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RESEARCH OF STEEL 45 STRUGGING INFLUENCE ON THE PARAMETERS OF
ADHESION COMMUNICATION WITH CHROME, CHROME-NICKEL STEEL

The results of the microstructure transformation research service steel 45 (fragments of the
cam camshaft cam) of the surface layers, which are subjected to modification by boring, are pre-
sented in the paper. The graphical dependences of the tangential strength and the coefficient of mole-
cular bond hardening on the contact pressure were obtained for tribological systems of materials
"12X2H4 - steel 45", "45XH2MFA - steel 45", "40X - steel 45" in the modeling of shear resistance-
friction machine 2 were received. The ambiguous effect of boring on the manifestation of the adhesion
bond parameters of the surfaces of the materials under consideration was revealed.

Keywords: microstructure; tangential strength, coefficient of hardening, adhesive bond; sur-
face; shear.

B pabomi naseoeni pesyrbmamu 00CnioxiceHHs mpanc@opmayii MiKpOCmpyKmypu noeepxme-
sux wapie excnayamayinnoi cmani 45 (ppacmenmu Kyrauka po3nooitbHo20 6axy 08U2YHa), sAKi 6yu
00pobneni memooom 6opysants 0isi MOOUQDIKY8aHHA nogepxHesoi cmpykmypu. Ompumani epadiuni
3ANEINCHOCMI MAH2EHYIATbHOT MiyHOCMI | KOepiyieHma sMIiyHEeHHS MOAEKYISAPHO2O 36 SI3KY Gi0 MUCKY 6
KoOHmaxkmi 05t mpubonociynux cucmem mamepuanie «12X2H4 - cmanv 45», «45XH2M®A - cmanv
45y, «40X - cmane 45» npu moodenrosanni ccyenozo cynpomugy na mawuni mepmsa CML]-2. Busgneno
HEOOHO3HAYHUL 87UE DOPYBAHHA HA NPOA6 NAPAMEMpI8 A02e3iliH020 36 A3KY NOBEPXHell BUSHAYEHUX
mamepianis.

Knroueei cnosa: mikpocmpykmypa, maneeHyiaibHa MiyHicmy, Koe@iyienm 3MiyHeHHs, adze-
SIUHUL 368 30K, HOBEPXHS, CCY8.

Formulation of the problem

The successful choice of the technique and methods of surface layer processing the machine
parts depends to a great extent on the efficiency of the end result — the wear resistance and durability
of unit operation, an assembly and a car as a whole. There are many methods of hardening the steel
parts surface [1—5]:

The contact interaction of the working surfaces of metals during the transfer and transforma-
tion of movements is carried out with friction losses, which are determined by the molecular and me-
chanical component, determining the parameters of the latter is an urgent scientific and applied task.
This is especially concerned surfaces that are modified by alloying elements whose percentage content
affects the thermodynamic potential of surface and surface layers. Thus, the expediency of using boron
to improve the mechanical properties of medium carbon structural steels has been identified in a num-
ber of previous studies.

Formulation of the study purpose

The purpose of this work is to determine the effect of surface boring of steel 45 on changing
the adhesive bond parameters 10 and B with chromium, chromium-nickel steels with variant hardness
of surface layers in shear resistance modeling, where in the first stage it is proposed to perform com-
parative studies without lubricants. However, information regarding the display of the parameters of
the friction molecular component is the shear strength of the adhesive bond 10 and the piezoelectric
coefficient  of the molecular component for tribological systems, such as "steel 45 + B% - 40X",
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"steel 45 + B% - 12X2H4", "steel 45 + B% - 45XH2M®A », is currently undefined. These parameters
characterize the adhesive properties of the materials. Moreover, since the application of surface tech-
nology of boron impregnation turns out the mechanical properties of steel 45 [6—38], the display of the
molecular component parameters both in terms of lubrication and without it, when contacted with the
surface layers of other metals with variant hardness will have different value. This is necessary, first of
all, for the predictive estimation of tribomechanical properties of tribal connections when applying
mathematical expressions, which establish the relationship between the friction coefficient and the
parameters of the contact microgeometry, the adhesive component, the hardness, the load at the devel-
opment of plastic, elastic, plastic-elastic deformation areas of friction interaction.
Main material presenting

