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Abstract. During the crankshaft overhaul, a hardened material layer is removed
from the journal's surface. The resource and mechanical properties of such an engine
have been shown to be considerably reduced when compared to the new one. The
study proposes a method of electrolyte-plasma modification of the surface of the
repaired journals of the KamAZ-740 crankshaft made of chromium-molybdenum-
vanadium steel 42CrMoVA TU 14-1-5083-91 (analog AISI 4140) to restore and
improve fatigue strength. The crankshaft was destroyed after overhaul and had
a fatigue crack on the surface of the crankpin journal, which was examined. The
microstructure revealed the formation of a phase of high-carbon martensite on the
surface of the modified sample, as well as inclusions of carbides of alloying elements
(Cr, Mo, V), and cementite (Fe,C). Microhardness analysis of the samples using the
Vickers method showed an increase in surface hardness from 356..380 HV (initial
structure) to 592..624 HV (after modification). The behavior of the KamAZ-740
crankshaft when exposed to cyclic operating loads was modeled using the finite
element method in the ANSYS Mechanical analysis software. The analysis showed
that the greatest stresses of 91.673 MPa occur in the bearing fillets of the crankpin
journal, and the maximum values of deformation of the neck body reach 11.829
microns. It was found that the ground crankshaft, without surface hardening, has
a reduced number of operating cycles up to 163070, but after surface electrolyte-
plasma modification, it can operate for an unlimited number of cycles. The method
of electrolyte-plasma modification of the surface of the crankshaft journals makes
it possible to increase the safety margin by 18... 38%. The results of this study are
of practical importance for improving the quality of overhaul of steel crankshafts of
diesel and gasoline engines and extending their service life.
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Introduction

Automotive vehicles with an internal combustion engine (ICE) hold a leading position in
the transport sector of the Republic of Kazakhstan. It is the most popular mode of transport
for freight and passenger transportation. The crankshaft is the main component of an internal
combustion engine that drives everything from cars to ships and generators. Its main function is
to convert the linear motion of pistons into rotational motion, which drives cars or mechanisms
[1]. During operation, the crankshaft is exposed to high alternating loads from the combined
action of gas pressure forces on the piston and inertia forces of reciprocating masses. As a
result, mechanical vibrations (torsional and bending) occur. In addition, vibrations that occur
during engine operation, as well as high temperatures, which are similarly variable, harm the
crankshaft. Engine oil, fuel pollution, and combustion products create a corrosive environment
in the engine, which degrades the surface quality and the integrity of the crankshaft [2]. All
these processes increase the wear of the crankshaft and create conditions for the formation
of fatigue cracks on the working surfaces. The manufacturer usually designs a new crankshaft
with a safety margin that ensures its uninterrupted operation until the first overhaul of the
internal combustion engine, if the conditions for proper operation are met.

The specified service life of the KAMAZ-740 engine before the overhaul of the main units
is: category I - at least 500,000 km, category II - at least 450,000 km, category III - at least
400,000 km, category IV - at least 350,000 km, category V - at least 300,000 km [3]. The cost
of the overhaul increases significantly if the crankshaft is replaced with a new one, especially
for large diesel engines. For this reason, the worn-out crankshaft is repaired by grinding the
crankpin and main journal to the repair size. During the grinding process, the surface hardened
layer of the material is removed, which reduces its strength properties and resistance to loads
[4]. After such repairs, the operating time of the crankshaft is significantly reduced. The study of
the causes of crankshaft failure, as well as the improvement of technology and quality of repair,
to restore and increase performance, is relevant these days.

The subject of the study is the mechanical properties of the crankshaft of the KamAZ-740
diesel engine. The design of the KamAZ-740 crankshaft is shown in Figure 1. The main elements
of the crankshaft are: main bearing journals 1, crankpin journals 2, bearing fillets 3, webs 4,
counterweights 5, flywheel flange 6, and pulley end 7.

