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CNB-W u Moduguyuposanmozo nocredyiouei SAEKMPONHO-NYUK0B0Y 0Bpabomxoil. Tlokasano, ymo spex-
TResHO-nyuKO8an 0bpabomxka Hanrasnennozo CNOA MOAUWUHOTE ~ 5 MM mpusodum « opmupoeanuro MOOUp Y-
EIEHO20 HOBEPXHOCMNO20 Clos Mmool ~ 20 Mrm, 0cHOBHbIMU @asavu xomopozo sensiomes a-Fe u Kap-

Wssuaal pasvep no cpaswenwo ¢ SANOTHEHHBIMU MedcOoysmsmt. Vemanosneno, ymo USHOCOCIOUKOCID
“EISTIEHHO20 CTI0A NOCTe 3NeKMPOHHO-Y KOGV obpabomxu eospacmaem Gonee yem g 70 paz no omnowerwo
- =mococmotikocmu cmanu Hardox450, a Ko3gdhunenm mpenus chucaemes; ~ ¢ 3 pasa.

Kniouegsie cnosa: CMpyKmypa, gasoswiii cocmas, nannasxa, SNEKMPOHHO-IYYesas obpabomka,
wedonozus, kapbude, mpubonozuieckue ceoticmea.
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Abstract: Structural phase states and tribological properties of the coating surfaced onto Hardox
<" martensite low-carbon steel with powder wire Fe-C-Cr-Nb-W and modified by subsequent electron-
“w=m processing are studied by methods of modern physical material science. It is shown that irradiation of
- 5 mm thick surfaced layer with high intensity pulsed electron beams results in the formation of ~ 20 U
ok surface layer with the master phases of a-Fe and NbC, Fe;C and MsC(Fe;W3C) carbides. It is estab-
“wted that wear resistance of the surfaced layer after electron-beam processing increases more than 70-fold
tive to wear resistance of Hardox 450 steel and friction coefficient decreases significantly (~3-fold).

Key words: structure, Phase composition, surfacing, electron-beam processing, morphology, car-
“ies, tribology properties.

Introduction
The important fundamental task is to obtain the coatings with high service properties ensuring the in-
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crease in operational life of products in the extreme conditions of high wear, corrosion, mechanical loads and
temperatures [1]. Hardfacing using superior material coatings has been widely used to achieve longer service
life [2-5]. Among different methods welding is considered as an economical choice as a variety of process
can be utilized to deposit a desired coating [6)].

Thorough analysis of «wear parameters — hardness microstructure» relation is necessary in research
and practical application of surfacing of various types in the critical components and products [7-10]. Only in
this case it is possible to obtain products with high operational parameters.

The purpose of the research is the analysis of structure and tribological properties of the layer formed
on Hardox 450 steel with electrocontact surfacing of Fe-C-Cr-Nb-W wire and modified by high intensity
pulsed electron beam irradiation.

Material and methods

Hardox 450 steel (0.19-0.26 C; 0.70 Si; 1.6 Mn;0.025 P; 0.010 S; 0.25 Cr; 0.25 Ni; 0.25 Mo; 0.004
B; balance — Fe, weight %) was used as a base material. The surfacing of the strengthening layer was done
by with consumable metal electrode shielded by inert/active gas with automatic feeding of filler wire) iner:
gas shielded welding (Ar — 98%, CO, — 2%), under welding current 250-300 A and voltage 30-35 V. The
powder wire 1.6 mm in diameter of the following chemical composition (weight %): 1.3 C; 7.0 Cr; 8.5 Nb:
1.4 W; 0.9 Mn; 1.1 Si; balance — Fe was used as surfaced electrode. Surfacing results in the formation of
high strength surface layer ~ 5 mm in thickness.

Modification of the surfaced layer for increasing in its tribological properties was done by surface ir-
radiation with intensity electron beam at the facility «SOLO» [11] in the regime of meting and high speed
crystallization. Electron-beam processing was done in two stages: parameters of electron beam at the firs:
stage — density of electron beam energy in pulse Es = 30 J/sm?; pulse duration T =200 us; quantity of pulses
N = 20; at the second stage — Es = 30 J/cm®; 1= 50 ps; N = 1. The irradiation regimes were chosen by calcu-
lation results of temperature field forming in the surface layer of the material in irradiation align in one pulse
regime [12]. Investigations of tribological properties, defect substructure, chemical and phase composition of
modified surface layer are carried out using the methods of modern material science.

