUCTOCTh TOTyUae-
MOl JieTalii, a TakKe OCTAaTOYHBIE PACTATUBAIOLINE
HAMPSKEHUS TEPMUYECKOM MPUPOJIBL.

[IpoGnema moOBBIIEHUST TOYHOCTH (hopmMoobpa-
30BaHUs TP BBIPAIIMBAHUM U TONy4eHUS HE00XO-
JUMBIX pa3MEpOB pelIaeTcs MPUMEHEHUEM MEXaHU-
4ecKol 00palOTKM CHHTE3MPOBAHHBIX ITOBEPXHO-
cTelt — cyOTpakTuBHOM 00paboTku. Hambomee mepe-
JIOBBIM PEIICHHEM SIBIISIETCS BO3MOXKHOCTH MEXaHH-
YecKoi o0paboTKH B Mpoliecce aJIMTUBHOTO BBIpa-
[IUBaHUS, MEX]TY TIEpeX0JaMH MTOCIOWHOTO CUHTE3a,
a He MeXaHu4Yeckas 00paboTKa rOTOBOM AeTaln. DTO
MO3BOJISIET OOECTIEUNTh MEXaHHMYeCKOH 00paboTKOM
BBICOKYIO TOYHOCTb TPYIHOJOCTYIHBIX IOBEPXHO-
CTeH, JOCTYN K KOTOPHIM Ipu 00paboTKe TOTOBOM
JIeTalli HEBO3MOXKEH WK MpoOjaeMaThyeH. Y CTaHOB-
KA Ui peallu3aliid  alTUTUBHO-CYOTPAKTUBHBIX
TEXHOJIOTUH COCTOSIT W3 ABYX Monyieu. s mo-
CIIOMHOTO CHHTE3a HCIONB3YeTCs aJAUTUBHBIA MO-
NyJb, U1l BBIOJHEHUS KOPPEKIUH (OpMBI JeTanu
MeXaHU4eckoil 00paOoTKON pe3aHHeM — CyOTpak-
TUBHBIA. Takoe codeTaHwe ONTUMAIBHO Ui penie-
HUA 3371324 (popMooOpa3zoBaHus.

Jlnst cHmokeHUst 1e(DEKTOB CTPYKTYPBI M BEICOKOM
MMOPUCTOCTH ¥ TIOBBIIICHHS KAaUYECTBEHHBIX XapaKTe-
PUCTHK MaTepuaja, CO3JaHus CHKUMAIONIMX OCTa-
TOYHBIX HAMpPsDKCHUU, ONArompusITHO BIUSIONINX
pu paboTe jaeTajeldl B YCIOBHSIX JACHCTBHUS yCTajo-
CTHBIX HAarpy3oK, Mpeajaraercs B IpoLecce BbIpa-
IIMBaHUS JI€TaIU KPOME CHATHUS CTPYKKH B Ipoliec-
ce MEXaHM4ecKoil 00paboTKH pe3aHueM HPUMEHSThH
nehOpMaIHOHHYIO YITPOUHSIOITYI0 00paboTKYy.
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the technology allows growing large parts up

to some meters, that is impossible or too ex-
pensive to ensure with the aid other additive

technigues because of the limited dimensions
of equipment working area. The source of

thermal energy at layer welding-on of materi-

al is laser or a plasmatron ionizing rare gas
and generated a plasma flow the temperature
of which reaches 5000-30000 K. The advan-
tage of the technology based on a plasmatron
consists in a relatively small cost in compari-

son with laser systems.

The disadvantage of the layer welding-on
technology consists in low dimensions accu-
racy and high porosity in products manufac-
tured and also residual tensile stresses of
thermal origin.

The problem of shaping accuracy increase
at growing and obtaining essential dimensions
in production is solved with the use of syn-
thetic surface machining — subtractive
processing.

The most progressive solution is a possi-
bility of machining in the course of additive
growing, between transitions of a layer syn-
thesis, but not the machining of a completed
part. It allows ensuring the high accuracy in
hard-to-reach areas by means of machining
the access to which at complete part machin-
ing either impossible or problematic. The
plants for the realization of additive-
subtractive technologies consist of two mod-
ules. For the layer synthesis is used an addi-
tive module and for the correction of a part
form by means of cutting — a subtractive one.
Such a combination is optimum for the solu-
tion of shaping problems.

