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ABSTRACT

A review of literature data on the problem of increasing the fatigue life of deposited parts operated under the simultaneous
action of various types of wear and cyclic mechanical loads is presented. It is shown that an increase in the fatigue life of
deposited parts can be achieved by rational selection and optimization of the chemical composition of surfacing materials, de-
velopment of the optimal design of deposited layers and the use of the technology of sequential surfacing of hard wear-resistant
layers and intermediate layers with high ductile characteristics.
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INTRODUCTION

The service life of machine and mechanism parts in
various industries depends primarily on their operat-
ing conditions and properties of the materials from
which they are made. Many of these parts are oper-
ated simultaneously under different types of wear and
cyclic mechanical loads of unequal varying intensity.
The combination of such operating conditions often
leads to premature and, sometimes, emergency failure
of expensive process equipment. The time spent on
replacing worn parts and subsequent reconfiguration
of equipment reduces labour efficiency and signifi-
cantly increases material costs.

This problem is particularly relevant for the min-
ing and metals and machine-building industries,
where high-performance equipment is used. Stopping
the equipment to replace worn parts leads to losses
caused from unproduced products that can be many
times higher than the direct costs on purchasing new
parts and replacing worn ones. These parts include
cold and hot forming rolls and dies; rollers for contin-

uous casting machines; parts of the support and rotary
devices of lifting machines and excavators; teeth of
large-module gears, etc. [1-4].

At the same time, many of these parts are depos-
ited during manufacturing or repeatedly restored by
surfacing methods after partial wear and reused [1].
In the course of further long-term operation under the
simultaneous action of wear and cyclic mechanical
loads, fatigue cracks can arise and propagate in the
deposited and base metal, causing accidental failure
of a part (Figure 1) [5].

The residual tensile stresses occurring as a result
of the effect of thermal surfacing cycle contribute to
the reduction in the cyclic fatigue life of deposited
parts. The intensity of fatigue damage accumulation
during cyclic loading of multilayer deposited metal
can also be negatively affected by its structural and
chemical heterogeneity.

In addition, during surfacing of hard-to-weld
high-alloy steels and alloys, on structural carbon and
high-carbon steels, which are also welded poorly,

Figure 1. Fatigue fracture of a deposited roll: « — appearance of the roll with bearing assemblies after fracture; 5 — macrostructure of

the crack initiation and propagation zone [5]
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Figure 2. Surfacing of zigzag (a) and sinusoidal () beads with gaps between them to inhibit fatigue crack propagation [16]

there is a probability of formation of various defects.
These defects can also serve as a source for initiation
of fatigue cracks. Moreover, an increase in the num-
ber of deposited layers causes not only an increase in
the probability of defect formation, but also in the lev-
el of residual tensile stresses, which can significantly
reduce the cyclic fatigue life of deposited parts [1, 2].
It should also be remembered that surfacing mate-
rials with a higher degree of alloying are often used to
increase the fatigue life and other operational properties
of parts, as the properties of the cast deposited metal
are usually inferior to those of a deformed metal of the
same chemical composition [1-4]. However, this ap-
proach causes a growing cost of surfacing technology
and the probability of forming defects in the deposited
metal and at its fusion interface with the base metal.

THE AIM OF THE PAPER

is to summarize the data on methods for increasing
the fatigue life of deposited parts obtained by the au-
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Figure 3. Dependence of welding stresses ¢ (3, 4) and deflection
strains f'(/, 2) in plates with dimensions of (8x120x900)-10° m
(dashed curves) and (30%120x900)-10° m (solid curves) on weld-
ing heat input [9]

thors of the article and other researchers; to develop
recommendations for their practical use in industry.

THE MAIN METHODS FOR INCREASING
THE FATIGUE LIFE OF DEPOSITED PARTS

An analysis of the literature data shows that one of the
most widespread methods for increasing the fatigue
life of deposited parts is surface hardening [6], heat
treatment [7, 8], reduction in the heat input of sur-
facing [9-11], etc. The mentioned operations reduce
residual tensile stresses or create compressive stresses
that contribute to an increase in fatigue crack resis-
tance [12—-15].

However, the depth of effect of most mechanical and
chemical types of surface hardening ranges from 0.03 to
2.0 mm, and heat treatment capable of forming a spec-
ified structure to a greater depth (from 3 to 100 mm or
more) is associated with significant energy losses and the
need in using complex and large-sized equipment.

