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In the article the cladded surface on the 42Cr4 steel under high frequency magnetic field
were remelted and modified via TIG (Tungsten-Inert-Gas) welding and the tribological
proporties of the specimens were analysed after experimenting at the tribosystem — “ball on disc”
with paraffin and on the basis of the tribological, physical — mechanical properties the friction
coefficient and wear resistnace of them were evaluated. The productivity and quality of the
surface via the application of the additional magnetic field to the remelting process have been
increased, because of the additional magnetic field in the weld pool. Under the influence of the
magnetic field the molten material is rotated and the additional induced temperature increases the
melting velocity. The magnetic rotation mix of alloys and gives to the surface high homogeneity.

It has been found that via the plasma treatment of the surface under high frequency magnetic
field the mechanical and tribological properties of the specimens have been improved. The new
technology can be applied to the researching and treating of the materials in high frequency magnetic
field to increase the quality and efficiency of the processes, So that the methods can be applied for
increasing the Hertzian contact pressure, their tribological properties and repairing of the parts.
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Introduction. In order to eliminate the adverse effects caused by the wear processes, costs during
the operation of the machine are often higher than their production costs. Reducing the amount of such
costs is a key issue facing the tribologists. First and foremost, specialists work to find a solution to the
problem by selecting the material during the design period. If this is not possible, the surfaces can be
modified by mechanical, thermal, chemical, chemical-thermal and so on methods and their tribological
characteristics can be enhanced. The technology of surface modification is the more expensive in eco-
nomic terms, although it is the highest in terms of quality [1-7].

Usually, the wanted characteristics for the surface of the materials is high strength, hardness, fatigue
and corrosion resistance, cracking resistance and so on. At the same time, the core of the parts should have
a high plasticity and impact strength. This is only achieved by the processing of the surface layer. In the
process of surface treatment, in many cases, its hardness is enhanced without creating stratification on the
surface. Therefore, this surface layer has good friction and has a high friction strength compared to other
methods [8—13]. Thus, the friction, wear, reliability and durability of machine parts under stress depend
essentially on the structure and properties of the surface layers. For this reason, nowadays the surfaces of
moving parts are required to have high wear resistance. Despite the fact that many studies have been car-
ried out on the acquisition of wear-resistant layers on the surface of tribological couples, there are numer-
ous uncertainties about the practical potential and places of a specific problem [2, 13-16].

1. Materials. The surface of the base material from the 42Cr4 steel were cladded with the elec-
trodes given in the Table 1 [17] and in order to increase the physic-mechanical and tribological proper-
ties of the layers made by processing by using electrodes, they are further modified by processing with
the TIG method in the high frequency magnetic field.

2. Equipment. The TTH15 branded induction device with a 15kW capacity for heating or melting
with a high-frequency current was utilized. A TIG200AC / DC welding apparatus that uses 200 amperes
of electric current was utilized for plasma surface processing. The energy given to the material in the
transmission of the high-frequency current is shown by percentages. The induction current frequency
can be increased up to 450 kHz.

BecTHuk IOYpIY. Cepus «MawunHocTpoeHuey. 33
2021. T. 21, Ne 2. C. 33-40



TexHonorusa

Table 1
Types, chemical components and the oretical hardness of the applied electrods to the cladding operations
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The average frequency of the induction current and the range of power at the main material in the
high frequency magnetic field was changed by 200 kHz and 25—-100% respectively, and magnetic com-
pression of the liquid metal was observed. In order to ensure the stability of the molten material, the in-
tensity of the current was 140 Amp when the TIG was applied for melting the material and during high
frequency current application, the current intensity was determined to be 90A, and the power of the in-
duction device was 25%. The diameter of the tungsten electrode was 2.4 mm in all experiments, depend-
ing on its loading.

3. Test programme. Samples that will be studied in terms of tribological characteristics, some of
their physical and mechanical properties, experimental conditions and parameters to be investigated are
shown in Table 2.

