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Abstract. Problem formulation. Piston rings are subject to wear while in operation. Insufficient wear resistance of
materials limits the growth of machines productivity as well as the terms of their exploitation. The required complex of
properties of piston rings made of cast iron cannot be always reached by applying traditional methods of heat treatment or
chemical heat treatment processing. Thus, application of traditional borating methods associated with diffusion of boron
into the solid phase leads to the formation of the working layer exhibiting high brittleness. Therefore, the problem of
increasing the wear resistance of piston rings without embrittlement is challenging. The use oflaser heating during borating
provides the formation of a new layer with special properties. However, the optimum properties can be achieved only after
determining the relationship between the parameters of running a process and the depth of the borated layer. Goal of
research. To determine the influence of laser heating parameters on the depth of the borated layer, as the properties of
piston rings depend on the depth of the latter. Conclusions. Increase in the speed of displacing parts during laser heating
reduces the depth of the borated layer, and increase of the spot diameter enhances the depth of the layer. The phases and
structural components of the borated layer were interpreted by means of X-ray and metallographic methods. The results of
investigations can be applied to other machine parts, which are subject to intensive wear.
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Anomayia. IMocmanoska npoénemu. ITlopuiHeBi Kijblsg y MpOIECi eKcIulyaraiii 3HOIYIOThCA. HenocraTHs
3HOCOCTIMKICTh MaTepiamiB 3aTpPUMy€ 3pOCTaHHS NPOMYKTHBHOCTI MAaIlMH 1 TepMiHy ix ekcruryaramii. He 3aBxmm
MOTPIOHMI KOMIDIEKC BIACTUBOCTEH MOPITHEBHX KiJIelb, BATOTOBJICHUX i3 YaBYHY, MOKe OyTH NOCATHYTHH TpaquLiiHIMH
MEeToJaMH TepMiuHoi ab0 XiMiko-TepMmiuHoi 00poOku. Tak, 3acToCyBaHHS TPAAUIIHHUX CITOCOOIB OOPYBaHHS, TTOB’I3aHUX
i3 mudysiero 6opy B TBepay (asy, 3yMOBUTH (DOPMYBaHHS pOOOUOro APy, MOMAEBUCOKYKPUXKICTh. TOMY aKkTyalbHOIO €
mpobsemMa MiABHIICHHS 3HOCOCTIHKOCTI MOPIIHEBHX KiNlelb 03 OKpHXYyBaHHA. BUKOpPHCTAaHHS Ja3epHOr0 HATPIBY MPH
6opyBaHHI 3a0e31euye yTBOPEHHS HOBOTO IIapy 3 OCOOJMBUMHE BIACTHBOCTAMH. OTHAK ONTUMANBHI BIACTUBOCTI MOXYTh
OyTH JOCSATHYTI TUIBKM MICIISl BCTAHOBJICHHS 3B’SI3Ky MDK HapaMeTpamy IPOBEISHHS MpPOLeCy i NIyOuHOI 0OpOBaHOTO
wapy. Mema odocnidycenns. BCTaHOBUTH BIUIMB NapaMeTpiB Ja3epHOro HarpiBy Ha IJMOMHY Iiapy OOpyBaHHS, TaK SIK
BJIACTHUBOCTI MOPIIIHEBUX KIJCIb 3aJIC)KATh BiJl MIMOMHU OCTAHHBOTO. Buchoexu. 301bIICHHS MIBUIKOCTI MEPEMIlICHHS
JeTalli B TPOIECi JIa3epHOTO0 HarpiBy 3MEHINYe MIMOWHY mIapy OOpyBaHHS, a HiABUILEHHS JdiaMeTpy IUIIMH CHpUSE
3pOCTaHHIO MIMOWHKM mapy. PeHtrenorpadiunuM i meranorpadiuHuM Meronamu pocmudpoBaHo (a3 i CTPYKTYpHI
CKianoBi mapy OopyBaHHA. Pesynprat nocnimkeHb MOXyTh OyTHM NOIIMpEHI 1 Ha iHON JeTami, IO MiUIAraloTh
IHTEHCHBHOMY 3HOLTYBaHHIO.