It is suggested to use methods for inhibiting crack
growth, which consist in creating a system of other
cracks that are more favourably located and can sig-
nificantly reduce the value of tensile stresses. This is
achieved, in particular, during formation of each de-
posited layer by depositing beads along a sinusoidal
or zigzag trajectory (Figure 2) [16]. In this case, the
effect of crack inhibition due to intersection with oth-
er cracks is used. However, the prospects of this ap-
proach in terms of the fatigue life of a part as a whole
are rather doubtful, since it is almost impossible to
control and regulate the location and propagation of
cracks in the deposited metal. It is also impossible to
guarantee that these cracks, in turn, will not become
the beginning of fatigue failure.

Methods aimed at reducing the surfacing heat input
[15, 16] may be promising. This is explained by the
fact that a decrease in the effective heating power of a
product by the welding arc leads to a decrease in the
level of residual tensile stresses and strains (Figure 3),
as well as refinement of the deposited metal structure
as a result of an increase in the crystallization rate,
which has a positive effect on crack resistance.

In our opinion, the most promising way to increase
the fatigue life of deposited parts made of carbon
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Figure 4. Design of a multilayer deposited metal of a roll made alternately using materials with lower (3,) and higher (3,) elastic moduli [5]

structural steels is to use multilayer surfacing with the
sequential deposition of hard wear-resistant and duc-
tile steels and alloys.

In [17], to increase the fatigue life of parts, it is
proposed to use materials with different mechanical
properties for their surfacing, creating a kind of bar-
riers that help to inhibit the propagation of cracks or
arrest them completely due to the need in additional
energy consumption to overcome the boundary be-
tween the layers. Thus, when studying the effect of
surfacing on the fatigue resistance of bronze-steel bi-
metal, it was found that the fusion boundary of two
dissimilar materials acts as a barrier to crack growth
that initiated on the surface [2].

Some researchers [5, 14, 17 and 18] propose al-
ternating high-strength and ductile layers (Figure 4),
which, in their opinion, can arrest cracks oriented
perpendicular to the layer boundary. Thus, according
to [14], a composition consisting of 3 layers (20Kh-
6GMFS + 12GS + 20Kh6GMFS) sequentially depos-
ited one on top of the other has a higher crack resis-
tance than a homogeneous three-layer metal of the
20Kh6GMEFS type.

Studies in this direction, conducted at the PWI [2,
19-29], confirmed that an increase in the fatigue life
of deposited parts can be achieved by rational selec-
tion and optimization of the chemical composition of
materials for surfacing, development of the optimal
design of deposited layers and the use of surfacing
technology of intermediate layers with high ductile
characteristics.

In particular, fatigue tests of deposited specimens
without and with a sublayer with high ductility char-
acteristics showed that the fatigue life of specimens
with a sublayer was 40 % higher than that of speci-
mens without a sublayer [19, 20 and 23].

It was found that the cyclic fatigue life of 40Kh
steel specimens deposited using PP-Np-25X5FMS flux-
cored wire with a sublayer deposited using Sv-08A solid
wire with maximum compressive stresses from the
zero cycle of 600 MPa exceeds 2-10° cycles of stress
changes. The fatigue fracture kinetics of these speci-
mens showed that the main crack mainly propagates
along the fusion boundary of individual beads. No fa-

tigue cracks parallel to the main one were found, un-
like the specimens deposited without a sublayer. A fter
the crack passed through the wear-resistant deposited
layer and the sublayer, the specimens were fractured
along the base metal [19, 20 and 23].

Paper [19] presents the results of determining the
stress intensity factor (SIF) for the base metal (40Kh
steel), the sublayer metal deposited using solid Sv-08A
wire, and the wear-resistant layer metal deposited
using flux-cored PP-Np-25Kh5FMS wire. SIF is an
indicator of the stress intensity at the crack tip, and it
characterizes the operability of a particular metal in
the presence of cracks. It was found [19] that in the
wear-resistant deposited 2SKhSFMS metal, the fatigue
crack propagated unstably and its rate was constantly
changing in the range of values 10*-10"7 m/cycle (SIF
45-60 MPaVm). In the metal of the sublayer, the fa-
tigue crack growth rate increases by an order of mag-
nitude: up to 2-107-2-10"° m/cycle in the SIF range of
60—100 MPaVm. In the base metal of 40Kh steel, the
crack propagated steadily at a constantly increasing
rate of 6-107—7-10"° m/cycle until the specimen frac-
tured at SIF 140180 MPavm.