Results and Discussion

The irradiation of the surfaced layer with high intensity pulsed electron beam results in the formation
of the modified surface layer up to 20 pm thick. The modified layer differs from the major volume of the
surfaced material by the degree of structure dispersion revealed in ion etching of the transverse metallo-
graphic section.

In the volume of the surfaced layer unirradiated with electron beam the dimensions of the etched
structural elements reach 1.5 um, and after electron-beam processing dimensions of etching elements (evi-
dently, high melting compounds possessing a comparatively low level of etching with ion beam) vary within
150-750 nm (Fig. 1).

Figure 1 - Structure of the surface layer. The transverse etched metallographic section. The arrows designate
the irradiation surface of the layer with pulsed electron beams. F igures designate: 1 — the layer modified with
electron-beam processing; 2 — the main volume of the surfacing
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When analyzing the results of X-ray phase analysis shown in Fig. 2 and in Table 1 it can be revealed
that the master phases of the studied surface layer of the surfacing are a-Fe (solution of Fe based bec lattice)
znd niobium carbide NbC. A comparatively small parameter of crystal lattice of niobium carbide engages the

attention. The niobium carbide NbC has a parameter of crystal lattice within 0.4429 to 0.4471 nm [13].

A comparatively small value of crystal lattice parameter of niobium carbide observed by us in the
=xperiment (Table 1) may be caused by a high level of concentration of vacant interstitial sites having the
smazller linear dimension compared to the occupied interstitial sites. It is confirmed by the results of experi-
mental works [14, 15].

“zdle 1 - Results of X-ray phase analysis of the surfaced layer after the processing with intense pulsed
electron beams.

Revealed phases Phase cor;tent, Lattice parame- DImens_lon of r_:oherent Ad/d*107
mass. % ters, a, nm scattering region, nm
a-Fe 46.9 0.28553 61.8 2.36
NbC 53.1 0.43691 12.7 6.47

TEM image analysis shows that the second phase inclusions are located largely along the grain bound-
===s in the form of extended interlayers 100-150 nm in thickness. The second phase inclusions located in the
==n junctions have the shape of the extended triple node and dimensions of such inclusions reach 1 pm,

Using the methods of microdiffraction analysis with dark field technique it is shown that the second
“izse inclusions located along grain boundaries in the form of interlayers are carbide M4C(Fe;W;C). In the

“=me and along the boundaries of martensite crystals the particles of iron carbide Fe;C (possibly, MsC) are
Esealed.

The surface layer structure of the surfacing irradiated with intense pulsed electron beams is charac-
“=2=d by the presence of the facet shape inclusions located chaotically in the grain volume (Fig. 2). The di-
me=sions of such inclusions reach 2 um. Indexing of microelectron diffraction pattern obtained from such
== z=ions is indicative of their being niobium carbide NbC.

Thus, by methods of electron diffraction microscopy it is shown that the surface layer of the surfac-
=2 modified with intense pulsed electron beam is a multi-phase aggregate with the master phases of a-iron
et solid solution and carbides MC, NbC and Fe,C.

The principal difference of the surface layer modified with intense pulsed electron beam from the
“=modified volume of the surfacing is the morphology and dimensions of the second phase inclusions. In
== modified layer of the surfacing the inclusions have smaller dimensions (in comparison with the volume
== surfacing) and are located mainly in the form of comparatively thin interlayers along grain bounda-
"= = the volume of the surfacing nonmodified with electron-beam processing the main morphological type
* %= nclusions is the facet shape particles located chaotically in grain volume.

‘zure 2 - Structure of surfaced layer modified with electron beam. (a). Microelectron diffraction
pattern (b) is obtained from the particle designated by the arrow.

“he facet shape niobium carbides are also revealed at 5 mm depth from the electron beam modified

“he performed tribological tests revealed 70-fold increase in wear resistance of the surfaced layer
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modified with intense pulsed electron beam in relation to wear resistance of steel.

Fig. 3 shows the change in friction factor in tribological tests of the layer modified with electroz
beam. The two-stage change in friction factor is noticeable. In the first stage the friction factor value is =
0.17, in the second stage = 0.5. The friction factor of steel without the surfacing = 0.26. When analyzing ths
change in fraction factor in tribological tests (Fig. 3) it may be supposed that modification of the surfaces
layer with intense pulsed electron beams results in substantial (= 3-fold) decrease in friction factor of the sur-

faced layer.