Table 2
Some physico — mechanical and tribological parameters of the objects and parameters to be studied
Research objects Types and parameters
Ball Steel 100Cr6, Rz = 250 nm, hardness 1028 HV, R =5 mm
% Base material 42Cr4
=
<
& | Modified surface T590, UTP Ledurit 65, UTP DUR 600, UTP 7100

Tribolojical parameters

Type of friction Friction with paraffine during oscillatory motion
Ambiant Air

Namber of osillation 100.000

Osillation frequence 20 Hs

Normal force 20 Newton

Amplitude of osillation 0.40 mm

Avarage air humidity 50%

Avarage air temperature 24°C

Type of lubricant Paraphin

Friction coefficient; wear coefficient; volumetric wear; wear trace
and profile; linear wear.

Researched parameters

The specimens were the cladded and remelted surfaces via MMA and TiG welding respectively.
The contour part was the ball from the 100Cr6 steel. The value of the friction force and linear wear have
been measured by the horizontal and vertical electric sensors, which are fixed on the weakened cross
section of the ball holder and frame of the machine, respectively [18—20].
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Before the experiments, the surface of the samples is polished up to the range of 3 microns, washed
with alcohol and a very thin layer of paraffin is applied to the surface after drying.

4. Results and discussion. Hardness.The hardness values for the 42Cr4 and cladded material after
remelting and modification process on it is presented graphically in Fig. 1. According to the figure,
mainly due to the modification of different coatings in the high frequency magnetic field by using TIG,
their hardness values have increased up to 20HRC. Increased hardness can be explained by the favour-
able conditions (the high content of carbide-forming elements, magnetic pressure and temperature) for
the formation of chromium carbides in the molten material by using the high frequency magnetic field.
Increased hardness values depend also on the amount of carbide contained in the material and its size as
well. Increasing the hardness and modulus of elasticity, which allows the microstructures of the samples
to be improved in terms of tribological properties and contact stress, but it does not guarantee the wear
resistance. The complexity of the factors affecting the surface during the friction process requires addi-
tional tribological experiments.
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Fig. 1. Hardness of the 42Cr4 steel and cladded surface layer on it after remelting and modification processes

Tribological Quantities. The traces of the wear, their trajectory (profiles) and the values of the fric-
tion coefficient on the surfaces of the materials which were modified in the high frequency magnetic
field are shown in Fig. 2 and Fig. 3 respectively.

As can be seen from Fig. 1, compared with other samples, the larger wear area of the samples graded
42Cr4 and UTP DUR 600, which were molten onto the surface of the 42Cr4 material and modified under
the high frequency magnetic field were noticed. The cause of the wear is due to higher value of the friction
coefficient and lower value of the hardness depicted in Fig. 3 and Fig. 1, respectively. In the above men-
tioned examples, the friction coefficient is not only high, but also showed variable values during the ex-
periment period, Fig. 3. The higher value friction coefficient of the 42Cr4 material and its gradual increase
can be related to its plastic deformation. Plastic deformations on the surface cause it to become hardened,
yielded and suddenly broken, which in turn creates fluctuations in the values of the friction coefficient.
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Fig. 2. Wear profile and trace (track) on the surface of the different specimens,
modified via TIG under high frequency magnetic field
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Fig. 3. Friction coefficient of the different specimens, modified via TIG under high
frequency magnetic field versus rotation frequency

In the sample graded as UTP DUR 600, the wear has adhesive nature and the adhesion that occurs
creates oscillations in the friction coefficient (Table 3, 20pkm® adhesion). It should be noted that UTP
Ledurit 65 has also an adhesion-coated couple, which results in an additional coating on the surface of
the sample.

The average friction coefficient of the 42Cr4 steel and the UTP DUR 600 coating of 9% chromium
(Table 1) is higher than that of other coatings (Fig. 4). The higher friction coefficient in the 42Cr4 mate-
rial indicates also the adhesion of the ball to the sample. Since, the ball penetrate into a softer 42Cr4 ma-
terial, adheres and there is no relative displacement between the pairs. The average value of the friction
coefficients of T590, UTP Ledurit 65 and UTP7100 coatings is almost identical.
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Fig. 4. Avarage friction coefficient of the different specimens,
modified via TIG under high frequency magnetic field
Table 3
Areal wear of the surface of the different specimens,
cladded and modified via TIG under high frequency magnetic field
Areal wear- Wq [pkm?]
42Cr4 T590M UTPLedurit65M UTP Dur 600 UTP7100M
8609 8 0.1 275 20
(89 adhesion) (54 adhesion) (20 adhesion)
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The wearing volumes of the various coatings modified in the high-frequency magnetic field are pre-
sented in Fig. 5 relative to the known correlations the similar values of the ball and the samples. Accord-
ing to the chart, almost the largest amount of wear occurs to the 42Cr4, which is the base material. This
material is softer in comparison with other materials, and wear occurs due to plastic deformation caused
by the penetration of the ball onto its surface under the 2 kg loading (Table 2).
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Fig. 5. Volume tricwear of the different specimens with paraffine,
cladded and modified via TIG under high frequency magnetic field