The analysis of the microstructure of the spec-
imens also revealed that the fine grain size of the
structure and a more uniform distribution of alloying
elements in the specimen deposited with a sublayer
of low-carbon rimmed steel 08kp, compared to other
specimens, as well as its high ductile properties, have
a positive effect on the resistance to fatigue cracking.
This explains the 2.4-3.0-fold increase in the fatigue
life of specimens with a low-carbon steel sublayer
compared to other specimens [19, 20, 23].

The comparative fractographic analysis of frac-
tures of multilayer specimens showed that specimens
deposited with a sublayer of low-carbon rimmed steel
08kp and a wear-resistant working layer of 25Kh5SMFS
steel, which have a fairly uniform fibrous fracture type
in the areas of the deposited and base metal, provide
the best indices of fatigue life. Fractures of multilay-
er specimens deposited with a sublayer of low-alloy
12K1MF steel and a wear-resistant working layer of
25Kh5MFS steel have a predominantly crystalline
nature and a high heterogeneity of the fracture sur-
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Figure 5. Fatigue life of deposited specimens before and after
repair: / — surfacing using PP-Np-25KhSFMS wire without a
sublayer; 2 — the same, with rimmed steel 08kp sublayer; 3 —
the same with 12Kh1MF sublayer [2]

face in the area of deposited metal, where there is a
large number of columnar precipitations of crystalline
type associated with the redistribution of carbon and
chromium. This nature of fractures leads to a decrease
in the fatigue life of multilayer deposited specimens
[19, 20, 23 and 29].

The authors investigated the possibilities of re-
pair (restorative) surfacing of specimens with fatigue
cracks [2]. It was found that the cyclic fatigue life of
40Kh steel specimens with a deposited wear-resistant
layer without or with a sublayer of rimmed steel 08kp
after restorative repair is 31-56 % of the fatigue life
of defect-free specimens after fabrication surfacing
(Figure 5).

It was proved that repair of multilayer deposited
parts after long-term operation, i.e. after the number
of cycles close to the fatigue life at fabrication surfac-
ing, is not effective, since it does not provide a sig-
nificant increase in the fatigue life after repair due to
the high level of accumulated fatigue damage in the
wear-resistant deposited metal at a distance from the
repair site.

CONCLUSIONS

1. The analysis of literature data shows that one of
the most widespread methods of increasing the fa-
tigue life of deposited parts is surface hardening,
heat treatment and reduction in surfacing heat in-
put, which result in the reduction of residual ten-
sile stresses or creation of compressive stresses that
contribute to the fatigue crack resistance of the de-
posited metal.

2. Increasing the fatigue life of deposited parts can
be achieved by the rational selection and optimization
of the chemical composition of surfacing materials,
development of the optimal design of deposited lay-
ers, and the use of surfacing technology of intermedi-
ate layers with high ductile characteristics.
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3. It is shown that repair of multilayer deposited
parts after long-term operation, i.e., after the number
of cycles close to the fatigue life at fabrication surfac-
ing is not effective, since it does not lead to a signifi-
cant increase in the fatigue life after repair as a result
of the high level of accumulated fatigue damage in the
wear-resistant deposited metal at a distance from the
repair site.

REFERENCES

1. Ryabtsev, 1., Fomichov, S., Kuznetsov, V. et al. (2023) Surfac-
ing and additive technologies in welded fabrication. Springer
Nature Switzerland AG. DOI: https://doi.org/10.1007/978-3-
031-34390-2

2. Ryabtsev, [.A., Senchenkov, .K., Turyk, E.V. (2025) Surfac-
ing. Materials, technologies, mathematical modeling. Gli-
wice, Poland.

3. Czuchryj, J. (1991) Effects of arc surfacing on the fatigue
strength of shafts. Welding Inter., 5(11), 867-870. DOI:
https://doi.org/10.1080/09507119109446804

4. Gulakov, S.V., Chigarev, V.V., Ivanov, V.P. et al. (2004) Im-
provement of technology for hardfacing of metallurgical
equipment components. The Paton Welding J., 10, 48-51.

