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Abstract. The purpose of the study is to scientifically substantiate the choice of optimal technological modes of hard-
facing of parts during restoration in order to ensure high performance of the operational stability of the deposited
coatings. Mathematical dependencies have been obtained that make it possible to evaluate the effect of electric
current strength, voltage and feed rate on the hardness and wear resistance of the deposited layer. The hardness and
wear resistance of semi-automatic hardfacing with SV-08G2S wire in various technological modes are determined.
The dependences of the coefficient of friction on the distance of passage of the counter body are established. For
semi-automatic hardfacing with low-alloy wire, it was found that the optimal technological modes are: hardfacing
speed — from 2 m/min, voltage — 135 V, amperage — 17.5 A. In this case, the hardness reaches a maximum value of

25.6 HRC, and the wear coefficient is 0.57.
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Introduction

Studying the work of repair enterprises of the
Karaganda region, it was found that most often the
shafts of dynamic equipment of complex geometry
with various types of defects after operation are sub-
ject to repair [1, 2]. Such defects include wear of seat-
ing surfaces, corrosion, cracks, chips, burrs, notches
[3, 4]. Defects exceeding wear of 5% of the shaft diam-
eter are subject to restoration by hardfacing. Hard-
facing is a method that allows, during repair, to give
not only the original geometry, but also increased,
improved mechanical properties compared to the
base metal [5]. In addition, the deposited surfaces are
characterized by high resistance to abrasive wear in
the presence of impact loads, corrosion and oxidation
at normal and elevated temperatures.

The most economical method of hardfacing is
semi-automatic in shielding gases, so it is most often
used in the restoration of parts [6]. In addition to be-
ing economical, this surfacing method provides high
adhesion between the base and weld metal.

It is known that deposited coatings have high
technological properties, can provide the specified
requirements for operational properties [7], due to
the correct choice of electrodes, welding wires and

[ 52 | powders for wear-resistant surfacing, appropriate

grades, alloying fluxes, thermal and other types of
treatments after surfacing [8].

It is also assumed that the technological modes
of hardfacing can affect the quality of operational
properties (hardness, wear resistance) of the restored
parts. Thus, the purpose of the study is to establish
the influence of technological modes of semi-auto-
matic surfacing during the restoration of parts on the
performance properties of the restored surfaces.

Research methods

The experiment was carried out on samples of
Steel 3 with semi-automatic hardfacing with Sv08G2S
welding wire. Steel marking and chemical composi-
tion are presented in tables 1, 2.

Hardfacing of prototypes for further mechanical
testing was carried out according to the sketch shown
in Figure 1.

The experiment was carried out according to the
classical method of a multifactorial experiment (full
three-factorial). The experiment planning matrix is
presented in Table 3.

Figure 2 shows samples with semi-automatic
hardfacing in the amount of 6 pieces.

Semi-automatic hardfacing was performed on
flat samples 70 x 55 mm in size to analyze the hard-
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Table 1 — Chemical composition of Steel 3

Mass fraction of elements, %
Steel grade Hardness
C Mn Si Cr
St3 0,14...0,22 0,4...0,65 0,05...0,17 <0,3 HB 107 =131 MPa

Table 2 — Chemical composition of the welding wire Sv08G2S

Mass fraction of elements, %
Wire grade Hardness
C Mn Si Cr
Sv08G2S 0,05...0,11 1,80...2,10 0,70...0,95 <0,2 180...210 HB

Table 3 — Experiment design matrix

Variation parameters
Factors X .
Amperage, |, A | Voltage, U, V | Wire feed speed, U, m/min The hardness
Upper level 260 24,5 4,5 bair interacti of the
air interactions i
Lower level 135 17,5 2 deposited
layer, HRC
Center 197,5 21 3,25 (average
Variation interval 62,5 3,5 1,25 value)
Code X1 XZ X3 XIXZ X2X3 X1X3
1 135 17,5 2 + + + 18,92
2 145 18,5 2,5 - - + 25,6
3 205 22 3 - + = 16,24
4 220 23 3,5 + - - 16,9
5 240 24 4 + - - 17,42
6 260 24,5 4,5 - + - 15,22
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Figure 2 — Samples with semi-automatic

Figure 1 — Sketch of a prototype for semi-automatic hardfacing hardfacing

ness and geometric parameters of the weld with asin- | without changing the selected parameters.

gle-pass weld at specified parameters. To determine The hardness of the deposited welds was con-

the amount of wear on the samples, a section with | trolled by the Rockwell method (Figure 3). A dia-
several welds was made in multi-pass hardfacing | mond cone was used as an indenter. The hardness [ 53 |
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values were determined on the HRC scale at a force
of 150 kgf after careful grinding of the deposited sur-
face with a Mitutoyo HR-530 series hardness tester.