Figure 1. Crankshaft of KamAZ-740
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N. Nikoli¢, N. Tadi¢, and J. Dori¢ [5] analyzed the failures of crankshafts and found that most of
them are formed in the main and crankpin journals, which operate under high variable torsion
and bending loads. These failures have a fatigued character. Aleksandar Vencl and Aleksandar
Rac [6] studying the tribological process during friction of crankshaft journals and bearing
liners during the operation of diesel engines, and found that the main and most significant types
of wear are abrasive, adhesive, and surface fatigue wear. In addition to loads, other factors affect
the resistance of a part to fatigue wear. D. Arola and S.L. Williams [7] in their study indicate
that the roughness and integrity of the surface formed during the mechanical processing of
the material significantly affect the process of fatigue failure. Dimensional details are also of
great importance. Large-sized crankshafts have low and variable stiffness and, as a result, high
susceptibility to bending deformations [8]. V.P. Lyalyakin & D.B. Slinko [9] have shown that the
main journals wear out more intensively than the crankpin journals. The authors also claim that
increasing the hardness of the journal surface improves wear resistance. Shuailun Zhu and others
[10] claim that abrasive wear of crankshaft journals occurs due to the ingress and accumulation
of polluting particles of fine debris and migration of carbonaceous elements from lubricants to
the contact surface between the journal and the bearing liner under the influence of friction and
elevated temperatures. These accumulated particles also cause uneven stress distribution on the
surface, increasing fatigue wear of the crankshaft neck. Park H., Ko Y, and Jung, S. [11] found that
the fatigue strength of the surface of the crankshaft journals can be increased by nitriding by more
than 60%. Yasutoshi Tominaga and others [12] investigated the effect of ultrasonic modification
by nanocrystals on the surface of the crankshaft necks on its operational properties. The results of
the study showed that the fatigue strength increased by 30%, the coefficient of friction decreased
by 24%, and wear decreased by 85% after modification. Boris Tarasenko and others [13] used
carbide powder and a soft base of copper-zinc alloy as a coating on the surface of the crankshaft
journals to increase the reliability and durability of power plants.

After analyzing the experience of previous researchers, it was found that research in this
area is not sufficient, because they have not fully identified and accurately determined the main
factors influencing the increase in fatigue strength. They also did not offer a comprehensive
technology that would simultaneously meet the requirements: the level of fatigue strength,
economic efficiency, and manufacturability of crankshaft hardening methods.

Electrolyte-plasma modification (EPM) opens up great opportunities for repairing and
improving crankshaft performance, offering a new approach to solving problems such as wear,
fatigue, and surface damage. This innovative technology uses a combination of electrochemical
and plasma processes to change the surface properties of metal components, including
crankshafts, and improve their performance, strength, and durability [14]. EPM can also cause
compressive residual stresses in the surface layers of the crankshaft, effectively slowing down
the initiation and spread of cracks and increasing the fatigue strength and resistance of the part
to mechanical damage [15]. EPM can effectively harden the surface of crankshafts, increasing
their resistance to wear and fatigue. If the crankshaft is exposed to a controlled plasma discharge
in an electrolytic solution, it is possible to modify the surface layers with alloying elements or
transform them into hardened phases, which increases the strength of the part and extends its
service life [16]. EPM can change the surface topography and chemical composition of these
critical areas, creating a protective layer that reduces friction, minimizes wear, and improves
lubricant retention. These factors increase the efficiency and reliability of the crankshaft [17].
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The methodology

Samples were cut and prepared (Fig.2) from the journals of the KamAZ-740 crankshaft made
of steel 42CrMoVA TU 14-1-5083-91 (analog AISI 4140) to study the mechanical properties. It
is a type of alloy steel that has high strength, toughness, and excellent hardenability. This steel
belongs to the group of chromium-molybdenum-vanadium steels and is often used in areas
requiring high mechanical properties and resistance to wear and fatigue [18].

o l/”-\ s

Figure 2. Crankshaft sample made of 42CrMoVA Steel TU 14-1-5083-91 (analog AISI 4140)

Chemical composition of steel 42CrMoVA TU 14-1-5083-91 (analog AISI 4140): (0,40 -
0,45)% C; (1,00-1,30)% Cr; (0,50 - 0,80)% Mn; (0,35 - 0,45)% Mo; (0,08 - 0,12)% V; (0,17 -
0,37)% Si; <0,3% Ni; (0,007 - 0,025)% S; <0,025% P; <0,3% Cu; Fe - Rest.

The mechanical properties of heat-treated (quenching and tempering) steel 42CrMoVA TU
14-1-5083-91 (analog AISI 4140) are shown in Table 1.

