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Анноmацuя: Исслеdованьl спруюпурньфазовьlе сосmоянl,'я_ll mрuболоечческuе свойсmва покрьt-",,i, --ап,lавленно2о 
на марпенсumную нlвкоуzпiроDuспую сtпсtпь Hardox45у порочtковой проволокоtt Fe-, ,-_\Ъl|' u моduфul|uрованl!о?о ir""rOi-|.ii'-Z-ri"iri:-|iyr*o"o; обрабопкой. Поксlзано, чпlо элек-- - - ,-l1учкова,l Обрабоmка наппав.tенно?о с-lоя иол!цurо,i: i ,",пр*ооuпt к форuчрованuю .vооuфuцч-,:-iozo поверхносlrlноzо слоя mолuluной - 20 м*r, Ь*о"rоr"о qbor" -r-й;:r';;;;;; о|i" u *оо-' '; \ЪС, Fe jC u МбС(Fеr|ГrС), морфопоzrrя;;;*;;';;;;;:* оtu'lч'юmся ol1,1 необрабопанноzо слоя:,-,:зьзt. опъuечено, чmо нqблюdаеу* 

" "*"пф,r,,",.";*;";;;;;::::::":::',':!::^|:'у'"- - ,"J 1ъС ]афrсеп бьtmь обус''овлена.высок'лм wовнем -**;#;::#:#:Н:r;;ж;:",:::-:,:;, ,:"llц раз,uер по сравненuю с запо.7ненньL|ll| .""*ooyз,*ru. УL'паНовлено, чlпо lвнососmойкоспь:,-':,7енною слоя после элекmрон,но-пучковой обрабоmкч возрас,mаеm более чеitt в 70 раз по оп,lноцlенtlю, - - :осmоuкосlпu сlпаш Hardox151, а коэффuцiенm mрrri."riо"о"."" - u З роrо., К.ючевые спова: сlпрукmура, фi,Ь"ый ;;";;;-;;;;;::::;:::::: ",, "": : 
'.\ОzllЯ, 

карбudьt, ,rрuбоiЬrч"""*u" свойспва. 
lBKa' ЭЛеКПРОННО-ЛУЧеВаЯ ОбРабоmка,
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Abstract: Structura! phase states ап,сl tribologicol properties of the соаtiпg sчфсесl опю Hardox, "lqrleпSite lоw-саrЬоп steel wi!h powder wire Ё"-с-ёrЫ-W апсl mоdфеd Ьу subsequent electron-" processiпg are studied bv me,tho,is.of поdеrп рпуri"t,"brиt *i"*",, i,''i ,irrr"iil,"ii'i"iii,'", ,r,at lhick surJaced laver iith high iпiепsitу puis;;";j;;|;;;;;:"r":yyls-iп 

lhe fоrпаliоп of, 20 рп,, surface layer with the mаstеr phases 
"f 

; i';;;'й;,?"it ona M'C(F, jWjC) carbides. ir is est'b-

",|,'::::::;::::';::::{i!:,,;{,;:y.yr:s":",iiii;фprocessingiпcreases 

mоrе thап 7.-fold-::1e|owearresista*""i,*::::j::!,:i:r,*:"!:,#;;i;;|:;x::;;tr:;,r;i:!;:,!f-fu,"

fH,:;'!:;r:rtr;tcture, Phase coпposition, suфсiпg."Ьkс:trоп-оеап processing. пorphologl, car_

Introduction
The important fundamental task is to obtain the coatings йth hiф service ргореrtiеs ensuring the in-
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сrеаsе in operational life of products in the ехtrеmе conditions ofhigh wear, corrosion, mechanical loads and
temperatures Il]. Hardfacing using sчреriоr mаtегiаl coatings has been widely used to achieve longer service
life [2-5]. Among different methods welding is considered as ап economicai choice as а variety Ъf process
can Ье utilized to deposit а dеsirеd coating [6].

Thorough analysis of <wear parametels - hardness miсгоstrчсfuге) relation is necessary in reseaTch
апd pracfical application of suгfacing ofvarious tlpes in the critical components and products [7-10]. Only in
this case it is possible to obtain products with hiф op€rational раrаmеtеrs.

