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ANALYSIS OF CONSTRUCTIVE FACTORS AFFECTING
THE FATIGUE STRENGTH OF METALLURGICAL EQUIPMENT PARTS

Annotation. The causes of fatigue failure of metallurgical equipment parts were analyzed. The
correlation between the effect of the quality of surface treatment of the part on the fatigue
strength has been established. The influence of local stress concentrators on fatigue strength
has been determined. Recommendations for increasing the fatigue strength of the finished part
were given.
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Statement of the problem

The specific conditions of operation of metallurgical equipment, caused not
only by dynamic loads, but also by the specialties of the course of the technological
process, require attention when designing their units considering reliability and
trouble-free operation [1].

In addition to ensuring reliability during operation, the components of the
technological equipment must allow for easy adjustment, and in case of emergency
breakdowns, allow for quick replacement or repair of individual components or
parts, which in turn strengthens the already strict design restrictions in the
development of components and aggregates of the metallurgical complex [2].

On the other hand, in the system for assessing the technical condition of
mechanical systems according to individual risk indicators of their elements - risk
analysis - failures of individual nodes or parts are "ranked" depending on the level of
damage [3], i.e. the situation of advance planning of more extended service periods
for the most responsible parts of nodes of metallurgical equipment is economically
justified.

Thus, establishing the factors affecting the fatigue strength of parts at the
stage of their design is an important task, the solution of which will allow not only to
use materials more rationally, but also to extend the life cycle of the part as a whole.
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Analysis of recent research and publications

As you know, fatigue is a rather complex process of accumulation of material
damage under the influence of variable stresses. This process is gradual, extended
over time and leads to a change in properties, the formation of cracks, their
development and destruction. Its feature is that the accumulation of damage begins
long before the final loss of performance of the part and proceeds imperceptibly.
Statistical data show that the main reason for about 80% of equipment failures is
fatigue failure [4]. Thus, in terms of reliability and durability of metallurgical
equipment units, the problem of fatigue strength comes to the fore.

Cyclic loads are the main cause of fatigue failure. The parameters
characterizing any cycle of alternating stresses are shown in Figure 1.

Cycle asymmetry coefficients — R, or R, — is equal to the ratio (taking into
account the sign) of the minimum stress to the maximum [5]:

R, =2mn or R = mn D
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Depending on the value of the asymmetry coefficient, cycles are distinguished:
— symmetrical (R = -1, 6max=- Gmin, 6m=0);

— pulsating (R = 0, 6min=0, 6m=0,56max);

— asymmetrical (R = 6min/ Gmax, Omax#Ominy Om70).
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omax (Tmax), MPa — the greatest in terms of the algebraic value of cycle tension;

omin (Tmin), MPa — the smallest in terms of the algebraic value
of the stress of the cycle;
om (tm), MPa — average cycle stress
Figure 1 — Parameters characterizing the cycle of alternating stresses
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Endurance limit or fatigue limit is the maximum stress at which the material
does not break under an almost unlimited number of stress changes [5].

Endurance limits are determined experimentally. The most common type of
endurance tests under uniaxial stress is bending and strain tests.

The results of fatigue tests have a significant dispersion, so the construction of
fatigue curves is preceded by statistical processing of experimental data. Fatigue
curves (Fig. 2) are built in natural or semi-logarithmic coordinates based on the
results of testing samples of 15-20 samples at each load level [6].

Endurance limit depends on values o, and o,. The graphic interpretation of this
dependence is the diagram of the limit amplitudes (Fig. 3).

The meaning of the diagram of limit amplitudes is that if you set the point M
with coordinates om and o, that characterize the cycle (Fig. 3, a), then by location of
the point M you can evaluate the strength of the sample. The area of the diagram
below the curve is the safe stress area.
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Figure 2 — Fatigue curves in natural (a) and semi-logarithmic coordinates (b)

Schematic diagram is used for calculation purposes in practice since obtaining
a diagram of the limit amplitudes requires considerable time spent on testing
samples for various combinations of o and o,, (Fig. 3, b).
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Figure 3 — Diagram of limit amplitudes in natural (a) and schematic (b) types

The performance of metallurgical equipment units is usually determined by the
basic structures, such as various types of frames, casings [7], which consist to a
greater extent of the same type of parts, the strength of which is a decisive factor for
the life cycle of the entire unit.