Traditionally, the restoration of a worn surface geometry is restored by facing the layer of
metal on a pre-prepared surface. The main factor for surface restoration is the strength of the faced
surface of the deposited layer with the base material. Therefore, it is very important to fit the surfacing
material in such a way as to ensure a secure adhesion of the base material to the substrate, to avoid
chips and concentrations of thermal stresses in the transition zones, to have high physical and mechan-
ical characteristics, to be able to strengthen the processing. Figure 1 presents a graphical model of the
dependence of the part surface layer hardness from steel 45, depending on the technological hardening
processing methods, on which the dynamics and transformation of the microstructure can clearly ob-
serve It depends on the physical and mechanical properties of the workpiece working surface from
steel 45. To restore the cam working surface made of steel 45 OZSH-3 electrodes with the following
chemical composition (C — 0.4%; Mn — 0.5%; Si — 1.9%; Cr — 9.9%; S — 0.013%; P — 0.021%)
[8—11] are used. Fig. 1 shows photos of the microstructures of the corresponding zones of the cam
sector.

Fig. 1. Photographs of the cam sector microstructures (a. (820), b. (819), b. (818) mid), b
(813), b. (819) intersection, sublayer and extreme zone.

Thus, in the transition zone, the residual austenite is transformed into ferrite with the forma-
tion of two phases: ferrite particles (dark cascades) and the boron + carbon phase — boron carbide
(white inclusions) Fig. 1 c. (818) — fragment of the surface layer zone with increasing x1000 (819), b
(817), and (820) the general structure of the surface layer x1000 times.
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Fig. 1. Photos of the microstructure of the part surface layer of the cam sector from steel 45
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Research methodology

It is suggested to use samples of the following metals for research:

« steel 45 without treatment, NRC45;

* steel 45, surface modified with boron: — steel 45 + Vi%, NRC65.

In this case, to determine the parameters of friction interaction, a machine to test materials for
friction and wear model SMC-2 using samples is proposed:

— for steel 45 in the form of triangles with a cylindrical outer surface, 4 mm thick, which is
fixed in the mandrel and static;

— for other metals in the form of a disk with a diameter of 50 mm and a thickness of 12 mm,
which is fixed to the lower shaft of the machine and rotates.

The parameters of the molecular component are proposed to be determined in accordance with
the method of work on the adhesionometer OT-1 [12, 13], and on the device with the use of a spheri-
cal indenter [7], which provide for measurements of the friction torque Mt when the friction coupling
of spherical surfaces with planes is broken the surfaces of the samples (plates) and the radius (diame-
ter) of the imprint projection RO (d). However, the simulation of the friction coupling will be carried
out when the disk is displaced from the disc position relative to the triangle-shaped pads at appropriate
loads (Fig. 2a) with the use of the SMC-2 friction machine with the corresponding redesign of the
lower shaft drive. With:

3 5=317 MM

B

Fig. 2. Methodological support for measurement of displacement resistance during dis-
placement: a — contact of model samples: 1 — disk; 2 — a shoe; 3 — additional holder of the pad;
4 — screws securing the additional holder; 5 — details of mounting the disk; 6 — the lower shaft
of the friction machine SMC-2; b — angular loading drive of the lower shaft: 1 — the upper pul-
ley; 2 — the cargo lever; 3 — limiter of movement of the lever of cargoes; 4 — the lower pulley;
5 — cargo; C — fingerprints, N = 280H: 1 — booth with boron carbide; 2,3 — perimeters of the
calculated planes
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— the maximum moment of displacement will be determined by the recorder on the field of the
scale tape at a fixed rotation on the angle o under the specified load of the lower shaft (Fig. 2 b). The
weight of the load will determine the shear rate;

— the area of interaction of the friction surfaces will be determined by the imprint on graph pa-
per (Fig. 3).
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Fig. 3. Dependence of the tangential strength of adhesive bonding of non-drilled steel 45 on
the pressure at a shear rate of 10.16 = 0.8 mm / s: 1 — 12X2H4; 2 — 40X; 3 — 45HN2MFA; 4 —
backward extrapolation points
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Fig. 4. Dependence of the tangential strength of the adhesive bond of the bored steel 45 on the
pressure at a shear rate of 10.16 = 0.8 mm / s: 1,2,3 — (boron): 12X2H4; 45XN2MFA; 40X; 4,5,6 —
(boron carbide): 40X; 12X2H4; 45XN2MFA; 7 — points of inverse extrapolation
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Fig. 5. Dependence of the tangential strength of the adhesive bond of the stainless steel 45 on
the pressure at a shear rate of 5.08 + 0.6 mm / s: 1,2,3 — (boron): 12X2H4; 45XN2MFA; 40X; 4,5,6
— (boron carbide): 40X; 12X2H4; 45XN2MFA; 7 — points of inverse extrapolation