The purpose of the research is the analysis of structure and tгibological properties of the lауеr fогmес
оп Нагdох 450 Steel with electrocontact surfacing of Fe-C-Cr-Nb-W wirе and modified Ьу higi intensiц
pulsed еlесtrоп Ьеаm iгrаdiаtiоп.

Material and methods
Hardox 450 steel (0.19-0.26 С;0.70 Si; 1.6 Мп;0.025 Р;0.010 S;0.25 Сr; 0.25 Ni; 0.25 Мо;0.00:

В; balance - Fе, wеiфt %) was used as а base material. The surfacing of the strengthening layer was done
Ьу with consumable metal electrode shielded Ьу inerУactive gas with automatic feeiing oifillb wire) iпеr:
gas shielded welding (Ar - 98О/о, СО2 - 2%), under welding current 250-з00 А and чЪltаgе 30-35 V. The
powder wiге 1.б mm in diameter of the fоllойпg chemical composition (wеiфt %): 1.3 Cl7.0 Cr; 8.5 Nb:
1.4 W; 0.9 Mn; 1.1 Si; balance - Fе was used as surfaced electгode. SurfасЙg results in ihe fойаtiоп oi
high strength surface lауеr - 5 mm in thickness.

Modification ofthe surfaced lауеr fоr increasing in its tribological properties was done Ьу surface ir-
radiation with intensity electron beam at the facility <SOLO> [1 1] in the iegime of meting anj high speeC
crystallization. Electron-beam pTocessing was done in two stages: parameters of еlесtrоп Ъеаm at-the flrý
stage - density of electron Ьеаm energy iплрчlsе Es = 30 J/sm2; pulse duration т = 200 ps; quantity of pulse:
N = 20; at the second stage - Еs:З0 J/cm2: т = 50 цs; N = l. ТЙе irradiation regime, r,vеiеЪhо."п Ьу 

"ul.u-lation results of tеmреrаtuге field forming in the surface lауеr ofthe material in irradiation align in one pulse
геgimе [l2]. InvestigatioтB oftгibological properties, defect ýчЬStruсtчrе, chemical and phase iomposition о:
modified surface 1ауеr аrе саrriеd out using the methods of modem material science.

Results and Discцýýion
The irradiation ofthe surfaced 1ауеr йth high intensiф pulsed electron Ьеаm results in the fоrmаtiог

of the modified suTface 1ауеr up to 20 pm thick. The modifieJ layeT differs from the major volume ofthe
surfaced material Ьу the degTee of strчсturе dispersion гечеаlеd in ion etching of the tiansverse metallo-
graphic section.

Iп the volume of the surfaced lауеr unirradiated with electron Ьеаm the dimensions of the etchec
Slructural elements reach 1.5 рm, and afteT electron-beam processing dimensions of etching elements (eri-
dently, hiф melting compounds posSessing а comparatively low lеЙ of etching with ion ЬЙm) vary withil
150-750 пm (Fig. 1).

Figше l - Structure ofthe surface layer. The transveБe etched metallogTaphic section. The аrrоws designate
the irradiation surface ofthe 1ауеr йth pulsed electfon beams. Figures designate: 1 * the lауеr modified wiЁ

electron-beam processing; 2 - the main volume of the surfacing

152



. When analyzing the results of Х-rау phase analysis shown in Fig. 2 and iг- Т:э_е l ir сап Ье revealed
:hat the mastel phases of the studied surface layeT ofthi surfacing аrе а-Fе (Solul:t-',l с. Ге based Ьсс lattice)::d niobium carbideNbC. А comparatively small parameter of cфstal lattice ofniooium .u.bia. 

"ngug"s 
tb"

ettention. The niobium саrЬidе NbC has а parameter of crystaliattice within О,.l+:Ч ro О.+U t ппiliЗ,1.А comparatively small valueюf cryStal lattice раrаmеtеr of niobium carbide оЬsеп-еdЬу 
"a 

Ь 
'Ь":',,:егimепt (ТаЫе l) mау Ье caused Ьу а high level of concentTation of vacant iпtегstitiаl sites Ъачiпg the

,::-:1leT lineaT dimension compared to the occupied interstitial sites. It is сопfirmеd Ь1. rhе .esulis oi erperi-:rtal works [14, 15].