0801 lAcquisition

Radius + 1,95 [mm)
Lin. Speed : 2.00 [cm/s)
Mommal load : 10.00 [N]
as14 |Stop condit. : 5000 [lap]
Effective Stop : Laps
Acquisition tate : 1.0 [Hz]

H Sample
0424 | -Coating : 258

Static Partner
-Substrate : BK
-Dimension : 3.00 [ram]

0339 | Geometry : Ball

Environment
Temperature  : 25.00['C]
Atmosphere  : Air

0.244

Humidity - 50.00 (%)

0.15p

: T J J T T et
0.02 [m) 1230 2450 3680 4300 £1.30]

L,m

Figure 3 - Dependence of friction factor on track length of tribological tests. The insert shows
the conditions of tribological tests.

Conclusion
The studies of structure and tribological properties of the layer formed on Hardox 450 steel by cles

trocontact surfacing of Fe-C-Cr-Nb-W wire modified by irradiation with high intensity pulsed electron be==
have been carried out. It has been shown that electron-beam processing of the welding surface results in &=
structure refinement and change in morphology of carbide phase of the layer as well as the substantial redze-
tion in its friction factor.
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Aunnomayun: Paccmompeno enusanue ycnosus oeopmuposanus (c60600Hoe u CIMecHeHHOe) Ha xa-
PAKMEPUCIMUKY KAYeCmea NOGePXHOCTHHOZO CROA YRPOYHEHHBIX Oemanell: Uepoxoeamochib, OCIAMOYHbLE
HaNpAdNCeHUA, enybuna naxiena, meepoochi u Mukpomsepdocme. Buisenena sghdpexmusnocmn ynpounenua
APU OehOPMUPOBAH U 6 CHIECHEHHOM YCII08UMU HAZPYHCEHUS NO CPAGHEHUIO C OehopMUPOBAHUEM TOKATbHbIM
CBODOOHBIM HAZPYHNCEeHUEM.

Kniouegvie cnosa: cmecnennoe ycnosie 0eopmuposanis, NIACMUYECKas 60HA, MIACIMUYECKOE
Jehopmuposanue, YnpouneHue, Xapakmepucmuk ROBEPXHOCIHOZ0 COS.

QUALITY EVALUATION OF SURFACE LAYER AFTER SURFACE PLASTIC
DEFORMATION IN CONSTRAINED CONDITIONS
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Abstract: The purpose of the article is to consider the influence of the deformation conditions (free
and cramped conditions ) on the characteristics of the surface layer quality: roughness, residual stress,
Zepth of hardening, hardness and micro-hardness. Determining the effective hardening during deformation
= cramped conditions of loading, which compared with the free local loading.

Keywords: constrained deformation, plastic wave, plastic deformation, hardening, surface layer
suality.

BBeaenne. TloeepxHocTHoe nuactuyeckoe jedopmuporanue (TTT1]T) sBnseTcs ofgHuM U3 HanGonee
“DOCTBIX M 3((EKTHBHBIX METOIOB OTAENOUHO-YNIPOYHsoLel 06paboTku Aetaneii MammH. [TIT]] moBbImaeT
JET0CTHYIO IPOYHOCTh, KOHTAKTHYIO BBIHOCIHBOCTE M H3HOCOCTOMKOCTE JleTaneil U TeM caMbIM YBEIHYH-
22T JIOIrOBEYHOCTE MallMH [1-4]. YnipaBnenue HanpsskeHHBIM COCTOSHUEM TIPH OT/IEI04HO-YIIPOYHAIOIIEH
25paboTKe TOBEPXHOCTHBIM IIACTHYECKHM Ae()OPMHUPOBAHHMEM HMeeT GONBIIOe 3HAUEHHE /LIS M3rOTOBIE-
=Hs M3eNHH NOBBIIIEHHOTO KauyecTBa. Hanpumep, mpn o6paboTke MaloKeCTKMX CTep:KHEBBIX H3ZIeNHil
“T0KHO IOJYYUTh HEOOXOAMMYH MHTE€HCHBHOCTb HAIPSKEHHOIO COCTOSHMA, T.K. NOBBILICHHOE JaBIIEHHE
#2 1e(opMUpYIOIUH HHCTPYMEHT MPHBOAUT K HCKKEHUIO TEOMETPHUYECcKoll (hOPMBI CaMOT0 M3JEIHA. ITpu
TITOTOBNEHHH TOHKOCTEHHBIX JIETaled MHOTAA TpebyeTcs CHH3WTH HANpPsSKeHHHOE COCTOSHHE B Ovare Ija-
“Ti4ecKoi nedopmanun, 4ToOkl B npouecce HopMoobpa3oBaHUs UCKITIOUHTE NEPEHAKIIEN WM YBEIHYEHUE
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