To decrease structure defects and high po-
rosity and increase quality characteristics of
material and also to create compressive resi-
dual stresses having a favorable influence
upon parts operating under conditions of fati-
gue loads it is offered to use strain strengthen-
ing in the course of a part growth besides
chips removal while cutting.
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2. Pe3yJabTaThl M 00Cy:KI€eHHE

[Ipouecc BeIpamuBaHus MO TEXHOIOTHH MOCIONHOTO
HaBapHBaHUS OCHOBAaH HA CBapKe HapallMBaeMBIX
CJIOEB, MOATOMY IOJIy4aeMOMY MaTepHally MPUCYIIU
COOTBETCTBYIOIIHE cBapke AedekTsl. OnMHuUM U3 3¢-
(heKTUBHBIX CITOCOOOB YNPOYHECHHS CBAPHBIX IIBOB
SBIISICTCA TOBEPXHOCTHOE IUIacTHUecKoe aedopmu-
poBanue (ITI1J]), KOTOpOE MO3BOJAET 3HAYUTEIHHO
YIUIOTHUTH MaTepHal U CHU3UTh MOPUCTOCTh, TOTY-
YUTh 0OJiee MPOYHYI0 M TBEPAYIO CTPYKTYpY, CO3-
1aTh B YINPOYHEHHOM MOBEPXHOCTHOM CIIO€ CXKHU-
MAaIOIMEe OCTATOYHBIC HAIpPsHKEHUS. YTPOUYHEHUE
I/, xak npaBuiIo, He TpeOyeT BHICOKUX SHEpPro3a-
TpaT U CIOXKHOTO TEXHOJIOTHYECKOro 000py10BaHUS.

B macTosiee BpeMs I YOIPOYHEHHsI CBAPHBIX
IIBOB YCIEITHO MPUMEHSIOTCS Takue criocoOsr TTIT/1,
KaK yJabTpa3ByKoBas oOpaboTka u o0paboTka Bpa-
HIAIOMIUMHCA METAJUTMYECKUMHU IIETKaMH, KOTOpPbIE
MO3BOJISIIOT  YIPOYHSITh CTPYKTYpY MaTepuana Ha
rryouny 1o 0,1-0,3mwm. JIpyrue u3BecTHbIE CIIOCOOBI
[IITJI, xoTopsle NOTEHUHAIBHO MOTYT HCIOJIb30-
BaThCs JUIsl YIPOUHEHHSI CBApHBIX LIBOB, - IpoOecT-
pyiiHas o0paboOTKa W HaKaThIBAaHHE - IO3BOJISIOT
obecrieunBath Tyouny ynpounenus no 0,5-1,5vmM.
OnHako B mporecce MOCI0HOro CHHTE3a HaBapuBa-
HHEM CHUHTE3WPOBAHHBIA CIIOM TMOABEPraeTcs pasy-
MIPOYHSIONIEMY BBICOKOTEMIEPATypHOMY BO3JEHCT-
BUIO MpU HAIUIaBKe cienyrolero ciod. g ycnen-
HOTO pelIeHus] MpoOdJIeMbl HE00XO0IuMa BO3MOXK-
HOCTb YIIPaBIIEHUS MapameTpaMu JAepopMalliOHHOTO
YIIPOYHEHUsI B IIUPOKOM JHANa3oHEe. JTa BO3MOXK-
HOCTh B IOJTHOM Mepe CBOMCTBEHHA CIIOCO0Y ympod-
HEHHsI BOJIHOM JiepopManuu.