Table 1. The mechanical properties of steel 42CrMoVA TU 14-1-5083-91 (analog AISI 4140)

The mechanical properties
c c 8 y KCU HB c T

B T ot | e |

835 716 12 42 78,4 255-277 389 233

o, - Tensile strength, [MPa];

o, - Yield strength, [MIla];

6 - Relative elongation, [%];

Y - Relative narrowing, [%];

KCU - Impact strength, [ ] / cm?];

HB - Brinell hardness, [MPa];

o_, - Endurance limit for a symmetrical cycle of normal stresses, [MPa];
T_, - Endurance limit for a symmetrical tangential stress cycle, [MPa].

The surfaces of the samples have been modified by the electrolytic plasma method. The
surfaces of the samples were modified by the electrolytic plasma method. In the modification
process, the sample surface mounted on a bracket and placed in an electrolyte bath from a 10%
solution of soda ash (Na,CO,) was heated by electric discharges of the resulting plasma. In this
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case, carbon is mass-transferred to the treated surface and cemented [19]. The electrolyte was
constantly circulated using a centrifugal pump to maintain an optimal temperature. The design
had a nozzle through which the electrolyte enters the surface of the workpiece, and an anode
plate made of stainless steel 12Cr18Ni10Ti GOST 5949-2018, connected to a positive potential.
The processed product was connected to a negative potential. The EPM process was performed
cyclically [20]. The first cycle (4 seconds) is heating the part's surface to the temperature of the
phase transformation of ferrite into austenite, equal to approximately 860°C. Next, a cooling
cycle took place for 4 seconds in the electrolyte stream and quenching. These cycles were
repeated 30 times. The total processing time was 4 minutes.

The microstructure of the samples before and after modification was examined using an
Olympus BX51 optical microscope, which allows detailed observation and analysis of changes
in the surface structure. The microhardness was measured on a DuraScan 20 hardness tester
using the Vickers method, which provides high accuracy.

Experimental research and mechanical tests were carried out at the “Smart Engineering”
laboratory and the “Mechanical Engineering” scientific and production complex of the NJSC “D.
Serikbayev East Kazakhstan Technical University”.

The hardening process and its effect on fatigue strength were modeled using the finite
element method in the ANSYS Mechanical automated engineering analysis software package.

Findings/Discussion

The investigated crankshaft of the KamAZ-740 engine had a developed fatigue crack (Fig.
3) extending from the surface deep into the material. The initial crack formation zone was
localized in the bearing fillet region of the second connecting journal, where maximum stress
concentrations were observed. The fatigue crack developed gradually, spreading from the stress
concentration zone to the main body of the shaft and further to the nearest web. The fracture
occurred after the crack length reached a critical value and the load-bearing capacity of the
structure was disrupted.

2th crankpin journal 2th crankpin journal

Figure 3. Fatigue crack of the KamAZ-740 crankshaft
a - the beginning of cracking; b - crack development
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During the study, the microstructure and microhardness of the crankshaft samples were
studied before processing (Fig.4a) and after the electrolyte-plasma modification (Fig.4b). It was
found that in the initial state, the microstructure of the material consisted of a finely dispersed
mixture of ferrite and carbides phases, as well as small sections of perlite. This is typical for
the structure of alloy steel subjected to quenching and high tempering. No martensite phases,
inclusions of CrN, FeN, VN nitrides, iron, and nitrogen compounds such as the g-phase (Fe2N3)
and y'-phase (Fe,N) characteristic after nitriding were found near the surface. This indicates that
when the crankshaft was ground to the repair size, the surface hardened layer was completely
removed. After treatment by the method of electrolyte-plasma modification, the formation of
high-carbon martensite from carbon-supersaturated austenite was observed in the structure
of the material [21]. Finely dispersed carbides of alloying elements (Cr, Mo, V) and cementite
(Fe,C) were also found.