The next wear scale refers to the UTP DUR 600 coating that can be correlated with either a high
friction coefficient between the sample and the ball or due to the adhesion rate (Table 3). The minimum
amount of wear is in the UTP Ledurit 65 coating. In spite of the fact that the surface of the sample itself
is not worn too much, the adhesive wear of the ball has been worn during application and the worn ma-
terial is adhered to the surface of the sample.

Conclusions.The article describes the mechanical and tribological parameters of the cladded and
modified layer on the steel 42Cr4 by TIG method in the high frequency magnetic field compared to the
base material 42Cr4 steel. The tribological properties of the achieved surfaces on the base of the applied
technology were studied at the tribological machine — “ball on disc” at the same conditions and the
results of tribological experiments and hardness of specimens were evaluated comparatively.

It was determined that after the modifying of the cladded surface on the 42Cr4 steel by TIG
processing in the high-frequency magnetic field, the hardness and the wear resistance in wet friction
environment with paraffine have been increased. These effects can be explained with the incresing value
of the Hertzian contact pressure of the surface and having efficient tribological structure of the material.

Based on improved wear resistance and hardness, the proposed technology can be used both in
production and repair processes to increase the contact pressure of the surface layer, to overcome surface
defects by reducing the geometric defects via TIG method, and increase the physico-mechanical and
tribological properties of parts.

Acknowledgenets.The welding processes and the tribological experiments have been carried out at
the Berlin Technical University and at the BAM (Federal Institute for Materials Research), respectively.

Special thanks to professor Lutz Dorn, Dr.-Ing., Rolf Waesche and Mrs. Ch. Neumann for the support
during experiments.

References
1. Shirzadov F.M. Osnovy tribologii. Uchebnoye posobiye (na azerb yazyke) [Basics of tribology.
Study guide (in Azerb)] .BIU, 2018. 272 p.
2. Shirzadov F.M. Erhohung der VerschleiBbestindigkeit von Ventiltrieb-Werkstoffpaarungen
mittels unterschiedlicher Randschicht-modifikationen. Dissertation, Berlin, 2012. 178 p.

BecTHuk OYpIl'Y. Cepusi «MawmHocTpoeHue». 37
2021.T. 21, Ne 2. C. 33-40



TexHonorusa

3. Lyakhovich L.S., Isakov S.A., Kartoshkin V.M. et al. [Laser Alloying]. Metallurgy and heat
treatment of metals. Moscow, 1987, no. 3, pp. 14—-19. (in Russ.)

4. Sadikhov A.l. Tekhnologicheskiye osnovy povysheniya iznosostoykosti pretsizionnykh par v
mashinostroyenii metodom naneseniya plazmenykh i diffuzionnykh pokrytiy: doktorskaya dissertatsiya
po tekhnicheskim naukam [Technological foundations for increasing the wear resistance of precision
pairs in mechanical engineering by the method of applying plasma and diffusion coatings: doctoral
dissertation in technical sciences]. Baki, 2008. 250 p.

5. Kuhn M., Hammerl C. Diamantdhnliche Kohlenstoff-Schichten fiir tribologische Anwendungen.
Deutschland: Oberflaeschentechnik, 2001, Band 61, pp. 121-127.

6. Heck K. Einfluss der Prozessfithrung beim Umschmelzhdrten auf die Randschichteigenschaften
von Nockenwellen aus ledeburitischem Gusseisen. Diss. fir Dr.-Ing. Miinchen, 1983,173 p.

7. Kirschner J. Tribologische und kinematische Untersuchungen an einem Nocken — RollenstoBel —
Trieb. Diss. fiir Dr.-Ing. Karlsruhe, 1988, 285 p.