The review of the results indicates the following

Boring has a significant effect on changing the parameters of the adhesive bond. The parame-
ter 70 had only the tribological system of materials "45XH2M®A - steel 45", with the exception of the
mode of interaction at a shear rate of 5.08 + 0.6 mm/s.

For other tribological systems of materials, the parameter of occured only with increasing
pressure in the contacts to the corresponding values, which also differ from both the modification cha-
racteristics and the hardness of the contacting surfaces. Thus, for tribological systems of materials
"12X2H4 - steel 45" and "45XH2M®A - steel 45" boring shifts the pressure values at which the adhe-
sive bond (1> 0) begins to show toward larger values (Tabl. 1), while in the tribological system "40X -
steel 45" on the contrary — towards smaller values except the shear rate of 5.08 £ 0.6 mm/s. The
above mentioned indicates that there are modes of contact interaction in which during the calculating
it is not advisable. to take into account its molecular component, for example, the coefficient of
friction.

The proposed scheme of friction "disk — shoe" firstly is due to the appropriateness of boring
the subject structural elements, in this case, they are the segments of the camshafts of the internal
combustion engine, and secondly by the simplification of the reproduction of displacement when using
the typical test equipment.

The measurements in the following sequence were performed. The disks of the corresponding
materials were fixed to the lower shaft of the friction machine. The shoes were placed in an additional
holder, fixed with screws in a regular holder, which is fixed to the upper shaft of the friction machine.
Further, the pad was pressed against the disk with the appropriate force by a friction machine load
screw. The loads were mattered as 140N, 185H, 230H; 280H. In the following, the disk was displaced
by the loads 5 (Fig. 2b) and rotated to a fixed angle a. Time spent on angular displacement determined
the shear rate — t1 = 0.43 s t2 = 1 s. The average linear displacement of the disk was | = 4.5 mm. At
the same time, the recorder on the tribogram recorded the temporary resistance to shift by deviation
from zero. The friction moment was determined by the mean statistical with the corresponding disper-
sions by the number of experiments (n = 8) at two shear rates: vl = 10.16 £ 0.8 mm /s, v2 =5.08 £ 0.6
mm / s. The average statistical variance T was D, = 0.5 MPa, D,,,x = 1.13 MPa.

The adhesive bond shear strength (molecular bond shear resistance) — the tangential strength
T was determined in accordance with the expression:
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M
r=—7, (1)
v Sb
where M,, is the moment of shear friction, N'm; r is the radius of the disk, m; S; is the area of the im-
print, mm®.

Results of the studies and their discussion
A graphical approximation of the averaged data in the form of linear dependencies with in-
verse extrapolation of the shear resistance to displacement is shown in Fig. 3—35.
In this case, the parameters of the trend lines in Excel program determine their equations and
the reliability of the approximation of R2, the results are shown in tabl. 1.

Table 1. Parameters of approximation of experimental data for tribological system of materials
"12X2H4 - steel 45"

Parameter Steel 45 Steel 45 Steel 45
without boring with boron with boron carbide
Kind of equation r=0,36p—13,44 7=0,19p-10,44 7=0,33p-32,05
7=0,2p—5,46 7=0,37p—-33,73
The accuracy of the ap- 0,98 0,96 0,88
proximation R’ 0,99 0,95
Piezo coefficient S 0,36 0,19 0,33
0,2 0,37
Tangential strength >0 in p=37 MIlla >0 in p=55 MIla >0 in p=97 MIla
79, MIla >0 in p=27 MIla >0 in p=91 MIla

Note. The upper line at shear rate vl = 10.16 £+ 0.8 mm/s, the lower line at v2 = 5.08 £ 0.6 mm/s.

There is no obvious general mechanism between the tendency of increasing the hardness of
chromium, chromium-nickel steel and the coefficient of molecular bond f to the steel surface 45 when
it is modified, since the increased hardness from 15HRC to 45 HRC:

— boring causes the storage of a minimum of £ (0.36; 0.11; 0.28 without treatment) and (0.19;
0.05; 0.23);

— boron carbide causes a decrease in 5 (0.33 — without treatment; 0.24; 0.11).