Mlcrohardness“ 4 b)
/‘ measuren}ent p#‘m

Figure 4. Microstructure of 42CrMoVA Steel
a - initial sample; b - after EPM

Measurements of the microhardness of the surface of the samples showed an increase in
values after electrolyte-plasma modification from 356...380 HV (Fig.5a) to 592...624 HV (Fig.5b).
This has a positive effect on the strength characteristics of the material. As noted earlier, the
high hardness due to the fine structure of martensite contributes to a significant increase in the
fatigue strength of the material due to resistance to the development of microcracks [22]. Fine-
dispersed martensite ensures uniform distribution of internal stresses, which reduces local
load concentrations and increases the durability of the part.
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Microhardness
measurementprint

Figure 5. Measurements of surface microhardness: a - initial sample; b - after EPM

To simulate the behavior of the material under cyclic loading of the KamAZ-740 crankshaft
and identify areas prone to fatigue cracks, fatigue strength was calculated using the finite
element method by the ANSYS Mechanical automated engineering analysis software package
with the ANSYS Structural Fatigue module. This module allows you to evaluate fatigue life,
damage caused by fatigue load, safety factors, and variable stresses [23]. During the fatigue
analysis, the most severe modes of operation of the internal combustion engine were taken as
design modes. Figure 6 shows a graph of changes in the specific forces (in MPa) of inertia P’jand
gas pressure P’g depending on the angle ¢ of rotation of the crankshaft in the maximum torque
mode. The total value of the specific forces of gas pressure and inertia is their algebraic sum:

P =P +P, (D

Vo
MP v

***** ———g [ P/I /—¥®\

g0 80 270 360 450 540 630 ¢~

Figure 6. Graphs of the specific forces of the reciprocating internal combustion engine
P =P +P, by the angle of rotation of the crankshaft in the maximum torque mode
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In most cases, all of these loads do not cause critical elastic and plastic deformations of the
crankshaft material, and the resulting stresses are significantly lower than the yield strength.
Nevertheless, all these loads are alternating in nature and cause fatigue failure of the part. As
noted earlier, the fatigue strength of the material is affected by the following factors: the design
and dimensions of the part, the nature of the loads, surface roughness after machining, surface
hardening, and corrosion resistance. All these parameters are determined by the coefficient of
reduction of the endurance limit K [24, 25], which is taken into account when calculating fatigue
strength. In turn, ANSYS Mechanical uses the fatigue strength factor K, which has an inverse
relationship with K:

1
Kr =+ )

During operation, the crankshaft experiences the combined effect of tension compression,
bending, and cyclic torque loads. In the case of tension compression, or bending, K is determined

by the following formula:
K =(F= g 1)

Kag Krg Ky'Ka (3)

K during torsion:

K=(Kf+i—1)- : 4)
Kar Kpzr Ky'Ka

where K K_are the effective stress concentration coefficients (take into account the design
parameters and dimensions of the crankshaft): K - during tension compression, K , - during
bending, K_- during torsion;
K, K. are the surface roughness coefficients (roughness of crankshaft journals after grinding
Ra0,32 (Rz1,6)): K, - during tension compression, bending, K, - during torsion;

K are the coefficient of surface treatment;

K, are the anisotropy coefficient.

The anisotropy coefficientis K, =1, because the KamAZ-740 crankshaft workpiece is obtained
by forging and the material has a uniform structure in all directions.

The coefficient of surface treatment K is determined experimentally. For surface cementation,
K isintherange from 1.2 to 2.0, without surface treatment, K equal to 1. To determine the effect
of cementation by the electrolyte-plasma modification on the fatigue strength of the crankshaft,
the conditions were modeled at surface treatment coefficients K equal to 1.0, 1.2, 1.6 and 2.0.

The obtained values of the coefficients associated with K are shown in Table 2, the coefficients
K. in Table 3.

Table 2. Coefficients K

Coefficients K, K. K K, K, K. K, K K,
Value 1,574 {1,571 | 1,404 | 0,823 0,760 0,972 0,984 | 1.0..2.0 1
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Table 3. Coefficients Kf

Sample Value K,
Tension compression Bending Torsion
Initial 0,515 0,516 0,533
Modified K =1.2 0,618 0,619 0,640
Modified K =1.6 0,824 0,826 0,853
Modified K =2.0 1,030 1,032 1,066

At the first stage of the fatigue strength calculations in ANSYS Mechanical, the loading
parameters were set. Cyclic loads during crankshaft operation are asymmetrical. Figure 7a
shows the constant loading amplitude of the KamAZ-740 crankshaft. For forged parts made
of high-quality alloy steel, the most acceptable theory of medium stress correction is the
Soderbergh theory (Fig. 7b).

