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USE OF COMBINED STRENGTHENING METHOD TO OBTAIN OPTIMAL
COMPOSITION OF PHYSICO-MECHANICAL CHARACTERISTICS
OF MEDIUM CARBON

The research of the combined method of restoration and strengthening of the surface layer of
the camshaft of the internal combustion engine is carried out. A comparative analysis of the physical
and mechanical characteristics of coatings after the most common hardening treatments, taking into
account structural transformations in the surface layers.

The graph of dependence of physical and mechanical characteristics of coverings at the cor-
responding technologies of hardening taking into account prime cost and expenses for optimization of
technological ways of hardening is deduced.

Key words: hardening, drilling, laser processing, microstructural analysis, combined method,
instrumental identification, technological processes of hardening.

B pobomi nposedeni docniodicenns KomMOIiHOBAH020 CNOCcoOy BIOHOGNECHHSA | 3MIYHEHHS NOBEPX-
He6020 uiapy KyladKiB po3nodilbHo20 8any 08USYHA HYMPIUHBLO2O 320panHs. 3pooienull nopieHsIb-
HUU AHANE3 DI3UKO-MEXAHIYHUX XaAPAKMePUCMUK NOKPUMMIE NiC/ie HAUOLIbW NOWUPEHUX 3MIYHIOOYU
00pOOOK 3 YPAXy8auHAM CIMPYKIMYPHUX NEPEmMBOPeHb 8 NOBEPXHEBUX UWLAPAX.

Buseoenuii epaghixzanesicnocmi (izuxo-mexaniyHux Xapaxmepucmux nOKpUmmis npu 6iono-
BIOHUX MEXHONO02IU 3MIYHEHHS 3 YPAXYBAHHAM cobieapmocmi i sumpam 05t ONMUMI3AYii MexHoa02iu-
HUX CNOCOo0i8 3MIYHEHHsL.

Knwuogi cnosa: smiynenns, 6opyeanns, nazepua 0opooxa, MiKpOCmMpYKmMypHUtl aHariz, Kom-
OiHoBaHUL CROCID, IHCMPYMEHMaTbHe I0eHMUDIKYBAHHS, MEXHOIOSIUHI NPOYeCU 3MIYHEHHSL.

Problem’s Formulation

Modern conditions of operation and use of automotive equipment require a significant in-
crease in loads, speed and temperature of the main components, mechanisms and units while increas-
ing the reliability, durability and life of the car as a whole.

The main percentage of destruction of parts (30 %) is allocated to friction processes in the
contact pairs of mechanisms. Therefore, special attention is paid to the condition of the surface layer
of tribocontact pairs, namely hardening technologies.

The wear resistance of the surface layer, durability, reliability and service life of cars depend
on the complex of the formed properties at various technological ways of strengthening.

Analysis of recent research and publications

Over the last decades, hundreds of technologies have been introduced into the machine-
building industry in the world practice to strengthen the surface layer of parts. The main criteria for
choosing methods of hardening are high wear-resistant, physical and mechanical, operational proper-
ties of coatings and the total cost of the technological process, equipment, consumables, environmental
friendliness and safety. The mechanisms of formation of wear-resistant structures are covered in many
works of famous scientists [1—4].

The directories provide the modes of processing and the end result of the most common tech-
nological methods of processing, which is guaranteed by the sequential performance of certain opera-
tions are appropriate microstructures with specified microhardness and wear resistance on experimen-
tal steels [5—7].
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A significant breakthrough in the field of strengthening treatments was the use of high-energy
energy sources, which allowed to expand the range of modification of surface layers, significantly in-
crease the strength and wear resistance characteristics [8].

Formation of the study purpose

Based on the analysis of the use of the latest methods of hardening to develop a method of
choosing the best option for the use of wear-resistant technologies, to develop a sequence of combined
methods of surface layer modification by boriding followed by laser treatment.