8. Czichos H., Habig K.-H. Tribologie. Berlin, Handbuch, 2010. 757 p.

9. Pigors O. Werkstoffe in der Tribotechnik. Reibung, Schmierung und Verschleilbestdndigkeit von
Werkstoffen und Bauteilen. Leipzig, Stuttgart, 1993. 546 p.

10. Brand J, Beckmann C, Miinnich T, Filfil T. Tribologische Optimierung von Ventiltrieben durch
Beschichtungstechnik. Tribologie Schmierungstechnik, 2001, vol. 48, pp. 22-26.

11. Glaeser W.A. Materials for Tribology. Elsevier science publishers, 1992. 259 p.

12. Kuhn M., Hammerl C. Diamantidhnliche Kohlenstoff-Schichten fiir tribologische Anwendungen.
Diinne Schichten, 2009, Jahrg. 63, 4, pp. 30-31.

13. Musayev Y.B. Verbesserung der tribologishen Eigenschaften von Stahl/Stahl-Gleitpaarungen
fiir Prézisionsbauteile durch Diffusionsmetallisieren im Vakuum. Diss. Universitit Erlangen —
Niirnberg, 2001. 180 p.

14. Holland J. Degenhardt Ch. Untersuchung des Temperaturverhaltenes von Nockentrieben. MTZ,
1988, 49(10), pp. 391-395.

15. Willermet P.A. The composition of lubricant — derived surface layers formed in a lubricated
cam/tappet contact 1. Effects of adding overbased detergent and dispersant to a simple ZDTP solution.
Tribology International, 1995, 28(3), pp. 163—165.

16. Vlotho H.U. Zur Reibung von Nockentricben mit Flachstoeln. Konstruktionstechnik.
Diisseldorf: VDI-Verlag GmbH, 1985. 134 p.

17. UTP Stabelektroden, Massivdrahte und -stdbe, Fiilldrahte, UP-Drihte und UPPulver, Lote und
Flussmittel, Metallpulver. Schweillzusatzwerkstoffe fiir Unterhalt, Reparatur und Fertigung, UTP
Schweifimaterial GmbH, 2004, 465 p.

18. Springborn U, Wiésche R. Kohlenstoffnitrid-Schichten fiir industrielle Bauteil- und
Werkzeuganwendungen, Aktenzeichen, 14751N, Abschlus-sbericht, Berlin, 2009, p. §9.

19. Waesche R. Grundlagen der Schwingungsverschleipriifung. TAE Esslingen + GfT: Seminar:
Reibung und Verschleill von Werkstoffen, Bauteilen und Konstruktion, 2008, p. 231.

20. Waesche R., Yarim R., Dieter K., Manfred H. Oscillating Sliding Wear Behaviour of SiC, TiC,
TiB2, 59SiC-41TiB2 and 52SiC-24TiC-24TiB2 Materials up to 750 °C in Air. Lubrication Engineering,
2006, vol. 12, iss. 2, pp. 99-111.

Received 7 May 2021

38 Bulletin of the South Ural State University. Ser. Mechanical Engineering Industry.
2021, vol. 21, no. 2, pp. 33-40



Llup3zadoe ®.M., UccnedoesaHue mpubonozuyeckux ceolicme
Hadawos P.E. mModughuyuposaHHbIX NogepxHocmel, 06pabomaHHbIX...

YOK 621.43.038.6:669.268 DOI: 10.14529/engin210204

WCCNEQOBAHUE TPMBOJIOTMYECKUX CBOUCTB
MOONOULIMPOBAHHBLIX MOBEPXHOCTEW, OBPABOTAHHbIX
C NOMOLLbIO NEPEMNNABKM NOQ OEUCTBUEM
BbICOKOYACTOTHOIO MArHUTHOI O NOJA

®.M. lup3adoe’, P.E. [ladawoe?