SN-None
Gerber ASME Elliptical

Endurance

0 Yield Ultimat:

Figure 7. Load parameters of the KamAZ-740 crankshaft
a - constant loading amplitude of the crankshaft; b - Soderberg curve

Figure 8a shows equivalent (according to Von Mises) stresses that occur in the crankshaft
when exposed to loads. Places of significant stress are marked in red: in the bearing fillets
around the crankshaft, near the main and crankpin journal. The maximum stress is 91.673 MPa
in the bearing fillet area. The complete deformations under loading are shown in Figure 8b.
The maximum deformation of the crankshaft occurs in the area of the center of the connecting
crankpin journal by 11.829 microns. The biaxial index is defined as the ratio of the lower main
strength to the higher main strength, while the main strength close to zero is ignored. A value of
0 indicates a uniaxial strength. A value of -1 means a pure shift and a value of 1 corresponds to a
purely biaxial state. Figure 8c shows a graph of the biaxial indication for the 42CrMoVA material
of the KamAZ-740 crankshaft.

JLH. 'ymusnee amvindarsl Eypasus yaimmoik yHusepcumeminiy XABAPIBICHI.
TexHUKA/IbIK FLLABIMOAD JHCIHE MEXHO102USAAD CEPUSICHI
ISSN: 2616-7263. eISSN: 2663-1261

N21(150)/ 2025 95



LD. Gridunov, K.K. Kombayevy, Y.Y. Tabiyeva, A.S. Kizatov

a)
Equivalent (von-Mises) Stress, Pa
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7.1302e7
= 61116e7
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_. 4,0745€7
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2,0374e7
I 101897
2981,6 Min

5.2414e+007
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—
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Total deformation, m
. 1,1829¢-5 Max

1,0515e-5
== 9.2005e-6
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l 1.3144e-6

0 Min

0,000 0,150 0,300 {m)

0075 0.225

0,000 0,150 0,300 (m)
I 4090900 9 —_—___

0075 0225

Figure 8. Stresses in the material of the KamAZ-740 crankshaft
a - Equivalent stresses according to Von Mises, b - complete deformations, c - biaxial stresses

Figure 9 shows the results of modeling the number of available cycles of the crankshaft, with
calculated variable loads. In Figures 9a (K =1 ) and 9b (K =1.2) it can be observed that there
are areas with reduced available cycles on the crankpin journal bearing fillets (min 163070
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and 445350 cycles, respectively). This fact indicates that in these places, upon reaching the
set values, a fatigue crack will form and the crankshaft will begin to collapse. At K =1.6 u 2.0
(Fig. 9¢), the entire area of the part satisfies the fatigue strength condition. This means that the
crankshaft can continue to operate indefinitely.

a)

1e6 Max
I 8,175e5
6,683e5

54633e5
B 4,4662e5
S 36511e5

2,9848e5

244e5

. 1,9947e5
1,6307e5 Min

b)

1e6 Max
I 9,1404e5
8,3547e5

7.6366e5
BN 6,9802e5
S 6,3802e5
58317e5
5,3305e5

. 4,8723e5
4,4535e5 Min

I 1e6 Max
1e6 Min

3,1356e+005 1,6307e+005 8

0,000 0,150 0,300 (m)
I I

0,075 0225

0,000 0,150 0,300 (m)

0,075 0225

0,000 0,150 0,300 (m)
I I

0,075 0225

Figure 9. The number of available cycles of the KamAZ-740 crankshaft before fatigue failure

a - with the K =1.0; b - with the K =1.2; ¢ - with the K =1.6 u 2.0;
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It is also important to determine the fatigue strength safety factor of the KamAZ-740

crankshaft material during fatigue calculation. The minimum safety factor (Fig.10 a,b) of fatigue
strength is observed at the bearing fillets and reaches values less than one, which indicates
insufficient fatigue strength of the part under specified operating conditions. The value of the
safety factor greater than 1 (Fig.10 c,d) indicates the available margin of fatigue strength, which
makes it possible to compensate for inaccuracies in the manufacture and processing of the
crankshaft, specified operating conditions, and other factors.