The measurements were carried out at least five
points, as shown in Figure 3, then the average values
were calculated for each analyzed surface. The stan-
dard error in determining the hardness was within +
1-2 HRC.

Results and discussion

The experimental data obtained are presented in
Table 4.

The obtained mathematical and graphical depen-
dences of the hardness of the deposited layer on the
parameters of the technological process of semi-auto-

Table 4 — Experimental data for hardness control

Number Amperage, Voltage, Wire feed speed, Hardness of the deposited Average value,
mode 1, A(X,) U, V(X;) U, m/min (X;) layer, HRC (Y) HRC (Y,,)

23,6
25,2
| 135 17,5 2 26,4 25,6
26,4
26,4
18,7
18,7
Il 145 18,5 2,5 19 19,04
19,3
19,5
16
17,2
] 205 22 3 17,6 17,4
18,1
18,1
16,8
16,4
\% 220 23 3,5 16 16,84
17,1
17,9
17,9
17,5
Vv 240 24 4 14,9 15,45
15
15,9
15,6
15,6
\ 260 24,5 4,5 14,7 15,22
14,7
15,8

Figure 3 — Hardness control
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matic hardfacing are shown in Figure 4. - radius trajectory — 3 mm;
To determine the performance properties, me- -load - 20 N;
chanical wear resistance tests were carried out. - test temperature - 22.1°C;
Tribological studies were carried out according to - time — 50 min.
the «Ball-disk» friction scheme on a Microtest tribom- The indenter was a ball made of hardened stain-
eter (Microtest, SA, Madrid, Spain, Figure 5) under | less steel AISI 52100 with a diameter of 6 mm, hard-
the following experimental conditions: ness 64 HRC.
- sliding distance — 200 m; Wear tests were carried out on each of the 6 sam-
- sliding speed — 200 rpm; ples (Figure 6). The amount of wear of the material
y = 856,44x°1:261 y =-0,0729x + 32,638 ¥ = 23320 - 18,772x + 52,934
R? = 0,8556 R?=0,7273 R:=0,9385
30 30 "
25 i 25 * 2 %
Q Q
F 2 . £ 2 * E # \\-h-—w
ﬁ_ls \ ﬁ . \ §- i _. -
= ot e
£ 10 B 10 w0
T £ I
5 5 5
0 0 o
(1] S 10 15 20 25 30 0 100 200 300 o 1 ] 3 4 5
Voltage, V Amparage, A Wire feed speed, m/min

R — correlation coefficient at a confidence level of 95.0% and a significance level of 0.05

Figure 4 — Results of statistical processing according to the planning matrix for the dependencies of hardness on
the technological parameters of the hardfacing

Figure 6 — Prototypes in the process of testing for abrasive wear 55 |
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with surfacing was evaluated by weighing prototypes
before and after testing on an analytical balance. The
weight loss of the ball was recorded on a laboratory
scale with an accuracy of 0.00001%, the weight loss of
the sample was recorded with an accuracy of 0.001.

The obtained dependences of the hardness of the
deposited layer on the change in the mass of samples
and balls are shown in Figure 7.

A summary of the results of all experiments is
presented in Table 5. Analyzing the results of these
experiments presented in Table 5, it was found that
the optimal mode of semi-automatic surfacing is
mode I, which provides the maximum hardness of
the deposited layer and the lowest coefficient of fric-
tion. In general, it can be concluded that by changing
the technological modes, the hardness of the depos-
ited layer varies by 10.38 HRC units from the mini-
mum to the maximum value.

Conclusions:

1. An analysis of the statistical processing of ex-
perimental data showed that there is a dependence
of hardness and wear resistance on the following fac-
tors: amperage, voltage and wire feed speed.