5. Ivanov, V.P,, Stepnova, Yu.A. (2015) Improvement of tech-
nology for hardfacing of standard hot rolls by heteroge-
neous working layer. Visnyk PDTU. Seriya: Tekhnichni
Nauky, 31, 98-105. DOI: https://doi. org/10.31498/2225-
6733.31.2015.71147

6. Dudnikov, A., Dudnikov, 1., Kelemesh, A., Gorbenko, O.
(2019) Improving the technology of part machining by surface
plastic deformation. Eastern-European J. of Enterprise Tech-
nologies, 6(1), 26-32. DOI: https://doi.org/10.15587/1729-
4061.2019.183541

7. Makhnenko, V1., Shekera, V.M., Kravtsov, T.G., Sevryukov,
V.V. (2001) Effect of subsequent mechanical treatment on re-
distribution of residual stresses in surfaced shafts. The Paton
Welding J., 7, 2-5.

8. Zakharova, 1. (2024) Welding processes in the restoration
of industrial and energy facilities. Machinery & Energet-
ics, 15(1), 56-64. DOI: https://doi.org/10.31548/machin-
ery/1.2024.56

9. Chigaryov, V.V., Shchetinina, V.I., Shchetinin, S.V. et al.
(2009) Increase of crack resistance of shrouded traveling rolls
in high-speed hardfacing. The Paton Welding J., 1, 22-25.

10. Shchetinin, S.V. (2016) Improvement of crack resistance of
banded supporting rolls at high-speed surfacing with low
heat input. The Paton Welding J., 8, 10-14. DOI: https://doi.
org/10.15407/tpw;j2016.08.03

11. Krukovich, M.G., Klochkov, N.P., Savelieva, A.S. (2014)
Ways for improvement of service life of parts restored by sur-
facing methods. Novye Materialy i Tekhnologii v Mashinos-
troenii, 20, 45-50.

12. Brodovoj, V.A., Gushcha, O.I., Kuzmenko, A.Z., Mikheev,
P.P. (2001) Interaction of residual stresses in the zones of
stress concentrators and fatigue cracks. The Paton Welding J.,
9, 42-43.

13. Gopkalo, A.P., Klipachevsky, V.V. (2015) Effect of surfacing
on stress-strain state of rollers of machines for continuous
casting of billets. The Paton Welding J., 5-6, 140—141. DOI:
https://doi.org/10.15407/tpwj2015.06.31

14. Brodovoj, V.A., Mikheev, P.P., Knysh, V.V. et al. (2003) Ef-
fectiveness of fatigue crack retardation by the field of com-
pressive residual stresses. The Paton Welding J., 8, 49-50.




METHODS FOR INCREASING THE FATIGUE LIFE OF DEPOSITED PARTS

15. Samotugin, S.S., Leshchinsky, L.K., Mazur, V.A., Samotu-
gina, Yu.S. (2013) Tool materials: properties and hardening.
Mariupol, PGTU.

16. Leshchinsky, L.K., Samotugin, S.S. (2005) Lamellar surfaced
and hardened compositions.Mariupol, Novyi Mir.

17. Dombrovsky, F.S, Leshchinsky, L.K. (1995) Serviceability
of surfaced rolls of billet continuous casting machines. Kyiv,
PWI.

18. Korotkov, V.A., Chubelov, V.A. (2000) Depositing con-
tact[loaded surfaces with alternating hard and soft sections.
Welding Inter., 14(9), 722-724. DOI: https://doi.org/10.15
407/10.1080/09507110009549257

19. Ryabtsev, 1.0O., Knysh, V.V., Babinets, A.A., Solovei, S.O.
(2022) Fatigue life of surfaced parts. Kyiv, Interservice.