078759 F
=

b)
.-

. 0,87421 Min
0

0,000 0,150 0.300 (m!
I

0,000 - 0,150 - 0,300 (m)
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d)
mo™

1,376 Min

I

0,000 0,150 0,300 (m)

Figure 10. Fatigue strength safety factors
a - with the szl'O; b - with the KV:1.2; ¢ - with the KV:1.6; d - with the KV:Z.O;

After analyzing the results calculations for fatigue strength using the finite element method by
the ANSYS Mechanical, a fatigue sensitivity diagram was constructed (Fig. 11). In this diagram,
you can observe differences in the values of the number of available cycles of loading the
KamAZ-740 crankshaft. At K =1 (surface without treatment), correct operation of the crankshaft
is ensured at a load not exceeding 72% of the maximum, at K =1.2 the load should not exceed
87% of the maximum. With coefficients K =1.6 and 2.0, its correct operation is guaranteed at
maximum calculated fatigue loads and has a margin of 18% and 38%, respectively.

10 B2
T T T T T I ——kva10

Available Life (cycles)

Loading History
Figure 11. Fatigue sensitivity diagram
Conclusion

The effect of electrolyte-plasma modification on the fatigue properties of the KamAZ-740
crankshaft made of high-quality chromium-molybdenum-vanadium steel 42CrMoVA TU 14-1-
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5083-91 (analog AISI4140) wasinvestigated. Samples were made and modified for experimental
work. Changesin the microstructure of the samples after EPM were recorded. The results showed
the presence of a quenching structure of high-carbon martensite on the surface of the modified
samples, as well as inclusions of carbides of alloying elements (Cr, Mo, V) and cementite (Fe3C).
The microhardness study showed a 64% increase in HV values after treatment. The simulation
of cyclic loading by the finite element method in the ANSYS Mechanical system showed that the
strength characteristics of the KamAZ-740 crankshaft without surface heat treatment do not
meet the specified requirements and ensure correct operation only at loads not exceeding 72%
of the maximum. The method of electrolyte-plasma modification of the surface of the crankshaft
journals allows for a margin of safety in the range of 18% and 38%. The study showed that
the electrolyte-plasma modification has a positive effect on the service life of the KamAZ-740
crankshaft after overhaul, significantly increasing its durability and reliability.
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WU.A.T'puaynos, K.K. Komo6aes, E.E. Ta6ueBa, A.C. Kuzatosn
. Cepikb6aes amvindarsi Llbirbic Ka3akcmaH mexHUKA/IbIK yHUBepcUumemi»
Kommepyusiivlk emec akyuoHepaik Koramol, OckemeH, KazakcmaH

Kypaeni xxeHnaeyaeH keiiin KamA3-740 ningi 6ij1iriniy, mapmay 6epikTtirine COHFbI
3JIeMeHTTepAi Moje ibJeyAi KOJIAAHA OThIPbII, 3JIeKTPOJIUT-IJIa3Ma/IbIK, MOAH PUKALUAHBIH,
acepiH 3epTTey