Presenting main material

The disadvantage of most methods using laser treatment with different types of coatings is the
inability to control the surface roughness, structural processes, the concentration of alloying elements
in the surface layers in the laser treatment zone, the heterogeneity of the treated surface, fluctuations in
microhardness of local areas processing.

In industrial practice, quite often the processes of restoration and strengthening of the surface
layer consist of the following successive operations: restoration of the geometry and shape of the sur-
face by surfacing with electrodes; blade processing to ensure the geometric parameters of the product;
drilling of the surface with the formation of superhard structures; laser treatment for surface modifica-
tion; finishing. In fig. 1 shows a cross-sectional view of the camshaft after surfacing and hardening.

Combined method of modification by drilling and laser treatment, including pre-drilling in the
furnace in the environment of boron-containing substances and followed by pulsed laser treatment at
storage energy E =28 kJ, @ = 8 mm — diameter of the laser beam with a coefficient of overlap of
15 % with a pulse duration of 1.10°—2-10"% and a distance of 70 mm from the target (fig. 1) allows
you to get on steel 45stable layer of borides and boboboroids type carboborodi Fe (CB), Fe, (CB).

e deposited layer (h = 400 pm) '

Border area

WD=14.0mm 20.00kV  x25.0

Fig.1. Photo of the cross section of the camshaft after surfacing and hardening

The technological process is based on the task of improving the combined method of surface
modification by combining two consecutive operations — saturation of the surface layer with boron in
the furnace with the formation of high-strength phases FeB, Fe,B with microhardness H,s, = 16000 MPa
on steel 45 at a depth of 25 microns. The disadvantage of superhard structure is its fragility and suscepti-
bility to cracking. To eliminate these defects, a second cycle of processing using laser pre-drilled surfac-
es of the part is proposed. The needle microstructure of the surface boron layer is destroyed by laser ir-
radiation. The crystal needles of the microstructure are crushed and new quenching structures appear in
the surface layers such as Fe (CB) and Fe, (CB) carboborides. Decreased by 20 % above the high
stresses of the crystal lattice and the microhardness H,so = 14000 MPa in the surface layer.

Modes of laser processing are developed with the following parameters at: accumulation ener-
gy E = 28 kJ, @ = 8 mm — diameter of laser beam with coefficient of overlap of processing zones
15 %, with pulse duration 1-10°—2-10° s and with distance to target 70 mm. When boriding in the
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combined method in the furnace is the saturation of the surface layer with boron to a depth of 25 mcm.
The next stage in surface modification is pulsed laser treatment of a homogeneous boron-saturated sur-
face with preservation of geometric parameters. The implementation of the combined method according
to the prototype leads to partial recrystallization of the microstructures of the borated layer. The super-
hard needle-shaped boron layer after laser treatment is transformed into smaller formations, and the
accumulation of FeB and Fe2B borides is transformed into carboborides of the Fe (CB), Fe, (CB) type
with a 15—20 % reduction in the surface layer hardness. This proportionally increases the ductility of
the material, which has a positive effect on the overall characteristics of strength and durability.

The specified modes of boriding and laser processing provide recrystallization of surface layer
structures. Modes of combined processing are developed: drilling at a temperature of 850°C with en-
durance of 7 hours of processed details in the environment of boron-containing substances and the
subsequent laser processing at energy of accumulation E = 28 kJ, @ = 8 mm — diameter of a laser
beam with coefficient of overlapping 1-10°—2-10s and from a distance of 70 mm to the target. Fluc-
tuations in the values of energy accumulation less than E = 28 kJ leads to incomplete recrystallization
of the surface layer structures, the presence of zones without the influence of laser radiation. When
using energies greater than E = 28 kJ leads to uncontrolled melting of local areas, violation and de-
struction of the microgeometry of the surface layer, the emergence of craters and other defects of the
surface layer. When the coefficient of overlap fluctuates less than 10 %, some local areas do not fall
under the zone of laser exposure, and more than 30 % to the imbalance of components and boron layer
and uncontrolled processes of hardening and double hardening. Fig. 2 shows a schematic diagram of
the proposed combined method of strengthening the surface layer. The boron hardening process is as
follows. The prepared surface of the part 1 in a special container is loaded into an electric furnace 2 for
chemical-heat treatment (boriding). Electric heating device 3 provides temperature maintenance in the
furnace T = 850° with a holding time of 7 hours in the environment of boron-containing substances.
The second stage of the hardening process is associated with laser treatment (solid-state pulsed laser 3
GOS-1001) of the boriding layer according to the given modes at storage energy E = 28 kJ, @ = 8 mm
— diameter of the laser beam with overlap coefficient of 15 % pulse 1-10°—2-10"%s and with a dis-
tance to the target of 70 mm. After completion of the combined method of hardening, the surface of
the part is cleaned of soot and oxidation products.