Within one tribological system of materials, the maximal values of f are observed in the fric-
tion connection with the material of less rigidity — the system "12X2H4 - steel 45", and the modifica-
tion of steel 45 leads to its decrease. This also occurs in the tribological system "40X - steel 45" where
40X steel has the maximal hardness. At the same time, at a hardness of 22HRC (intermediate value)
for the system "45XH2M®A - steel 45", the values of § are generally the lowest. It is also noted that
boron boron and carbide in all cases reduces the value of B with the exception of the system
"45HN2MFA - steel 45", in which it increases.

Also, there was an ambiguous effect of the shear rate on the manifestation of the adhesion pa-
rameters. Thus, for the tribological system "12X2H4 - steel 45" and "40X - steel 45", when the shear
rate was reduced by almost 2 times, the value of B did not change significantly, however, as in the sys-
tem "45XH2M®A - steel 45" it increased in 2.8 times when saturated with boron, and boron carbide is
in 1.58 times. In regard to pressures at which 7 > 0, they are essentially:

— decrease when boron saturated in 2.46 times for the system "40X - steel 45", 2 times for
"12X2H4 - steel 45";

— increase when boron saturated with carbide in 1.9 times for "40X - steel 45".

Conclusions

Introduced approaches to modeling the shear resistance under changes in normal loads and ve-
locity of movement have been proposed, which made it possible to determine the nature of the effect
of boring on the manifestation of the adhesion properties of the proposed materials. It is established
that only 45XH2M®A steel according to the conditions and modes of force, kinematic loading indi-
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cates the presence of a parameter of tangential strength 10 from steel 45, in other experimental tribo-
logical systems of materials preliminary compressive efforts are required.

It is determined that in order to further reveal the mechanisms of adhesion bond formation, it
is necessary to establish and take into account the topographies of the microhardness of the phase
components of the contact interaction zones.
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JOCJILIKEHHS HA 3HOCOCTIMKICTh IOBEPXHEBOI'O IIIAPY KYJIAYKA
PO3MOALIBHOI'O BAJIY JIBUT'YHA I3 CTAJII 45 IICJISA 3MIITHIOIOYO1
OBPOBKHA

Yepuera O.I'., Kyonu B.1., lllep6ina M.A., ABepbsinoB B.C., llImaTko /1.3.

Pedepar
KonTakTHa B3aemois poO0oYMX MOBEPXOHb METANiB MpPH 3IHCHEHI Iepenavi Ta MepeTBOPEHHS

PYXiB 3IIHCHIOETLCS 3 BTpaTaMU Ha TEPTSI, SIKi BU3HAYAIOTHCS MOJICKYJIIPHOIO Ta MEXaHIYHOIO CKIIaI0-
Bo0. Lle cTocyeThes i MOBEPXOHb, sIKi MOAM(DIKOBAHI JIETYIOUMMHU €JIEMEHTaMH, MPOLEHTHIN BMICT
SKUX BIUIMBA€ Ha TEPMOJMHAMIYHHUII MOTEHIia]d MOBEPXHEBHX Ta MpPH IOBEPXHEBUX IIapiB. BusHa-
YeHHS BIUTMBY ITOBEPXHEBOT0 OOpYBaHHS CTalli 45 Ha 3MiHY IMapaMeTpiB aATe3iitHOTo 3B 3Ky 7y Ta [ 3
XpOMO, XpOMO-HIKEIEBUMH CTAISIMH 3 BapiaHTHOIO TBEPAICTIO TIOBEPXHEBUX LIAPIiB IPU MOJCITIOBaHHI
3CYBHOT'O OTIOpY, JIe Ha TEPIIOMY €Talli IPOIOHYEThCS MMPOBEACHHS MOPIBHAJIBHOTO AOCIiIKEHHS 0e3
MacTHIBHUX MarepiainiB. [Ipm 3acTocyBaHHI TEXHOIOTIi MOBEPXHEBOTO HaciueHHS OOPOM BHXOJIUTH,
IO BapiaHTHICTh MEXaHIYHUX BIACTHUBOCTEU cTami 45 i MposiB mapaMeTpiB MOJEKYJSIPHOI CKIaJ0BOT
SIK B YMOBaxX MaIlleHHs, TaK i 0e3 HbOTO MpU KOHTAKTHOI B3a€EMOJIi 3 MOBEPXHEBUMH IIApaMH 1HIIUX
METalliB 3 BapiaHTHOI TBEPIICTIO Oyae MaT pi3Hi 3HaueHHH. J{ns BimHOBIEHHS poOOUYOi MOBEPXHI
KyJadkiB ¢ craii 45 BukopuctoByBanu enekrponu O3II-3 3 HacTymHuM XiMidauM ckmagom (C —
0,4%; Mn — 0.5%; Si — 1.9%; Cr —9.9%; S — 0.013%; P — 0.021%). B nepexiaHiii 30Hi 3aJHIIKO-
BUH ayCTEHIT TPAaHCPOPMYEThCS y (DEPHUT 3 YTBOPEHHAM IBOX (a3: yacTok ¢epuTy (TeMHI Kackaau) i
(hazm «Oop + Byriemsy — kapoix 6opy (Oimi BkparuieHHs). [lapamMeTpn MOJEKyISIpHOI CKIAI0BOI 3a-
NPOTIOHOBAHO BHU3HAYATH Yy BIAMOBITHOCTI 3 METOIMKOI poOoTH Ha anreziomerpi OT-1 ta Ha mpu-
CTpOI i3 3aCTOCYBaHHSIM CEPUUHOTO iHAEHTOPA, AKi epeadadatoTb BUMipU MOMEHTY TepTsI M, .

