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The research is devoted to studying the relationship
between the following characteristics of structural steels
used to manufacture suspension springs for freight
electric locomotives: hardness, residual deformation and
coercive force. The results of testing the elastic elements
of electric locomotive suspension for residual
deformation under static load have shown that their
optimal structure is troostite, which is formed during
medium tempering. It is the troostite structure formed
during medium tempering of pre-hardened steel that
allows obtaining the optimal ratio of elastic
characteristics of electric locomotive suspension elastic
elements during their operation under alternating loads.
The results of experimental studies prove that standard
methods of measuring coercive force can be used to
control and evaluate the final structure and mechanical
properties of the elastic elements of electric locomotive
suspension. Given that the quality control of springs for
hardness and residual deformation is almost 100%, this
allows for a significant reduction in the time spent on
control operations. The coercive force of spring steels
depends solely on their structural state. If there is a
decarburised layer on the surface of the springs, it has
practically no effect on the coercive force if the thickness
of this layer does not exceed the values established by the
applicable regulatory and technical documents. Thus, a
slight deviation of the coercive force of the elastic
elements of electric locomotive suspension from the
optimal values of coercive force established in this study
may indicate an excessive thickness of the decarburised
layer. The presence of surface cracks on the elastic
elements of electric locomotive suspension has no effect
on the coercive force. In this context, the nature and
mechanisms of crack formation are also irrelevant. The
results of the study show that the optimal coercive force

of the elastic elements of electric locomotive suspension,
which corresponds to their optimal hardness, can only be
determined on the basis of preliminary tests of the elastic
elements of electric locomotive suspension for residual
deformation. The latter parameter is the main
operational characteristic of springs, which can be used
to determine their suitability for use as elastic elements
in electric locomotive suspension systems. The results of
the research established a relationship between the
structure and residual deformation under static load of
elastic elements in electric locomotive suspension
systems.
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Introduction. Magnetic structural analysis is
one of the most advanced methods of non-
destructive testing of structural materials in modern
mechanical engineering [1, 2]. In particular,
magnetic structural analysis can be extremely
effective in controlling the quality of spring
structures. As of today, the most common method
of controlling the structure of springs is to measure
their hardness. However, in mass production, given
the geometry of spring coils, measuring hardness
causes certain complications [3]. These
complications can be easily overcome by replacing
hardness measurement with coercive force
measurement. It is known that for most structural
steels there is a clear relationship between their
hardness and coercive force [4]. This is the basis for
the use of magnetic structural analysis for heat
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treatment quality control [5]. An important factor
here is that in order to determine the range of
optimal coercive force values, it is necessary to
know in advance the range of optimal hardness
value.

Requirements for spring hardness largely
depend on the conditions of their operation [6].
Even springs made of the same structural steel but
designed for different operating conditions may
have completely different hardness requirements. It
is important to note that different hardness will be
determined by different heat treatment modes and,
consequently, different structures. According to [6],
the main method of mechanical testing of springs is
testing for residual deformation under load. All
springs with excessively high or excessively low
residual deformation under load are rejected. Based
on this, it is advisable to establish a relationship
between the hardness of springs and their residual
deformation under load. This will allow us to clearly
determine the range of optimal or acceptable values
of spring hardness. After that, it will be possible to
experimentally determine the range of optimal or
acceptable values of the coercive force of springs.
The availability of such data will make it possible to
replace the procedure for measuring the hardness of
springs and the procedure for testing springs for
residual deformation with a much simpler and more
convenient procedure for measuring the coercive
force.

The objective. This research objective is to
develop a procedure for controlling the quality of
spring structures by measuring their coercive force,
which should replace the procedure for measuring
spring hardness and the procedure for testing
springs for residual deformation under load.

Research problem. 1. To determine the
relationship between spring stiffness and their
residual deformation under load. To determine the
range of optimal spring stiffness values.

2. To determine the relationship between
spring stiffness and their structure in order to
determine the optimal spring structure.

3. To determine the relationship between
spring stiffness and their coercive force. Determine
the range of optimal values for spring coercive
force.

Research methodology. Residual deformation
was determined on the springs 8TN 281.319 of the
suspension of the 2EL5 electric locomotive in
accordance with DSTU 1452-96 (fig. 1). The
diameter of the spring coils is 42 mm, the material
is 58CrV4 steel (EN 10060).
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Fig. 1. Diagram of testing 8TN 281.319 springs for
residual deformation under load

Residual deformation tests were performed on
a P-125 hydraulic press. First, the spring is
compressed twice under a load of 100 kN. After the
load is completely removed, the height of the spring
is measured. The height of the spring after the first
test cycle should not change. Then the spring is
compressed under a load of 68.7 kN and its height
is measured in the loaded state.