It should be noted that the strength of parts under variable loads is always
lower than the strength of smooth samples. Therefore, when calculating the
durability of parts, it is necessary to take into account the influence of a number of
factors on the reduction of strength characteristics.

Purpose of the study

The fatigue life of parts depends on many factors, the main of which are the
size of the parts (scale factor), stress concentration, quality (roughness) of the
surface of the part. Durability also depends on the chemical composition of the
material, its structure, modes of thermal and mechanical processing, surface
hardening, temperature, aggressiveness of the environment, etc. The purpose of the
study was to establish the relationship between the influence of such factors as the
quality of surface treatment of the finished part and stress concentrators.

Statement of the main research material

Given the fact that fatigue crack initiation occurs on the surface or near the
surface layers [8], it can be concluded that the condition of the surface of the part
has a significant effect on the resistance to fatigue failure, and is one of the main
characteristics of the volumetric mechanical properties of the parts.
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Fatigue strength can be increased by improving the quality of the surface layer
by its plastic deformation (rolling, shot blasting, etc.) [9] or by thermal and
thermochemical treatment (surface hardening, nitriding, cyanidation, etc.) [10].

In the first case, the strengthening is created due to the compaction of the
outer layers and the introduction of residual compressive stresses into them, which
contributes to increased durability.

During thermal and thermochemical treatment, the structure, chemical
composition, and physical and mechanical properties of the surface layer change,
which also cause compression stresses [11].

Taking into account the effect of surface quality [12] on fatigue strength can be
performed by entering into the calculation the surface quality coefficient, which is
determined [5,13]:

'

B, =&, 2)
cFR
or
B, =E—R 3)

where 6'r 'k — endurance limit of samples with a given surface treatment;
or, Tr - endurance limit of carefully polished samples;

On the other hand, numerous experimental studies of parts show that in places
of sharp changes in the shape of the cross-section, in the presence of slots, leaks,
holes, grooves, etc., as well as in places of contact of parts, increased local stresses
occur (Fig. 4). Therefore, stress concentration should be considered as a local or local
increase in stress caused by a sharp change in the cross-section of the part and the
presence of macrodefects in the structure [14].

The strength of parts with stress concentrators under the action of static loads
practically depends on local stresses [15].

It is also worth considering that with cyclically changing stresses in the zone of
the stress concentrator, a microcrack is creating, which gradually develops into
macrocracks and weakens the cross-section of the part to such an extent that a
sudden brittle fatigue failure occurs [8].
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Figure 4 — To determine stress concentrators

Taking into account the influence of stress concentration on the reduction of
endurance is carried out by entering into the calculation the effective concentration
coefficient, which is determined [13]:

K =7 (4)

where or — endurance limit of smooth samples;
ork — the endurance limit of samples with stress concentrators and cross-sectional
dimensions are the same as those of smooth samples;

Numerical values of K, for the most typical stress concentrators are given in the
reference literature. In the absence of reference data, K, can be determined
approximately by the formula:

K, =1+q(a,-1) )
where q - coefficient of sensitivity of the material to local stresses, for structural
steels q=0,6-0,8;

o, — theoretical coefficient of stress concentration.

It is worth noting that when the size of the samples increases, the endurance
limit decreases, especially in the presence of stress concentrators. This is due to the
fact that the natural increase in the size of the part increases the number of material
particles located near the surface and which are in the most stressed state. At the
same time, the probability of the presence of various defects in the surface layer,
which cause stress concentration, increases. With smaller parts, during mechanical
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processing, plastic deformation occurs to a relatively greater depth than with large
parts, which also contributes to an increase in fatigue strength.

Conclusions Therefore, when designing parts of metallurgical equipment,
taking into account the effect of stress concentration is possible by introducing the
sensitivity coefficient of the material (4). When varying the coefficient of sensitivity
of the material to local stresses in (4) in the numerical range from 0.6 to 0.8, it
causes a decrease in the fatigue strength of the finished part by 20-40% in relation to
smooth samples. Minimization of local stress concentrators such as holes, notches,
cutouts, protrusions, as well as sharp changes in the cross-section of the part, will
allow to increase the fatigue strength of the finished part in relation to the smooth
sample by at least 20%.
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AHani3 KOHCMpPYKmMueHuUXx (pakmopis, w0 eniuearms
Ha 6MOMHY MiuHicmb demanneii memanypeiiinozo 06J1a0HAHHSA