Oco0eHHOCTh yNPOYHEHUS! YAAPHBIMH BOJIHAMHU
nedopMaIuu 3akiIodaeTcs B TOM, YTO B yJIapHOM
cUcTeMe «O0€K - BOJTHOBOJ» FEHEPUPYIOTCS TIIOCKUE
aKyCTHMUYECKHE BOJHBI, KOTOPBIE XapaKTEPU3YIOTCS
3aKOHOM HW3MEHEHHs Cuil (aMIUTUTYIOW BOJIHBI Jie-
dbopmaiuu) BO BPEMCHH, BPEMEHEM JCHCTBHUS CHII
(mmuTenbHOCTH BOJHBI AePOpPMAIlMU) M DHEPrHEH
BOJIHBI JlehopManui. DTH XapaKTEPUCTHKU 3aBUCST
OT TEOMETPUU coyaapsromuxcs 0oilka U BOJTHOBOJA,
CBOHCTB HMX MAaTe€pHajOB U CKOPOCTH COYIapeHHUs.
[Tepron BOJHBI - yAapHBIA UMITYJIbC, TOCTYNAIOIIUN
B oyar aedopmainuu, T.e. 06JaCTh KOHTAKTa HHCTPY-
MEHTa C YOpOYHseMbIM MarepuasioM. dopma HM-
nyJbca onpeaenseT 3p(HeKTUBHOCTh JMHAMUYECKOTO
HarpykeHusi. HeoOXoIMMbIM yCJIOBHEM YIIPOYHEHUS
BOJIHOH neopManuy SBISIETCS CTAaTHYECKOE MOJKa-
THE BOJIHOBOJIA C HHCTPYMEHTOM K 00pabaThiBaeMOit
MOBEPXHOCTH, OOECIeYnBaroIiee HaJleKHbIH MOCTO-
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2. Results and Discussion

The process of growing on the technology of
layer welding-on is based on layer grown
welding that is why corresponding defects are
peculiar to the material obtained. One of the
effective methods of weld seam strengthening
Is surface plastic deformation (SPD) which
allows packing material considerably and re-
ducing porosity, obtaining stronger and solid
structure, creating compression residual
stresses in the strengthened surface layer. The
SPD strengthening, as a rule, does not require
high power consumption and complicated
manufacturing equipment.

At present time for weld seam strengthen-
ing there are successfully used such methods
of SPD as ultra-sonic processing and working
with metal rotating brushes which allow
strengthening material structure for the depth
up to 0.1-0.3 mm. Other well-known SPD
methods which could be potentially used for
weld seam strengthening, shot blasting and
rolling — allow ensuring the strengthening
depth up to 0.5-1.5 mm. But during the layer
synthesis with welding-on the synthesized
layer is subjected to a weakening high-
temperature effect at the welding deposition
of the following layer. For the successful so-
lution of this problem it is necessary to have a
possibility of the parameter control in the
strain strengthening in a wide range. This
possibility is peculiar to the method of wave
strain strengthening in full measure.

The peculiarity of strengthening with
shock wave strain consists in that in the shock
system “head-waveguide” the flat acoustic
waves are generated which are characterized
by the law of forces variation (by amplitude
of deformation) wave in time, by the period of
forces action (duration of deformation wave)
and by energy of deformation wave. These
characteristics depend upon the geometry of
colliding a head and a waveguide, properties
of their material and concussion velocity. A
wave period is a shock pulse coming to the
center of deformation, that is, to the area of
contact of a tool and strengthening material.
A pulse form defines effectiveness of dynam-
ic loading. As an essential condition for
strengthening with a deformation wave is a
static waveguide compression with a tool to
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SHHBI KOHTAaKT U PEKYyNEpanu0 OTPAXEHHBIX BOJIH
nedopmaruu. Ilpu ynpouneHuu ¢opma yaapHBIX
UMITYJIbCOB MAaKCHMAaJIbHO aJalTUPYETCs K CBOMCT-
BaM MaTepuala M YCIOBUSM HarpyXeHHs, 4TO yBe-
TuYuBaeT KOA(DPHUIMEHT TOJIE3HOTO JEUCTBUS U
paciiupsieT TEXHOJOTHYECKHUE BO3MOYKHOCTH IIPO-
1ecca, mo3BoJisisl CO371aBaTh TIYOOKHI yIPOYHEHHBIHA
cioii [1-6].