-::_е 1 - Results of Х-rау phase analysis of the surfaced layer after the processing rvith intense pulsed
electron beams.

1er ealed phases Phase content,
mass. о/о

Lattice parame-
tеrs, а, nm

Dimension ofcoherent
scatteгing геgiоп, пm Ad/d* 10 3

0,-Fе 46.9 0.28553 б 1.8 2.зб
NbC 53.1 0.4з691 12.7 6.47

:. : :.:::-ied layer of the surfacing the inclusions hаче-imаllеr di-;;й;ii;;й;;;;й;;;il;
':_'.{iliФ and аrе located mainly in.the 

_fоrm of comparatively thin ЙtеrlауЁrs utong grЙ boundu-
:'-.-...i 

]frч" :f '1" 
surfacing nonmodified with electron-b"u- pro""..ing iЬJ."rЙ"Йf;"i"ЙiЙ"

::.usions is the facet shape particles located chaotically in grаiп volume,

: ---:е 2 _ Structure of surfaced 1ауеr modified with electron Ьеаm. (а). Microelectron dilfraction
pattem (Ь) is obtained from the particle designated Ьу the аrrоw.

-. facet shape niobium carbides аrе also revealed at 5 mm depth from the еlеспоп beam modified
- :е реrfоrmеd tribological tests revealed 70-fold increase in wеаr resistance of the suггасеd laver

ТЕМ image analysis shows that the second phase inclusions аrе located largely along the grain bound-
--:; з the fоrm of extended interlayers 100- l50 пm in thickness. The second phaie inclusions lБсаtео in tbe
--,--, 

] unctions have the Shape ofthe extended tгiрlе node and dimensions ofsu"h inclu.lon, ..u"b i р,n.Using the methods of microdiffraction analysis with dark field technique it is shown thui ib" .""ono- :-: :nclusions located along grain boundaries in the fоrm of interlayers аrе carbide мuсlгеrЙrg. ь tbe
--:е and along the boundaries of martensite cryStals the particles оfirоп сагЬidе FезС Ьо..iЫу, Й,Сl *.-.'::_ed,

The surface layer structrrre of the surfacing irTadiated with intense pulsed electron beams is сhаrас-
=-::: 

'эr, the рrеsепсе of the facet shape inclusions located chaotically in tire grain volume riЙ zl. ib" ai-,-t::::S ofSuch inclusions reach 2 pm. Indexing of microelectron аiffrасtiй pattem obt;in;d iom sцсh
- _.:ns is indicative of their being niobium carbide NЪС.

Thus, Ьу methods of electron diffraction miсrоsсору it is shown that the surface lауеr of the surfac-:: :,:lt-ied with intense pulsed elechon beam is а multi-phase aggregate with the mastei phases of o-iron:-.:: i :.id solution and carbides МбС, NbC and FезС.
тъе ргiпсiраl difference of the suTface lауеr modified with intense pulsed elecfion beam frоm thel :: _,::T-led volume of the surfacing is the morphology and dimensions of the second phase inclusions. In
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modified with intense pulsed еlесtrоп Ьеаm in relation to wеаr resistance of steel,

Fig. З shows ihe change in friction factor in triьоlофса1 tests of the layer modified йth electrc:

ьеаm, Тhе two-stage change й fri"tion factor is noticeable. In the first stage the ftiction factor value is :

0.17, in the sесопdЪtаgе =Ъ.5. Th" fTiction factor of steel Without the surfacing : 0.2б. When analyzing t:.

сhатце in fraction facior in triьоlофса1 tests (Fig. З) it mау Ье supposed that modification_of the surface;

layeiwith intense pulsed e]ectron biams Tesults in Substantial (:3-fold) decrease in friction factor ofthe SL:,

faced 1ауеr.