MoMeHT TepTs BU3HAYABCSA CEpeAHIM CTATUCTHYHUM 3 BiJIOBITHUMH AUCIIEPCIsIMH 32 KiJIbKi-
CTIO TOCIIIB (n=8) TPy ABOX MIBUIAKOCTIX 3CyBY: ;= 10,16 + 0,8 Mmm/c, v,= 5,08 = 0,6 mm/c. Cepen-
HSl CTATUCTHYHA JUCTepcis T Mana 3HadeHHS Dp;,= 0,5 MIla, Dy = 1,13 MITa.

BopyBaHHs CyTT€BO BIUIMBA€ Ha 3MiHYy IapaMeTpiB aaresiiiHoro 3B’s3Ky. Ilapamerp 7) mMana
TUTBKH TpUOOJIOTIgHA cucTeMa MatepiamB «45XH2M®A — crans 45y, 32 BUKITIOUCHHSIM PEKUMY B3a-
€MOJIIT TIPH IMBUIKOCTI 3¢yBY 5,08 + 0,6 Mmm/c.

Jnst iHIMX TpUOOJIOTIYHUX CHCTEM MaTepialiB MmapaMeTp 7y MaB MiCLe TUTBKH NpHU 30UIbIICH]
THCKY Y KOHTaKTH JI0 BiATIOBIMHUX 3HAYEHB, SKiI TAKOXK BiAPI3HIIOTHCS K BiJl XapaKTEPUCTUK MOTU(I-
KyBaHHS, TaK 1 BiJl TBEpIOCTI KOHTAKTYIOYHX ITOBEPXOHb.

Tako, BCTAHOBIIEHO HEOAHO3HAYHHI BIUIMB HIBHIKOCTI 3CYyBY Ha MPOSB MapaMeTpiB aare3ii-
HOTO 3B’s13Ky. Tak mns Tpubomnoriyaoi cuctemu «12X2H4 - crans 45» Ta «40X - cramps 45» npu 3Me-
HITICH] IBHAKOCTI 3CYBY Maiike B 2 pa3u 3HA4YCHHS [ CYTTEBO HE 3MIHIOBAJIOCH, IIPOTE K Y CHUCTEMI
«45XH2M®A — cranb 45» 301bl1yBaock Mpu HacuueHi 0opom B 2,8 pasu, a kapOigom copy B 1,58
pa3u. CTOCOBHO THUCKIiB, IpH SIKUX 7> (0, TO BOHU CYTTEBO: - 3MCHIIYIOTHCSI TP Hacu4eHi 60poMm B
2,46 pa3u st cuctemu «40X — ctanb 45», B 2 pa3u mist «12X2H4 - crans 45%»; - 30UTBITYIOTRCS TTPH
HacuueHi kapOizoM 6opa B 1,9 pasu mans «40X - cranb 45».
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