OHeprus ynapHbIX BOJH, pacxoayemasl Ha IlIa-
CTHYECKYIO0 Ae(OopMaIuio ympodyHsIeMOro MaTepua-
na, oInpeeIsaeTcs KOHCTPYKTHUBHO-
TEXHOJIOTHYECKUMHU TapameTrpamu — (HopMoii u pas-
MepamMHu 0oilka M BOJHOBOJA M TEXHOJOTMUECKUMH
rapamMeTrpamMu — KMHETHMYECKOW JHEprued ypapa u
IIPEIBAPUTEIIBHBIM CTaTUYECKUM IOJDKAaTHEM HHCT-
PYMEHTA K yIPOYHSIEMOM IIOBEPXHOCTU. B pesynbra-
T€ M3MCHECHMs YKAa3aHHBIX IapaMeTPOB OCYILECTB-
JSIFOTCSI MUKPOTIEPEMEIICHUsT HHCTPYMEHTa, (hopMu-
pyercss IUTACTUYECKUH OTIIEYaTOK OIPEIECIICHHBIX
pa3MepoB — €AMHUYHBIN ciel UHCTpyMeHTa. Popma
U Pa3Mepbl OTIIeYaTKa BO MHOTOM OIPEAEISAIOT 3a-
KOHOMEpPHOCTh HM3MEHEHMsI CBOWMCTB MaTepuaja Io
riyOMHe MOBEPXHOCTHOro cios. Pa3mepsl enuHuu-
HBIX OTIIEYAaTKOB, UX OTHOCUTEIIBHOE CMELICHHE, Pe-
TyJIMPYyEMOE YacTOTOM yJapoB M MOJAYe HHCTPY-
MEHTa OTHOCHUTEJIBHO 3arOoTOBKH, ONPEAEISAIOT paB-
HOMEPHOCTb YIIPOYHEHHUS.

BonnoBoe nedopmannoHHoe ynpouHeHHEe UMEET
HaboJiee MUPOKHE BO3MOXKHOCTH BapbUpPOBAaHUS YII-
POYHEHHOM CTPYKTypoW Metaiuia. ['myOuna mMonau-
(GUIMPOBAHHOIO CJOs YNPOYHEHHOIO MaTrepuana
MoeT gocturath 10 MM, MOSBISIETCS BO3MOXKHOCTD
(GopMHpOBaHUSA T'€TEPOr€HHO YNPOUYHEHHOM CTpYK-
Typbl [7], UI1 KOTOpOW XapaKTEpPHO YepelOBaHUE
TBEPJIbIX U BSA3KOIJIACTUYHBIX 001acTeM.

I'ereporenno moauduuUpoBaHHAS MOBEPXHOCTh
CIUIOITHOTO Marepuajna objamaeT 0OoJjiee BBICOKOU
Hecyllel crnocoOHoCThI0. Bs3kuit matepuan Topmo-
3UT Pa3BUTUE XPYNKOH MHUKPOTPEINHBI, chopMUpo-
BAaBILIECHCS B HECYLIEH TBEPIOM COCTABIIAIOLICH, XO-
pOILIO CONPOTHUBIISIIOLICHCA LUKINYECKUM Harpys-
kaM. [IpoBeneHHbIE Hccen0BaHUs TE€TEPOTEHHO YII-
POYHEHHOW CTPYKTYpbl, MOJYYEHHOH YyJIapHBIMU
BOJIHAMH Jie(pOopMaluy, yCTAaHOBWJIM BO3MOXHOCTb
MOBBIIICHUS KOHTAKTHOM BBIHOCIMBOCTH MaTepHala
1o 7 pa3 [8, 9]. UccnenoBanust CTPyKTypbl METaJTHU-
YeCKUX 00pasloB, YIPOYHEHHBIX BOJHaMHU nedop-
Malluy, BBIABWIN HAJIMYUE HAHOCTPYKTYPHBIX 30H,
AQHAJIOTUYHBIX IIOJIyYCHHBIM HHTEHCUBHOW IUIACTHU-
yeckoil nedopmarmeit [10], pasmepsl KOTOpPBIX W3-
MensroTest oT 30 1o 90 HM, YTO CTOCOOCTBYET OHO-
BPEMEHHO CYIIECTBEHHOMY IOBBILIEHHIO TBEPAOCTH
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the surface worked ensuring a reliable con-
stant contact and recuperation of reflected de-
formation waves. During strengthening a
shock pulse form is adapted maximum to the
properties of material and conditions of load-
ing that increases the efficiency and widens
technological capabilities of the process al-
lowing the creation of a deep-strengthened
layer [1-6].