20. Ryabtsev, 1.A., Babinets, A.A., Ryabtsev, L.I. (2016) Fa-
tigue life of multilayer hard-faced specimens. Welding Inter.,
30(4), 305-309. DOI: https://doi.org/10.1080/01431161.2
015.1058004

21. Ryabtsev, .A., Senchenkov, 1.K. (2013) Theory and practice
of surfacing works. Kyiv, Ekotekhnologiya.

22. Senchenkov, I.LK., Chervinko, O.P., Ryabtsev, [.A. (2015) Cal-
culation of fatigue life of cylindrical parts at multilayer sur-
facing and service cyclic thermo-mechanical loading. The Pa-
ton Welding J., 5-6, 134-139. DOLI: https://doi. org/10.15407/
tpwj2015.06.30

23. Senchenkov, LK., Chervinko, O.P., Ryabtsev, [.A., Babi-
nets, A.A. (2014) Determination of the service life of hard-
faced components under thermal and cyclic loading. Weld-
ing Inter, 28(1), 80-84. DOI: https://doi.org/10.1080/095
07116.2013.796661

24. Babinets, A.A., Ryabtsev, .A., Kondratiev, .A. et al. (2014)
Investigation of thermal resistance of deposited metal de-
signed for restoration of mill rolls. The Paton Welding J., 5,
16-20. DOL: https://doi.org/10.15407/tpwj2014.05.03

25. Barvinko, A.Yu., Knysh, V.V., Barvinko, Yu.P., Yashnik, A.N.
(2012) Development of surface crack-like defect in welded
joints of 06GB-390 steel at cyclic loading. The Paton Welding
J., 5,40-42.

26. Knysh, V.V,, Solovei, S.0. (2013) Increase in fatigue resis-
tance of welded joints with accumulated fatigue damage.
Visnyk TNTU, 3, 189-197.

Contacts
E.O. Paton Electric Welding Institute of NAS of Ukraine
11 Kazymyra Malevycha St., Kyiv, 03150, Ukraine
tel./fax: (38044) 205-23-90,
E-mail: journal@paton.kiev.ua

27. Knysh, V.V. (2014) Method of calculation assessment of cy-
clic crack resistance in metal cyclic elements taking into ac-
count the influence of welding residual stresses. In: Fracture
mechanics and physics of construction materials and struc-
tures. Ed. by Y.Y.Luchko. Lviv, Issue 10, 239-250.

28. Knysh, V.V,, Solovej, S.A., Nyrkova, L.I. et al. (2016) Im-
provement of cyclic fatigue life of tee welded joints by
high-frequency mechanical peening under the conditions of
higher humidity and temperature. The Paton Welding J., 3,
19-24. DOI: https://doi.org/10.15407/tpwj2016.03.02

29. Ryabtsev, 1.O., Babinets, A.A., Student, O.Z. et al. (2022)
Substantiation of the choice of materials for surfacing based
on the fractographic analysis of fatigue fractures. Mater. Sci.,
58(1), 126-134. DOLI: https://doi.org/10.1007/s11003-022-
00640-8

ORCID

[.O. Ryabtsev: 0000-0001-7180-7782,
A.A. Babinets: 0000-0003-4432-8879,
L.I. Ryabtsev: 0000-0001-7550-1887,
[.P. Lentyugov: 0000-0001-8474-6819

CONFLICT OF INTEREST
The Authors declare no conflict of interest

CORRESPONDING AUTHOR

1.O. Ryabtsev

E.O. Paton Electric Welding Institute of the NASU
11 Kazymyr Malevych Str., 03150, Kyiv, Ukraine.
E-mail: ryabtsev39@gmail.com

SUGGESTED CITATION

I.O. Ryabtsev, A.A. Babinets, I.I. Ryabtsev,

L.P. Lentyugov (2025) Methods for increasing the
fatigue life of deposited parts (Review).

The Paton Welding J., 7, 23-217.

DOI: https://doi.org/10.37434/tpwj2025.07.04

JOURNAL HOME PAGE
https://patonpublishinghouse.com/eng/journals/tpwj
Received: 27.11.2024

Received in revised form: 12.02.2025
Accepted: 08.07.2025

CONFERENCE

“Welding and related technologies
for the restoration of Ukraine”

Kyiv, November 27, 2025
E.O. Paton of Electric Welding Institute of the NASU

Conference topics:

m arc welding and surfacing processes;

m beam and plasma technologies of welding, surfacing and
coating;

m hybrid welding processes;

m 3D additive technologies for the production of metal products;
m special electrometallurgy;

m materials science in welding and related technologies;

m non-destructive testing and technical diagnostics.

27