Cneyuciuni ymosu pobomu memanypeitiHozo 00J1a0HaHHs, 00YMO8JIeHI He MilbKu
OUHAMIYHUMU HABAHMAMCEHHAMU, d Ui 0cobaUBOCMAMU nepebizy MexHOo102iuH020 npoue-
Cy, 8UMAzarms y8azu npu KOHCMPYBAHHI IXHiX 8Yy3/i8 3 02190y Ha HadiliHicmb ma 6e3-
8i0M0B8HY pobomy. 3asuacHe naaHy8aHHs Oinbll NOO0BHCEHUX CMPOKi8 CYHOU HalibinbLU
gionogidanvHux demaJeii 8y3Jie MemasnypezitiHozo 00J1A0HAHHS € EKOHOMIUHO 0OTPYHMO-
8aHUM, Mo0OMO 6CMAHOBJIEHHS (hakmopie, Wo 8NaUBAI0Mb HA 8MOMHY MiyHicmb dema-
Jieli Ha emani iXHb020 NPOEKMYBAHHS € BAMIUBUM 3A80AHHSM, BUPIUIEHHS 1IK020 00380~
JUMb He MineKu OiIbll payioHanbHO 8UKopucmosysamu mamepianu, a i nodosxcumu
Hummesuti yuxa demarni 8 uiiomy.

Bmoma € 00801 CK1a0HUM Npouecom HaKONUUeHHs. NOWKOOXeHb mamepiany nio
8NJIUBOM 3MIHHUX HanpyxceHs. Lleli npoyec € nocmynosum, po3mszHymum y uaci ma
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npu3eodums 00 3MIiHU 81ACMUBOCMell, yme8opeHHI0 MPijUuH, iXHb020 pPO38UMKY ma pyli-
Hy8aHHs. M020 0coBMUSICMIO € Me, W0 HAKONUYEHHS NOWKOOHCEHb NOUUHAEMbCS 3400820
00 ocmamouHoi empamu pobomo3damHocmi demani ma nPomMikae HENOMimHo, Omice 8
po3pi3i HaditiHocmi ma 008208iUHOCMI 8Y3/1i8 MeMAnyp2iliH020 00/1a0HAHHS HA nepuiuli
niaH 8uxodums came npobaema MOMHOI MiyHOCMI.

BcmatosneHo, uio Ha 0o8zo8iuHicme demavseti MemasnypeitiHozo 00J1a0HAHHS 3HAY-
HO 8nusarmes maki pakmopu K AKicms 00poOKU No8epxHi 20mosoi demasi ma KoHue-
HMpamopu Hanpy1ceHs.

BusHaueHo, wo 8paxy8aHHs 8NauU8Y 1KOCMi N08epxHi Ha 8MOMHY MIYHICMb MOXHA
BUKOHAMU 88€0€HHSIM Y PO3PAXYHOK Koeiyienma sikocmi nosepxHi. KoHuenmpauiio Ha-
npyxceHb 8apmo po3sensdamu siK micyese abo J0KaabHe Ni08UUEHHS HANPYHCEHb, BUKIIU-
KaHe pi3KoW 3MIHOKW NnonepeuHo20 nepepizy demani ma HAs8HICMI0 Maxkpooegpekmis
cmpykmypu.

IIpu xoHcmpytoeaHHi demaneti memanypeziliHo2o0 001A0HAHHS 8PAXYBAHHS 8NJIUBY
KOHUeHmpauii HanpyxceHb Moxciuge 88edeHHIM Koepiyienma uymausocmi mamepiany.
Ipu eapiweaHHi KoegiyicHmy uymaugocmi mamepiany 00 Micyesux HanNpymeHsv 8 Uuc-
no8ux mexcax 6id 0,6 do 0,8 BUKNUKAE 3HUNCEHHS BMOMHOI MiYyHOCMi 20mo8oi demani no
gidHOWeHH 00 2nadeHbKux 3paskie Ha 20-40 %. MiHimMizauyis makux KOHYUeHmpamopie
Micyesux HaNpy#eHs KK 0Meopu, 6UMOUKU, 8UPI3U, BUCMYNU, A MAKOXC Pi3Ki 3MIHU NO-
nepeuHozo nepepisy demarsi, 003801ums hidsuwumu 8MoMHY MiyHicms 20moeoi demarni
no 8i0HOWeEHHO 00 21a0eHbK020 3pa3ka MiHimym Ha 20 %.
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