Fig. 2. Scheme of implementation of the combined method of hardening — boriding + laser
treatment

For determination of vibrations of physical and mechanical properties of superficial layer (pa-
rameters of Hu, KCU, E, oy, 0., K 8, ) of steel 45 after the different methods of strengthening (bo-
riding, boriding +of LT, laser treatment (LT), nitriding + of LT, nitriding, heat treatment) used the me-
thod of instrumental authentication by means of device of "Micron-gamma” [9, 10]. On results mea-
suring the graphic chart of vibrations of physical and mechanical properties of steel 45 (Fig. 3) after
the different methods of strengthening.
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Fig. 3. Graphic diagram of fluctuations of physical and mechanical properties of steel 45 after
different methods of hardening (boriding, boriding + LT, laser treatment (LT), nitriding + LO, nitrid-
ing, heat treatment

The method of the dynamic squeezing out is based on automatic registration of loading (P) on
an indenter and depths of his squeezing (h). Result is given as a diagram of loading, treatment of that
allows to investigate micro hardness, study the features of microstrain after kinetics of squeezing to
the indenter, to registration microcreep and to measure the resiliency of materials. Methodical bases of
determination of hardness and module of resiliency after the diagrams of squeezing are based on the
method of Oliver W.C., Pharr G. and international standard (ISO/FDIS 14577-1: 2002) accepted in
quality.

The excellent feature of device is the use of differential sensor of the small moving, principle
of work of that consists in bathymetry of squeezing to the indenter in relation to the surface of pre-
production model. authentication is by means of device of "Micron-gamma" [9, 10]. On results mea-
suring the graphic chart of vibrations of physical and mechanical properties of steel 45 (fig.3) after the
different methods of strengthening.
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Conclusions
Worked out methodology of determination of optimal methods and technologies of streng-
thening of superficial layer of details from steel 45 on the criterion indexes of efficiency. The defined
basic values of base indexes that fold I, are a zero level that is taken for an optimal variant forstreng-
thening of surfaces at corresponding technologies.
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BUKOPUCTAHHS KOMBIHOBAHOI'O CITIOCOBY 3MINHEHHA AJ151
OTPUMAHHS OIITUMAJIBHOI'O CKIAALY ®I3UKO-MEXAHIYHUX
XAPAKTEPUCTHUK CEPEJHbOBYTJIELIEBUX CTAJIEN

Yepuera O.I'., Cepena B.1I1., Kyounu B.1.