Angarna. HWinai OimikTi Kypaeni keHJley Ke3iHJe MOUBIHHBIH 6OeTiHEH MaTepHasiJiblH,
KaTaWTbUIFAaH KAbaThl aJbIHbIN TacTaJaAbl. MyH/lall KO3FaJTKBIUIThIH pPecypcbl MeH MeXaHU-KaJblK
KacueTTepi »KaHAaCbIMEH CaJbICTBIPFaHJa aWTapJbIKTal TeMeHAeWi. 3epTTey wapuay 6epikTirin
KaJIbIHA KeJITIpy >KoHe >kakKcapTy MakcaTbiHAa 42XM®A TY14-1-5083-91 (AISI 4140 anasorbl)
XpOM/JbIMONUGAEH iBaHa AU 6oJlaTblHAH KacaaFraH KaMA3-740 uinai 6iniriHiy KeHJenreH MOUbIH
0eTiH 3JIEeKTPOJIUTTIK-TJIa3MaJbIK, MoaudUKanusaaay 9AaiciH ycbiHanAbl. Kypaeni xeHpaeyaeH KeliH
oysbuiFaH Kamas-740 gusesbli KO3FaJTKbIIIbIHBIH MOWBIH OeTiHJZe IlIapllay >apblKliacbkl 6ap
viHAi 6iniri 3eprTeni. MUKpOKYpPBIIbIM/bI 3epPTTEY OHAENTeH YIriHiH 6eTiHJe KoFapbl KOMipTEKTi
MapTeHCUT $pa3acbIHbIH TY31/yiH, COHAAN-aK JIerupJaeyiii ajeMeHTTep KapouarepidiH (Cr, Mo, V) xoHe
LIEMEHTHUTTIH, (Fe3C) KOCBIH/bLJIAPBIH aHbIKTaAbl. BUKKepC afjiciMeH yJrisiepZiH, MUKPOKATThIJIBIFbIH
Tajajay O6eTiHiH KaTTbLIbIFbIHBIH 356..380 HV (6acTankbl KypblibiM) MaHAepiHeH 592 ... 624
HV (MogudukauusjaH KeiliH) feitiH »KofapbuiaraHblH kepceTTi. ANSYS Mechanical 6armapJsiamMasbik
KelleHiHgeri CoHFbl 3jieMeHTTep oficimeH KamA3-740 winai GisiriHiH >KYMBICTBIK ITUKJAIK
KYKTeMeJiepre yulblparaH Ke3Jeri apekeTi MojenbfeHfi. Tanjgay kepceTKeHJeH, eH, »OFaphl
KepHeyJiep 91,673 MIla 6ailsiaHbICTBIPYLIBI 63€K I'a/ITe/bJepiHje naiija 60/1a/bl, a1 MONUBIH JeHeCiHiH
JebopMalMsAChIHBIH, MaKcUMasiabl MaHi 11,829 mkM-re xeTtefi. TericrenreH wiHai 6isiK, KeHiHHeH
6eTTiK KaTalTychI3, KYMbIC IUKAAEepiHiH caHbl 163070-ke aeiliH TeMeHAereHi aHbIKTaaAZbl, Gipak
GeTTiK 3JEeKTPOJUTTIK-IIa3MaIbIK MOAMUKALUAAH KeHliH IeKci3 IUKAgap GOUbI KYMbIC icTel
amagbl. UiHai GiyMiKTiH MOUWBIH 6eTiH 3/IEKTPOJIMTTIK-IJIa3MasblK MoAWPUKAIUAIAy d/ici OHBIH
Kayimncisgik meriH 18..38%-Fa apTThipyFa MYMKiHZ ik 6epeni. Ocbl 3epTTeyAiH HaTHXe/lepi JU3esbi
»KOHe 6eH3UH/Ii KO3FaJTKbIIUITAp/bIH 60JaT UiHAi 6isikTepiH KypAei »keH/iey canacblH apTThIPY XKIHe
oJIap/iblH KbI3MET €Ty MeP3iMiH YIFAUTY YIliH MPaKTHKAJ/IbIK MaHbI3bI 6ap.

Ty#iH ce3aep: viHAi 611K, 3JIeKTPOJUTTIK NJIa3MalblK MogudUKaLUs, lapiuay 6epikTiri, kypaeni
)KOH/ey, MHXKeHepJIiK Taaay.
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U.A.Tpugynos, K.K. Kom6aes, E.E. Tauesa, A.C. KuzaTtoB
Hekommepueckoe AkyuoHepHoe Obujecmeo BocmouHo-KazaxcmaHckull TexHuueckutl YHugepcumem um.
/. Cepukbaesa, Ycmb-KameHozopck, KazaxcmaH

HcciegoBaHue BJIMAHUA 3JIEKTPOJUTHO-IIJIA3MEeHHOM MOAUPUKALUY HA YCTAJIOCTHYIO
NPOYHOCTb KOJIeHYaTOoro Bajia KamA3-740 nocjie KanMTaJbHOTO peMOHTA
C IpMMEeHeHHEeM MOJAe/IMPOBAHUSA METOA0M KOHEYHbIX 3/IEMEeHTOB