Energy of shock waves spent for plastic
deformation of material to be strengthened is
defined by design-technological parameters:
by a form and dimensions of the head and
waveguide and technological parameters: by
kinetic energy of a blow and preliminary stat-
ic compression of a tool to the surface under
strengthening. As a result of mentioned para-
meter changes are carried out tool micro-
displacements and a plastic mark of certain
dimensions is formed — a single trace of a
tool. The dimensions of single traces, their
relative displacement controlled by a blow
frequency and tool advance with regard to a
billet define a strengthening evenness.

A wave strain strengthening has the widest
possibilities for variation with metal streng-
thened structure. The depth of a modified
layer in strengthened material can reach 10
mm, a possibility for the formation of a hete-
rogeneously strengthened structure appears
[7] for which the interchange of solid and vis-
coplastic areas is characteristicss xoropoit
XapakTEepHO 4YepedOBaHHE TBEPABIX U BA3KO-
IJIACTUYHBIX 00JIaCTEH.

A heterogeneously modified surface of sol-
id material possesses a higher load-carrying
ability. Sticky material suppresses the propa-
gation of a fragile micro-crack formed in a
bearing solid constituent resisting well to cyc-
lic loadings. The investigations carried out of
a heterogeneously strengthened structure ob-
tained by shock waves of deformation estab-
lished a possibility to increase material con-
tact endurance up to 7 times [8, 9]. The inves-
tigations of metal sample structures streng-
thened with deformation waves revealed the
existence of nano-structural areas similar to
those obtained by intensive plastic deforma-
tion [10] the dimensions of which change
within the limits of 30 to 90 nm, that promote
simultaneously considerable increase of hard-
ness (2-7 times higher than hardness of
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(B 2-7 pa3 BbIIlIe, YeM TBEPAOCTH KPYIMHO3EPHUCTHIX
aHAJIOTOB) M COXPAHCHUIO BBICOKOW TMIACTHYHOCTH
[11-13].

BaxxHoit 0CcOOEHHOCTBIO CrHIOCO0a BOJIHOBOTO
ne(OPMAIIMOHHOTO YIPOYHEHHUS SBISETCS BO3MOXK-
HOCTh TOYHOTO PEryJIHpPOBaHUSI YHEPTHH, COOOIIae-
MOW D3JIEMEHTApPHOMY YYacTKy YIPOYHAEMOH I0-
BEPXHOCTH, pa3Mepbl KOTOPOT'O MOTYT COCTABJISITH OT
1-2 1o 5S0MM. DT0 MO3BOSIET YIIPOUHSTH PAa3IMUHbIE
mo ¢opmMe W pazMepaMm MOBEPXHOCTH, OOecrednBast
TpeOyeMmyto TIyOHMHY, CTEIeHbh M PaBHOMEPHOCTh
YIIPOYHEHUS.

Takum oOpa3zom, mnpeiaraemMas aaJuTHBHO-
CyOTpaKTHBHO-YNPOYHSIONMIAs TEXHOJOTHUS COCTOUT
U3 CIIEAYIONIMX TepexoaoB (puc. 1):

- TIOCJIOMHBIM CHUHTE3 MaTepualla HaBapUBaHUEM
(oMH MITH HECKOJIBKO CITOEB);

- BOJTHOBOE J1e(hOpMAIIMOHHOE YIIPOUYHEHUE CHH-
TE3UPOBAHHBIX CIIOEB;

- MexaHu4eckasi 00paboTka HAIIaBICHHOH U,
€clii HE0OXOAUMO, YIMPOYHEHHOW IMOBEPXHOCTH C
[eNbI0 yAalieHus: Ae(QEeKTHOro Clos U oOecreueHus
BBICOKOM TOYHOCTHM M HHU3KOH IIEpPOXOBATOCTU OT-
BETCTBEHHBIX MTOBEPXHOCTEH.