KirouoBi cnoBa: nopwnesi kinvys, wap 6opyeanns, enubuna, cmpykmypa, 1a3epHuii Hazpis
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Annomanyus. Ilocmanoexa npoénemol. IopiiHeBbie KONblA B MPOIECCE IKCIUTYATAlUK IIOJBEPralOTCsS U3HOCY.
HenocrarouHass H3HOCOCTOWKOCTh MATEPHANIOB JIMMHUTUPYET POCT MNPOU3BOIUTENBHOCTH MalIMH M CPOKOB X
skcrutyaraiuu. He Bcerna TpeOyemblii KOMILIEKC CBOMCTB MOPIIHEBBIX KOJEL, M3TOTOBJICHHBIX M3 YYT'yHa, MOXET OBbITh
JOCTUTHYT TPAIUIMOHHBIMH METO/JaMH TEPMHYECKOH WIIM XUMHKO-TepMHYECKOW 00paboTtku. Tak, npuMeHeHHe
TPaIUIIMOHHBIX CITOCOOOB OOpHpOBaHUs, CBs3aHHBIX ¢ auddys3ueit Oopa B TBepayio a3y, MPUBOIUT K (HOPMUPOBAHHIO
paboyero cnost, o0ONafaroIero BBICOKOH XpymkocThio. [loaTOMy akTyanbHOH siBisieTcss TpoOiieMa MOBBILICHUS
HM3HOCOCTOMKOCTH TOPLIHEBBIX KoJyienm 0Oe3 oxpymuuBaHus. [IpiMeHeHMe Ja3epHOro HarpeBa IpH OOpUpPOBAHUH
obecrieunBaeT 00Opa3oBaHME HOBOTO CJIOS C OCOOBIMH cBoHcTBamMH. OJHaKO ONTHMAJIBHBIE CBOWCTBA MOTYT OBITh
JOCTUTHYTHI TOJBKO IIOCIIE YCTAHOBJCHHUS B3aMMOCBSI3M MEXIy MapamMeTpaMH MpPOBEJCHUS IMpolecca W IIIyOHHON
6opupoBanHoro ciosi. Ilenv ucciedoeanus. YCTAaHOBUTH BIMSIHAE [ApaMETPOB JA3epHOTO0 HArpeBa Ha TIIyOUHY
OOpUPOBAHHOIO CJIOSI, TAK KaK CBOWCTBA MOPIIHEBBIX KOJEI 3aBUCAT OT MIyOMHBI mocienHero. Buigoowst. Bo3pacranue
CKOPOCTH TIepEeMEILEHHUs eTalH B MPOLIECCE JIa3ePHOr0 HArpeBa yMEHbIIAeT ITyOuHy OOPHPOBAHHOTO CIIOSI, & YBEIHUSHUE
JUaMeTpa IsITHa yBeIM4YMBaeT riyOMHYy ciosl. PenrreHorpaduyecku u meramwiorpaduueckd pacmmdpoBanbl (Gas3bl u
CTPYKTYPHBIE COCTABJISIOLIME OOPUPOBAHHOIO cJiosi. Pe3ynbTaThl MCCIEAOBAaHUI MOTYT OBITh PACHpOCTPAHEHBI M Ha
JpyTHe JeTajH, I0/IBEPralolIiecss ”HTEHCHBHOMY M3HOCY.

KnioueBrble ci10Ba: nopuinegsie Konvyd, GOpUposanHslll Ciol, 21yOuHa, CmpyKkmypa, 1a3epHulii Hazpes

Problem formulation. One of the ways to  methods, but applying recent technologies. In
improve the performance properties of cast iron  sources [1-3] it is proposed to increase the dura-
piston rings that are subject to wear isboriding.  bility either by conventional boriding, or by laser
However, the use of traditional boridingmethods  treatment. However, there is no association of
associated with the diffusion of boron into the  these two processes.
solid phase leads to the formation of the active Implementation of such a process may be
layer exhibiting high friability. Therefore, the  carried out by determining the relationship be-
problem of developing a different method of  tween the parameters of laser heating and the
hardening the surface that would not result  depth of the borated layer.
inembrittlement is challenging. Implementation Goal. The objective of this work was to de-
of such a process may be carried out, using laser  termine the influence of laser-exposure parame-
heating withsurface layer melting. However, the  ters onthe depth of the borated layer, and to re-
use of such a method may be offered to be used  veal the characteristics of structure formation of
in production only after a detailed study of the  such layers.
relationship between the parameters of conduct- Materials and methods of research. The
ing the process and the depth of the layer, as well ~ material of study was high-strength cast iron
as the study of features of structure formation containing C = 3,47%, Si = 2,15%, Mn = 1.36%.
under specific conditions of laser boriding. The  After preliminary treatment it had a perlite-ferrite
properties of the product that the borated layer  structure (85-90% perlite). The spheroidal graph-
was deposited on depend on the depth of the lat- ite size corresponds to 3 points.
ter. The laser treatment was conducted using the

Analysis of publications shows that there  continuous CO2 laser. At constant irradiation
have not been developed any techniques of in-  ratethe speed of sample displacementvaried in
creasing the wear resistance of piston rings by  the range of 2-4 mm/s. The thickness of the bo-
boriding conducted without using traditional  ron wash was 0.15 mm and 0.30 mm. Condi-
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tional defocus (Fcond) allowed changing the di-
ameter of the spot of irradiation from 2 to 4 mm.
A mixture of amorphous boron with acetone and
zapon varnish was used as a wash.

The structure, the phase composition, the
depth of the borated layer was studied by optical-
microscopy, using conventional and staining
etching as well as X-ray analysis.

Research findings and on-judgment. By
etching with 4% solution of nitric acid, revealing
the structure of the entire layer, it was estab-
lished that the change in the structure of the
metal as a result of boron doping occurs only in
the reflow zone.Study of the profile of the reflow
zone band edge indicates that a deeper penetra-
tion of the metal matrix occursaroundgraphite
encrusting matter that stirs up waves around the
border.