L,M

Figure З - Dерепdепсе of friction factor on track length of йьоlоgiсаl tests. Тhе insert shows
- 

the conditions of tгibological tests.

conclusion
The studies of Structure and triЬоlофсаl propertieS of the lауеr formed on Наrdох 450 steel Ьу.е ::-

trocontact surfacing of Fe-c-cr-Nb-w йremodified Ьу irгаdiаtiоп with hiф intensity pulsed elect'_on bt

have been сагriеd Бчt. It has been shown that еlесtrоп-Ьеаm pгocessing of the welding surface Tesulк iп

structme refinement and change in mоrрhоlоgу of caTbide phase of the 1ауеr as well as the substantial

tion in its friction factoI.
ЛсkпоwЛеdgеmепб. The research is financially supported Ьу grant RSF фrоjесt Nq15-19-00065).
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оцЕIlкА кАчЕствл YпрочIlЕIlttого сJtоя послЕ повЕрхIlостного
ПЛАСТИЧЕСКОГО ДЕФОРМИРОВАНИЯ В СТЕСНЕННЫХ УСЛОВИЯХ

Кыонг Нго Као, Зайдес С.А.

Иркуmскuй нацаонапьньtй uсапеdовапле|ьскuй mехн uческай унuверсu пеm,
2. ИрlЕrпск, Россuя, сuопg. istu@п, ail.com, xs@jstu,edu

Анноmацuя: Рассмоmрено влuянuе условлlrt dеформuрованuя (свобоОное u сmесненное) на ха-
!акmерuсmuкu качесmва поверхносmно2о слоя упрочненных 0еmапей: цlероховаmосmь, осmапочные
,-апря)lсен1]я, апубuна наlсlепа, mверdоспtь tl мtlкроmверdоспlь. Вьtявлен.l эффекmuвносmь упрочнеl!|п
':ptt dеформuрованLlu в сlпесненном условuu на2руэ!сенця по сравненuю с dеформuрованuе;tl локсulьньLм
: в о б оёньtм н аzруэtс е HueM.

Ключевые слова: сlпесненное услобuе ёеформuрованtа, волна, ппасmuческое
э з фор_uuрованuе, упрочненuе, харакmерL!спluкu поверхнослllноzо сJхоя.

QUALITY EVALUATION ОF SURFACE LAYER AFTER SURFACE PLASTIC
DEFORMATION IN СОNSТRЛINЕD CONDITIONS

Сuопg Ngo Сао, Zaides S.A.

Irkutsk Nаliопаl Rеsеаrсh Тесhпiсаl |Jпiversiф,
Irkutsk, Rassiaп Federation, cuoпg.iýtu@grt ail соп, zsa@jstu,ed,u

Abstract: The purpose of the article iS to coпsider the iпfluепсе of the dеfоrmаtiоп сопditiопs (free
:,:d cramped сопditiопs ) оп the characteristics of lhe sudace layer quality: rоughпеss, residual stress,
:epth of hоrdепiпg, hard.ness апd micro-hardness. Dеlеrmiпiпg lhe effecliye hаrdепiпg during dеfоппаliоп
-. сrаtпреd сопditiопs of loadiпg, which соmраrеd with lhе free local lоаdiпg.

Kqlwords: сопStrаiпеd deformation, plastic wave, plastic deformatioп, hаrdепiпg, surface layer
:rcIiry.

введеппе. Поверхностное пластическое деформирование (ппф яв:rяетея одним из наиболее
:остых и эффективных методов отделочно-упрочняющей обработки деталей машин. ППД повышает
:таJIостную прочность, контактную выносливость и износостойкость деталей и тем самым увеличи-

a;ет долговечность машин [1-4]. Управление напряженным состоянием при отделочно-упрочняющей
:,]эаботке поверхностным пластическим деформированием имеет большое значение для изготовле-
---з изделий повышенного качества. Например, при обработке мапожестких стержневых изделий
::ожно получить необходимую интенсивность напряженного состоянI,1я, т.к. повышенное давление
-: ]еформирующий инструмент приводит к искаjкению геометрической формы самого изделия. При
:]:ОТОВЛеНИИ ТОНКОСТеННых деталеЙ иногда требуется снизить напряженнное состояние в очаге пла-
_ ,lЧеСКОЙ ДефОРмации, чтобы в процессе формообразования исключить перенакJIеп или увеличение
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