Pedepar

MexaHi3MH YTBOPEHHSI 3HOCOCTIHKMX CTPYKTYp BHCBITJIEHI B 0araThbOX Mpalsix i HIMPOKO
3aCTOCOBYIOTBCSl Y BUPOOHHMYMX MpOLecax MAlIMHOOYAIBHUX rany3sx. BigmpanpsoBaHi pexxumu o0po-
00K, /e TapaHTOBaHO NP MOCTIJOBHOMY BUKOHAHHI MIEBHUX OMepaniidl OTPUMYIOTHCS BiAIOBIAHI MiK-
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POCTPYKTYpH 3 3aJJaHUMH IMOKa3HUKAMH MIKPOTBEPAOCTI i 3HOCOCTIMKOCTI Ha TOCIHITHUX CTaJSIX. 3Ha-
YHUM TIPOPUBOM Y cepi 3MIHIOIOUNX 00pOOOK CTal0 BUKOPUCTAHHS BUCOKOCHEPTETUYHHX JUKEpe
SHeprii, 0 JA03BOIUIO PO3MIMPUTH CIIEKTP MOAN(IKYBaHHS MOBEPXHEBUX IIAPIB, 3HAYHO MiABUIIUTH
MIITHUIBKI 1 3HOCOCTIHKI XapaKTepUCTHKU. Y BHUPOOHMYMI MPAKTHUI JOBOJI YACTO MPOLECH BiJHOB-
JICHHS 1 3MIITHEHHS IOBEPXHEBOr0 MIapy CKJIANAIOThCA 13 HACTYIMHUX TOCiOBHUX OMEpalii: BiTHOB-
JIeHHS1 TeoMeTpii 1 opMH MOBEPXHi 32 PaxyHOK HAIUIABJICHHS €JIeKTPOAaMu, Je3BiiHa oOpoOka ams
3a0e3MmeYeHHs] TEOMETPUYHUX MapaMeTpiB BUpoOy; OOpYBaHHs MOBEPXHiI 3 YTBOPEHHSM HaATBEPAMX
CTPYKTYp; JiazepHa 00poOka A moan(ikyBaHHA MoBepXHi; QinimHa 00podka. KombiHoBanuit crocid
Moaudikawii 3a JormoMororo OopyBaHHS 1 J1a3epHOi 00pOOKH, IO BKIIOYAE MOMEpenHe OOpYBaHHS B
nedi B cepefoBUIII OOPOBMILIYIOUMX PEYOBUH i3 HACTYITHOIO OOpPOOKOIO IMITYJILCHHM JIa3epOM IpHU
eHeprii HakonmyeHHs E=28 k[, @=8 MM — niaMerpom Ja3epHOro my4ka 3 KoeilieHTOM MepeKPUTTS
30H 00pobKku 15 %, 3 TpuBamicTio iMmynbcy1'10°— 2107 i 3 BincranHIO 10 Minreni70 MM 103BOINsE
orpumatu Ha crami 45 crabuibHuil map OopuaiB i kaboOopuaiB Ty kapOodopumamu Fe(CB),
Fe,(CB). lns Bu3HAYCHHS KOJNMBaHb (Di3UKO-MEXaHIYHUX BIACTHBOCTEH IMOBEPXHEBOro Imnapy (mapa-
merpu H,, KCU, E, oy, 0., Ky, 3, W) crani 45 micns pisHEX cmoco0iB 3MminHeHHs (OopyBaHHS, Oopy-
BanHs + JIO, nazepHa oopoOka (JIO), azoryBanus + JIO, a3oryBaHHSs, TepMOOOpOOKA) BUKOPHUCTOBY-
BaJIM METOJ IHCTPYMEHTAJIBHOTO 1ICHTU(IKYBAaHHS 32 JJOMOMOro npuwiamay «Micron-gamma». 3a pe-
3ynpTaTaMu BUMIpiB MoOyAoBaHa rpadiuyHa cxema KOJUBaHb (Pi3UKO-MEXaHIYHUX BIACTUBOCTEH cTaji
45micnst pi3HUX CMOCOOIB 3MilTHEHHS. P03po0iieHa METOAMKa BH3HAYCHHS ONTHMAIBHUX CIIOCOOIB i
TEXHOJIOT1H 3MILHEHHsI MIOBEPXHEBOrO IIapy JeTajel i3 cTaii 45 3a KpuTepiaJbHUMHU MMOKa3HUKAMHU
e eKTUBHOCTI. Bu3HayeHi OCHOBHI 3HaueHHS 0a30BMX MOKa3HUKIB, IO CKJIANAIOTh J| — HyIhOBHIA
piBeHB 1 000B’I3KOBO HEOOXiHI [T 3MIITHEHUX ITOBEPXOHB MPY BiIIOBITHUX TEXHOJOTISX.
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