2. With an increase in wire feed speed — from 2
to 4.5 m/min, voltage — from 135 to 260 V, amperage
—from 17.5 to 24.5 A, the hardness increases by 10.38
units on the HRC scale, which is approximately 39%,
the friction coefficient varies from 0.57 to 0.93.

3. Optimal modes of semi-automatic hardfacing:
I=135A;U=175V; U =2 m/min. With the specified
parameters, the required hardness of the deposited
layer, penetration depth, weld geometry and mini-
mum wear are provided.

4. Restoration of mating parts using semi-auto-
matic hardfacing allows you to create coatings that
are superior in properties to the material of the part.
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Figure 7 — Graphical representation of the change in the mass of samples after tribological tests
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Figure 8 — The dependence of the coefficient of friction on the distance of passage of the counterbody in

tribological tests
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Table 5 - Summary of experimental results

Number Hardness of the Change in the weight of the Change in the weight of the Average friction
mode | deposited layer, HRC | ball after the experiment, g | samples after the experiment, g coefficient
I 25,6 0,00001 0,013 0,572854
Il 19,04 0,00001 0,007 0,811208
11 17,4 0,00007 0,007 0,716026
v 16,84 0,00002 0,007 0,727906
V 15,45 0,00001 0,007 0,932176
Vi 15,22 0,00004 0,01 0,801742

REFERENCES

1. Zakharov Yu.A., Remzin E.V., Musatov G.A. Analysis of the main defects and methods for restoring parts of automobiles such as
«shaft» and «axle» // Young scientist, 2014, no. 20 (79). — Pp. 138-140.

2. Zhukova A.V., Zharkevich O.M. Analysis of defects in the shafts of technological machines // Technology of mechanical engineering,
2021, no. 9. —Pp. 26-31.

3. Kupaev V.V. Surfacing as one of the methods of restoration work in the repair of equipment // Bulletin of the NGIEI, 2013, v. 8,
no. 27.—Pp. 49-53.

4. Velasco G.A. Effect of welding on local mechanical properties of stainless steels for concrete structures using universal hardness
tests // Construction and building materials, 2009, t. 23, no. 5. — Pp. 1883-1891.

5. Tongov M. Surfacing — technologies and layer properties (A Review) // Environment Technology Resources Proceedings of the
International Scientific and Practical Conference, 2019, 3:229.

6. Dema R.R., Amirov R.N., Kalugina O.B. Experimental study of modification mechanism at a wearresistant surfacing // 0P Conf.
Series: Journal of Physics: Conf. Series, 2017, 944. — Pp. 1-5.

7. Ivanov AV., Priozerskaya O.L. Perspective methods of surfacing and machining of repairable parts // Technical and technological
problems of service, 2010, no. 3 (13). — Pp. 1-9.

8. Krainev D.V., Polyanchikova M.Yu., Bondarev A.A. Influence of the surface layer characteristics on the regularities of the cutting
process // MATEC Web of Conferences, 2017, 129, 01045. — Pp. 1-3.

Mapmeinaii asmomammel 6aaKbimy apKbinabi beswekmepdid KannviHa Keamipemin 6emmepiHid natidanaHy
KacuemmepiH 3epmmey
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2BUCINSKAS Vytautas, m.f.0., npogeccop, vytautas.bucinskas@vilniustech.lt,

1«d6inKac CarbiHO8 ambIHOaFrbl KaparaHObl mexHUKanblK yHusepcumemi» KeAK, KazakcmaH, KaparaHosl,
H. Hazapbaes daHrbinbl, 56,

2[edumuHac amsiHOaFbI BunbHIOC MeXHUKAnNbIK yHUsepcumemi, /lumea, BuneHroc, Saulétekio al., 11,

*aemop-koppecrnoHOeHm.