[IpoBeneHbl  CpaBHUTENBHBIE  UCCIIEIOBAHUS
CTPYKTYpPBI KEJI€30yrIepOJUCTOr0 MaTepuala, Io-
Jy4YEHHOTO aJIUTUBHO-CYOTPaKTUBHON TEXHOJOTH-
el M aAIMTUBHO-CYOTPaKTHBHO-YIPOUHSIONICH TeX-
Hosoruel. [locnoiHblid CUHTE3 BBIMOIHSIICS CIIOCO-
OOM JIyroBOro HaBapWBaHUsI Marepuaja (IpOBOJOKA
ER70S-6:C 0,06-0,15;Mn 1,40-1,85;S 1,50-1,85;
$<0,035;P<0,025;Cu<0,50).

YcTaHOBIIEHO, YTO B YIPOYHEHHOM MaTepHa-
7€, B OTIMYHE OT HEYMPOYHEHHOTO, MPAKTHUYECKU
OTCYTCTBYIOT TOPBI U CKpBITbIE MOJIOCTH. Pa3zmepbl
(a30BbIX 2JIEMEHTOB (peppHTa U MEpPIUTa B MaTepua-
Jie, TOJYyYEHHOM M0 TEXHOJOTHMH C YIPOYHEHHEM,
0ojee 4eM B MATH pa3 MEHbIE. MHKPOTBEPIOCTh
MaTepuasa, BBIPAIIEHHOTO C YIpPOYHEHHEM, Oolee
4eM B J[Ba pa3a MPEBBIMIAET MUKPOTBEPIOCTh MaTe-
puaa, HoJy4eHHOro 6e3 ypOoUHEHUS.

3. 3akiauenune

[Ipouecc BeIpamiMBaHus AETaNM AYTOBBIM IOCIIOM-
HBIM HAIUIaBJICHUEM MarTepuajga U3 MPOBOJIOKH IO
CPaBHEHUIO C MOPOUIKOBBIMU aJJIUTUBHBIMH TEXHO-
JIOTUSIMU SKOHOMHYECKH MHOTOKpPATHO OoJjiee BBITO-
JeH U obecriednBaeT Oosiee BBICOKYIO MPOU3BOU-
TEeNBLHOCTL. HeqocTaTKu TakoW TEXHOJIOTHMU B BHJIE
Ne(EKTOB CTPYKTYpPHI, BBICOKOW TOPHCTOCTH U
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coarse-grained analogues) and conservation
of high plasticity [11-13].

A significant peculiarity of the method of
wave strain strengthening is a possibility of an
energy accurate control imparted to an ele-
mentary area of the surface under strengthen-
ing the dimesions of which can make from 1-
2 mm to 50 mm. It allows strengthening sur-
faces various in a form and dimensions ensur-
ing the required depth, degree and evenness
of strengthening.

In such a way, the offered additive-
subtractive strengthening technology consists
of the following transitions (Fig. 1):

- The layer synthesis of material by welding-
on (one or some layers);

- The wave strain strengthening of synthe-
sized layers;

- The machining of built-up and, if necessary,
strengthened surface with the purpose defec-
tive layer elimination and for the ensuring of
high accuracy and low roughness of critical
surfaces.

There are carried out comparative investi-
gations of the structure of iron-carbon materi-
al manufactured by means of the additive-
subtractive  technology and  additive-
subtractive strengthening techniques. The
layer synthesis was carried out with the aid of
the method of material arc welding-on (wire
ER70S-6:C 0.06-0.15Mn 1.40-1.85S 1.50-
1.855<0.035P<0.025Cu<050).

It is established that in strengthened ma-
terial in contrast to non-strengthened one
there are no practically pores and hidden cavi-
ties. The dimensions of phase elements of fer-
rite and pearlite in material obtained accord-
ing to the technology with strengthening are
more than five times less. Micro-hardness of
material grown with strengthening more than
twice exceeds micro-hardness of material ob-
tained without strengthening.