AHHoOTanud. [lpy KanuTaJlbHOM pPeMOHTE KOJIEHYATOro Bajia, C MOBEPXHOCTU IlIeeK CHUMAeTCd
yIOpOYHEHHBIN C10W MaTepuasa. Pecypc u MexaHUYeCcKHe CBOMCTBA TAaKOTO JBUTraTesisl 3HAUUTEJNbHO
CHIDKEHbl 10 CpaBHEHMUI0O C HOBBIM. B wuccienoBaHMM mpejJiaraeTc MeTOJ 3JIEKTPOJIMTHO-
nJla3aMeHHOU Mo pUKaAIIMK TOBEPXHOCTH OTPEMOHTUPOBAHHBIX llleeK KosieH4aToro Basia KamA3-740,
W3TOTOBJIEHHOTO W3 XPOMOMOJIMGeHOBOBaHaAueBoU ctanmu 42XMOA TY 14-1-5083-91 (anasor
AISI 4140), c uenblo BOCCTAaHOBJIEHHUS] M YAY4YlLIeHHs] YCTAJOCTHOU NMPOYHOCTU. BbL1 uccaenoBay,
paspylleHHbIN NOC/A€e KalUuTaJbHOTO PEMOHTA KOJIEHYAThIA BaJs Ju3eabHOro asuratess KamA3-740,
MMEWIUNA Ha TOBEPXHOCTUM LIATYHHOU UIEMKW YyCTajJoCTHyl TpeliuHy. [Ipu wucciaefoBaHuu
MHUKPOCTPYKTYpPbl ObLIO BbISIBJIEHO 0O6pa3oBaHHe ¢Gasbl BBICOKOYTJIEPOAMCTOrO MapTEHCHTA Ha
NOBEPXHOCTU 00paboTaHHOTO 00pa3lia, a TaKXe BKJIUYEHUN KapOWUA0B JIETHPYIOIUX 3J€MEHTOB
(Cr, Mo, V) u nementuta (Fe,C). AHau3 MUKPOTBEPAOCTH 06pasLoB Mo MeToAy BUKKepca mokasai
yBeJIMUeHNe TBepP0CTU MIOBEPXHOCTH co 3HayeHUM 356...380 HV (ucxopHas ctpykTypa) 10 592...624 HV
(mocne mogudukanuu). MeTo10M KOHEYHBIX 3JIEMEHTOB B IporpaMMHoM KoMiiekce ANSYS Mechanical
ObLJIO CMO/IE/IMPOBAHO MOBeleHHe KoJleHYaToro Basa KamA3-740 npu Bo3ieiCTBUHM Ha HEro pabouux
[MKJMYEeCKUX HAarpy3oK. AHa/IU3 MOKasaJl, YTO HauboJbliue HanpsikeHUs 91,673 Mlla BO3HUKAIOT B
rajTejisx IaTyHHOU LIefKY, a MaKCUMaJlbHble 3HaYeHHUs lebopMal UK Tea lelku gocturatot 11,829
MKM. Bb1J10 yCTaHOBJIEHO, YTO OTIL/IM$OBAHHbBIN KOJIeHYaThIN BaJl, 6€3 oC/Ie Y01 ero NI0OBEPXHOCTHOTO
yIOpOYHEHUS, UMeeT CHU>KEHHOE KOJIMYeCTBO I[UKJI0B paboThl Ao 163070, HO moc/ie MOBEPXHOCTHOHN
3JIEKTPOJIMTHO-IJIa3MEHHOU MoAuUKaLMel MOXKET paboTaTb HEOIPAaHUUEHHOW KOJIMYECTBO LIUKJIOB.
MeTos 3/1€KTPOJUTHO-IJIa3MEHHOr0 MOAWQPUIIMPOBAaHUS MMOBEPXHOCTU IleeK KOJeHYaTOro BaJa
NO3BOJISIET YBEJUYUTh 3amac npoyHocTyd Ha 18...38%. Pe3ynbTaThl JAaHHOTO UCCAE€A0BAaHUS UMEKOT
NPaKTUYECKYI0 3HAUUMOCTb /IJ1sI NOBBILIEHHS KaueCTBa KalIUTaJIbHOT'0 PEMOHTA CTA/IbHBIX KOJIEHYaThIX
BaJIOB /IM3€JIbHBIX 1 6EH3WHOBBIX JIBUTATeJed U YBeJUUYEHUS UX CPOKA IKCILJIyaTaLU K.

KiwueBsie cnoBa: KoseHuaThlil BaJl, 3/IeKTPOJIMTHO-IIJIa3MeHHass MoAudUKallys, yCTaJl0CTHas
NPOYHOCTB, KAIMTAJbHbII PEMOHT, UHXK€HEPHBIM aHaJIN3.
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