AHOamna. bankeimbinFaH #abbiHOapObIH nalidanaHy mesimoini2iHiH HoFapsl KepcemkiumepiH KaMmMamacsi3 emy
YWiH KannsiHa Keamipy KesiHOe 6enwekmepoi 6aaKbimyOdbliH oHMalianbl MexXHO02UAMbIK perumoepiH maHoayosiH,
FbIALIMU Heziz0emeci 3epmmeydiH, Makcamel 6061 mabblnadel. IneKmp Mo2biHbIH, KepHeEYOiH #aHe bepy Hbladam-
ObifbIHbIH 6a/1KbIMbIAFAH KABAMMbIH KAMMbIAbIF6I MeH MOo3yFa me3simadiniziHe acepiH baranayra MymKiHOiIK bepemiH
MamemMamuKasnblK mayendinikmep anbiHObl. P Mypai mexHono2uAnsbIK pexcumoepde CB-082C coimbiMeH Hapmeol-
nali asmomammel 6aaK6IMyObIH, KAMMbIAbIF6l MeH mo3yFa me3imainiei aHbIKmManosl. YiiKesnic KOaghpuyueHmiHiH KOH-
mpoeHeHiH emy KawbiIKmMbifblHa Mayendiniai aHeIKMandbl. ToeMeH KOCNasAaHFaH CbiMMeH xapmelaal asmomammel
6asKbIMy YWiH oHMadsabl MexHOA02UASbIK PeHUMOep OPHAMBbIAFAH: 6anKy #bladamobiFbl — 2 M/MUH, KepHey — 135
B, mok kywi— 17,5 A. byn #cardalida KammeolsaslK MaKCUManobl MaHze Hemedi 25,6 HRC, mosy KoagppuyueHmi 0,57.

Kinm ce3dep: KannviHa Keamipy, ¥apmeoiaali asmomammel 6asKbIMY, MO3y, KAMMblAblK, Mpub0a02UAbIK CoIHAYAap.
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UccnedoeaHue 3KcnayamayuoHHbIX ceolicme soccmaHasnueaemMbix nosepxHocmeli demaneii
nonyaemomamudyecKoli HanaasKoli
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HAO «KapazaHOuHcKuli mexHuyeckuli yHusepcumem umeHu Abbinkaca CazuHosa», KasaxcmaHr, KapazaHoa,
np. H. Hazapbaesa, 56,

2BuneHrocckuli mexHuveckuli yHusepcumem umeHu fedumuHaca, /lumea, BuneHioc, Saulétekio al., 11,

*aemop-KoppecrnoHOeHm.

AHHOmMayus. Lensto uccnedosaHus aeaaemca Hay4Hoe 060CHOBAHUEe 8b160pa ONMUMAbHLIX MEXHOM02UYECKUX PeH U-
MO8 Hannasku demaseli npu soccmaHossneHuu 01 obecrieyeHuUs 8bICOKUX MoKazamesnell SKCrayamayuoHHol cmoliKo-
CMu HannaeneHHsIx NoKpsimul. [MosnyyeHsl Mamemamu4eckue 308UCUMOCMU, M0380/AOWUE OUeHUMb 8aUAHUE CUsbl
3/1eKMPUYECKO20 MOKQ, HAMPAXEeHUA U CKOpocmu noda4yu Ha meepdocme U U3HOCOCMOUKOCMb HAMAA8/1eHHO20 C/0A.
OnpedeneHbl meepodocmb U U3HOCOCMOUKOCMb oayasmomamu4veckoli Hanaasku rnpososaokol CB-08M2C Ha pasauy-
HbIX MEXHOM02UYECKUX PeruMax. YcmaHo8seHbl 3a8UcumMocmu KoaghguyueHma mpeHuUs om paccmosHUs npoxoxcoe-
HUA KoHmMpmesnom. [na noayaemomamuyeckoli HanaasKu HU3Kone2uposaHHoU MpososoKoli ycmaHosesneHo, Ymo onl-
MUMGAbHLIMU MEXHOA02UYEeCKUMU PEeXUMAaMU ABAAIOMCA: CKOPOCMb HAMNAA8KU —om 2 M/MUH, HanpsaxeHue — 135 B,
cusna moka — 17,5 A. lpu amom meepdocms 0ocmuzaaem MAaKcumMasnbHo2o 3HayeHus 25,6 HRC, koaghgpuyueHm uzHoca
0,57.

Knrouesole cnoea: soccmaHossieHue, osyasmomMmamuyecKas HaraaseKa, UsHoc, meepdocmb, mpU60ﬂ02U‘4€CKU€ ucneol-
MaHuA.
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