'BakuHckull uHxeHepHbIll yHusepcumem, 2. baky, Pecry6nuka AsepbatioxaH
2 A3epbatidxkaHcKull mexHuyeckull yHusepcumem, 2. baky, Pecry6nuka A3ep6alidxaH

OmHO# U3 MIABHBIX 33[1a4 TEXHOJOTHH MAIIMHOCTPOCHUS SABJISACTCSA HENMPEPHIBHOE MOBHIIIIC-
HHUE KauecTBa MOBEPXHOCTHOrO CJIOs JAeTalel MAIlldH B IEJAX YAYUIICHHS MX 3KCILIyaTalliOH-
HBIX XapaKTePHUCTHK. B kauecTBe MOJOOHBIX XapaKTEPUCTHK MOT'YT ObITh (PU3MKO-MEXaHHYCCKHE
1 TpHOOJIOrMYECKHE CBOMCTBA. B cTaThe HaIUIaBJICHHAS MOBEPXHOCTH Ha cTanu 42Cr4 mon neii-
CTBHEM BBICOKOYACTOTHOI'O MAarHUTHOIO IOJIs OblIa TIepeIIaBicHa U MOTU(BHUIIMPOBAHA C IOMO-
mipto ceapku TIG (aproHomyroBasi cBapka), a TPHOOJIIOTHYECKHE CBOWCTBA 00pa3IoB OBUIN ITPO-
AHAJIM3MPOBAHBI TTOCC YKCICPUMEHTOB Ha TPUOOCHUCTEME — «IIap Ha JUCKE» C MPUMEHCHHEM
napauHOB U Ha OCHOBAaHUM TPUOOTOIMYSCKHX M (DPU3UKO-MEXAaHHMUYCCKHX CBOMCTB OLICHEH HX
K03(p(PpHUIMEHT TPEHUS U U3HOCOCTOMKOCTb. 3a CUET NMPHIOKEHHS TOMOJHUTEIHPHOIO MATHUTHOTO
OIS K MPOIIECCY TeperuiaBa ObUIN CYIIECTBEHHO YBEJTMUYEHbI POU3BOJUTEILHOCTD Tpolecca U
Ka4eCcTBO IOBEPXHOCTH HM3-3a HAJIWYMS JIOMOJTHHUTEIBHOTO MCTOYHMKA MArHUTHOTO IOJIS B CBa-
pouHoii BanHe. 1o JeiicTBHEM BBICOKOYACTOTHOTO MAarHUTHOI'O IMOJIS pacIIaBICHHBIN MaTepu-
aJl BpallaeTcsl, ¥ JTOTOIHUTEIbHAS HHIYITUPOBAHHAS TEMIICpATypa YBEIMYMBACT CKOPOCTh ILJIaB-
JieHus. BpaiieHue B 3JI€KTPOMArHUTHOM I0JIE CMEIIMBACT CIUIABBI U MPUIAET TOBEPXHOCTU BbI-
COKYIO OHOPOIHOCTh. Takum 00pa3oM, yIajaoch IOCTHYb KEJTAeMBIX CBOWCTB HCCIIEAYyEeMOU
MTOBEPXHOCTH.

B pe3ynbrare npoBeeHHBIX HCCIENOBaHUI OBLIO OOHApY)KEHO, YTO 3a CUET IIa3MEHHOU
00pabOTKK TTOBEPXHOCTH B BBICOKOYACTOTHOM MArHHTHOM IIOJIC YJIYUIIAFOTCA MEXaHHYCCKUE U
TpuOOJIOrHYecKre CBOWCTBa 00pa3uoB. HoBas pa3paOoTaHHass TEXHOJOTHWsSI JIETUPOBAHHS IIO-
BEPXHOCTHOI'O CJIOSI 00pa3lloB MOXKET OBITh MPUMEHEHA JUTS UCCIICAOBAHUS U 00pabOTKHM Mate-
pHAJIOB B BBICOKOYACTOTHOM MATHUTHOM IIOJI€ JIJIS IOBBIIICHHS KadecTBa U 3(G(EKTHBHOCTH
MIPOIIECCOB, TaK YTO METOIBI MOT'YT OBITH MPUMEHEHBI TS YBEIWYCHUS KOHTAKTHOTO JAaBJICHUS
I'epua, TpuboIOrNUYECKUX CBOMCTB 0OPA3IOB U PEMOHTA JIeTalIeH.

Kmiouesvie cnosa: nepennasxa, mpubonoeus, TIG (apeonodyeosas ceapxa), no8epxHOCMHbIL
C101, U3HOC.
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