Fig. 1 shows the dependence of the borated
layer depth on the speed of sample displacement
for two cases - at wash thickness 0.15 and 0.30
mm (curve 2 and 1 respectively).
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Fig. 1. Dependence of the borated layer depth on the
speed of sample displacement:

1 — thickness of wash 0.3 mm;

2 — Thickness of wash 0,15 mm.

The graph shows that with the increase in the
velocity of sample displacement the depth of the
borated layer decreases. Such a dependence is
observed both at 0.15 mm thickness of wash, and
at thickness of 0.30 mm. With all the speed of
sample displacement for the used boron contain-
ing wash with the specified thickness the grater
thickness of the borated layer and HAZcorre-
spond to a greater thickness of wash.

Fig. 2 shows a histogram of the borated layer
depth with wash thickness of 0.3 mm and the
speed of sample displacement 2 mm/s for the
spot diameter 2 and 4 mm, and Fig. 3 - the same
histogram in case of sample displacement speed
4 mm/sec.
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Fig. 2 Histogram of the borated layer depth with the
thickness of wash 0.3 mm and the speed of sample dis-
placement 2 mm/s for a different spot diameter size
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Fig. 3 Histogram of the borated layer depth with the
thickness of wash 0.3 mm and the speed of sample dis-
placement 4 mm/s for different spot diameter.

Fig. 3 Histogram of the borated layer depth
with the thickness of wash 0.3 mm and the speed
of sample displacement 4 mm/s for different spot
diameter.

From these histograms it follows that vary-
ing of conventionaldefocusing, resulting in the
change of irradiation spot diameter, leads to a
considerable change of the laser doping layer
depth. Thus, decrease of defocusing under oth-
erwise equal conditions, which results in the re-
duction of the spot diameter, causes a decrease in
the depth of laser irradiation.

It can be assumed that the obtained effect is
due to a significant increase insurface tempera-
ture that caused intense evaporation of the wash
layer and increase of energy input for evapora-
tion.

X-ray analysis showed that the borated layer
in ductile iron comprises such phases as FeB,
Fe2B, a-phase, boric carbide of iron Fe3 (B, C).

A comparison of the microscopic and X-ray
analysis with the phase diagram of Fe-B and Fe-
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Fe2B-Fe3C made it possible to reveal that these
phases at solidification of the melt can formdif-
ferent structural components throughout the vol-
ume of the melted layer: a mixture of peritectic
type (FeB + Fe2B), hypereutectic, eutectic and
hypoeutectic structures.

The differentiation of phases in different
structures was carried out bythe method of stain-
ing etching, by analysis ofthe primary crystals-
form.

Excess a-phase is formed from y-phase pri-
mary crystalsaccording tothe martensitic mecha-
nism. Boric carbide of iron Fe3 (B, C) and bor-
idesFeB, Fe2B differ metallografically-by the
form of excessive crystals and behavior at stain
etching.

The primary crystals of boric carbide of
ironpresent sheet-like formations - flatdendrites,
which are in sections perpendicular to the sur-
faceare revealed in the form of thin strips.

In accordance with the ternary diagram,boric
carbide of iron can be formed not only directly
by liquid solution crystallization, but also as a
result of peritectic transformation [2].

Structurally-free crystals of borides Fe2B are
observed in the form of rod-postglacial crystals
having a cross-sectional shape of squares, dia-
monds, triangles, i.e. all possible cross-sections
of the tetragonal prism.

Eutectic components of the structures in the
borated layer are characterized by a certain di-
versity of the structure and dispersion.

The eutectics in different layers and within a
layer is characterized both by different disper-
sion, and various quantitative relations between
the phases.

Comparison of the structures of layers with-
similar depths illustrates the effect of the wash
thickness on the structure. For example, the
three-zone layer with a predominance of eutectic
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and hypoeutectic structures can be a dual-zone
layer with hypereutectic and eutectic zones and
with domination of the first one when the wash
thickness ranges from 0.3 to 0.15 mm.

With increasing the speed of irradiation un-
der otherwise equal conditions of treatment the
layer depth is reduced, i. e. the volume of molten
metal bath reduces and consequently there in-
creases the amount of boron dissolved therein.
Thedata of X-ray and microscopic analyses re-
cord the changes in the layer composition. X-ray
diffraction is shown in the increasing intensity of
lines of boric carbide of ironwith an increasing
rate of irradiation, and microstructurally it is
shown in the increaseof the share of high-boron
structures.

Conclusions

1. It has been established that during laser
boriding with increase of the speed of sample
displacement the depth of the borated layer de-
creases.

2. The constructed histograms of the borated
layer depth indicate an increase in the latter with
enlargementof the irradiation spot diameter from
2 to 4 mm.

3. X-ray and metallographicmethodsmade it
possible to reveal the phases as well as the struc-
tural components of the borated layer.

4. The effect of the wash thickness on the
structure is established.

5. X-ray diffraction and micro-structural
analysis allowed revealing an association be-
tween the rate of irradiation and the proportion of
high boron structures in the layer.

6. The results of research can be recom-
mended for implementation in manufacture of
not only piston rings, but other machine parts
made of ductile iron that are subject to wear
while in operation.
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