3. Conclusion

The process of a part growing by means of arc
layer fusing with the use of wire material in

comparison with powder additive techniques
is economically multiply sound and ensures
higher productivity. The drawbacks of this

technology such as structure defects, high po-
rosity and lower accuracy are compensated by
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MEHBIIIEH TOYHOCTH KOMIIEHCHPYIOTCS ympouHsio- Strengthening and machining in the course of
el U MexaHudeckod oOpaboTkol B mpomecce mo- product manufacturing.
JyYCHHUS ICTAITH.

Hmnynbse
GoeK BOJIHbI
nedopmanmu

BOJTHOBO T

amrutyzaa, H

MHCTPY MEHT JUTATE ILHOCT b, C

P, —ynapueiii umnyisc, f—uactora ynapos, Py —cTarnueckas cuia

0)

B)

Puc. 1.3Tansl aiANTHBHO-CYOTPAKTHBHO-YIPOYHSIOLICH TeX- Fig.1. Stages of the additive-subtractive strengtige
HOJIOTHH: techniques:
a - IIOCJIOMHBIM CUHTE3 MaTepHana, a — The layer synthesis of material.
0 - BoHOBOE Ae(hOpMaIMOHHOE YIIPOYHCHHE; b — The wave strain strengthening.
B - MexaHUYECKast 00paboTKa HAIUIABJIEHHOM U, €CITH HEOOXO0- ¢ — The machining of a built-up surface and, ifesc
JIMMO, YIIPOYHEHHON MOBEPXHOCTH sary, strengthened one.

[IpemmaraemMas TEXHOJOTHS YIPOYHEHHUS yIap- The offered strengthening technology with

HOW BoJTHOM Aedopmannu mo3BoiisieT cTpykTypupo- a shock wave of deformation allows structur-
BaTh, YILUIOTHUTH, YIIPOYHHTh MaTepHaji BhbIpalieH- ing, compacting material of a layer grown,
Horo cnosi, copmupoBaTh BMecTo pactsaruBatomux and forming the compressing residual stresses
OCTaTOYHBIX HaINpsDKEeHHWE Tepmuueckoir mpuponasl instead of tensile residual ones. A possibility
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ckuMmarorre. TlosBisieTcss BO3MOXHOCTH cosmanust arises for the creation of a heterogeneously
reTEepPOreHHO YIPOYHEHHOU CTPYKTYpHI BhIpamieHHO- Strengthened structure of the grown metal ma-
ro METAUTMYECKOro Marepuaia, coueTamomeii ogao- terial combining simultaneously solid and
BPEMEHHO TBEp/ble M IUIACTHYHBIC ydacTKH, oOyia- plastic areas having high effectiveness during
naroreii BeIcokoi 3((eKTHBHOCTRIO MpH 3Kciuiya- the operation under conditions of fatigue load
TaIlMU B YCJIOBUSX JACHCTBHUS YCTAJIOCTHHIX Harpy3ok. effect.

[Ipemiaraemoe coueTaHne B OJHOM TEXHOJOTH- The offered combination in one technolo-
4ecKOM 00O0pYJ0BaHUM aJIMTUBHOTO MOAYJs, oTBe- gical equipment an additive module responsi-
YaroIIEero 3a BeIpaliBaHue aeTanu, cyorpaktusuoro ble for a part growth, a subtractive module
MOJyJIs, 00eCIeYrBaloUIero TOYHOCTh pasMepoB u  ensuring dimension accuracy and a mutual
B3aMMHOTO PAcCIOOKEHHS OTBETCTBCHHBIX mMoBepx- location of critical surfaces at the expense of
HOCTEH 3a CUeT yAaJeHUs CTPYXKKH, U ynpouHstome- Cchip clearance and a strengthening module
ro MOJIyJsl, MO3BOJISAIONIEr0 CTPYKTypupoBath, ym- allowing the structuring, compacting, streng-
JOTHHUTH, YIPOYHHUTh U CHATH HampsbkeHus B Bbipa- thening and relieve the stresses in the layer
IIIEHHOM CJIO€ 3a CYET BOJIHOBOTrO JaedopmannonHoro grown at the expense of wave strain effect has
BO3JICUCTBUS, UIMEET CaMble IIUPOKHUE mepcrnekTuBbl.  the most extensive prospects.
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