A TK-type hardness tester was used to measure
hardness, a MIM-8 optical microscope was used to
determine the microstructure, and a KIMF-1
coercivity tester was used to measure coercive
force.

Results of experimental studies and their
analysis. Twenty springs were subjected to a
residual deformation test. All springs were hardened
in oil at a temperature of 860°C, followed by
tempering at a temperature of 350-450°C. The
absolute deviation of the actual residual
deformation of the springs from the nominal value
of this deformation (77 mm) should not exceed + 7
mm and -5 mm. At the same time, no residual
deformation of the springs is allowed after the load
is completely removed. The residual deformation of
springs Nos. 1, 6, 12, 15, 19 does not meet the
regulatory indicators (table 1). Depending on the
magnitude of the residual deformation under load,
all springs that have failed the test can be divided
into two separate groups. The first group includes
springs whose residual deformation under load is
less than the lower limit of 72 mm (springs Nos. 6,
19). The second group includes springs whose
residual deformation under load is greater than the
upper limit of 85 mm (springs Nos. 1, 12, 15).
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Table 1
Results of experimental studies
Surface f (Eoer(;l;zem
Residual |hardness /| Structure oroe, A6
No. of . . (before/after
. deformatio| hardness | (tempering
springs . removal of the
n(f), mm | inthe |temperature) .
decarburised
core, HRC
layer)
Troostite
1,12,15| 86-88 36 __33%/35 and sorbite 55%__5522/
(450°C)
Troostite
48 - 50 /47 and 68 - 70/
6,19 68 -71 -49 martensite 68 -70
(350°C)
Tgf It gy |[42-44/41| Troostite | 58-60/
. ” -43 (400°C) 58 - 60
springs

Springs with increased residual deformation
under static load have relatively low hardness,
which corresponds to a troostite-sorbitic structure.
Springs with reduced residual deformation under
static load are characterised by increased hardness,
which is typical of a troostite-martensitic structure.
Springs with normal residual deformation values
have a hardness corresponding to a troostite
structure. Thus, the optimal spring structure, at
which the required residual deformation values of
springs under static load are achieved, is troostite
tempering with a hardness of 41-43 HRC. This
structure corresponds to a coercive force of 58-60
Alcm.

In the second stage of the research, the
influence of the decarburised layer on the coercive
force was analysed. The decarburised layer is
formed when the springs are heated during
hardening. Its depth depends on the composition of
the atmosphere in which the heating takes place. In
this study, springs were used that were heated
during hardening in air, without the use of any
protective gas environment. Under such heating
conditions, the maximum depth of the decarburised
layer is usually observed, which, nevertheless, does
not exceed the values regulated by the current
standard (DSTU 1763-98). According to this
standard, the depth of the decarburised layer should
not exceed 2.5% of the diameter of the rolled
product. Springs with a troostite and sorbite
structure, in which excessive residual deformation
under static load is observed, contain a decarburised
layer with a depth of 0.4-0.5 mm (fig. 2). A
decarburised layer of the same depth is found in
springs with a troostite and martensite structure (fig.
3) and troostite structure. It is characteristic that in
all cases, after removing the decarburised layer by
grinding, the coercive force remains almost
unchanged (table 1). Therefore, it can be reasonably

concluded that the presence of a decarburised layer
on the surface of springs does not affect their
coercive force, provided that the depth of the
decarburised layer does not exceed the values
specified by the current standard. This means that
coercive force measurements can be taken
immediately after the springs are released, before
they are ground.

Fig. 2. Decarbonised layer in springs with
a troostite and sorbite structure, x 300

Fig. 3. Decarburised layer in springs with a troostite
and martensite structure, x 300

Conclusions. 1. The optimal spring structure,
at which the specified values of their residual
deformation under static load are achieved, is a
troos-tit with a hardness of 41 - 43 HRC.

2. A correlation between the hardness and
coercive force of springs has been established. The
optimal hardness of springs corresponds to a
coercive force of 58 - 60 A/cm.

3. The presence of a decarburised layer does
not affect the coercive force of springs if its depth
exceeds the values established by the current
standard.
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leBuenko O.B., 3inuenko .M. JocaixxeHnns
B32€MO3B’SI3Ky MiXK CTPYKTYPOIO Ta KOEPHUTHBHOIO
CUJIOI0 MPYKUHHHUX CTaJIel JJIsl pO3POOKH METOAUKH

HepPYHHIBHOTO KOHTPOJII0 TNPY)XKHUX eJIeMEHTIB
NiABiCKM eJ1eKTPOBO3iB.
Hocnioscenns npucesiuene BUBYEHHIO

830EMO38 "A3KY MIdHC HACMYNHUMU XAPAKMEPUCHUKAMU
KOHCMPYKYIUHUX cmaneil, 3 AKUX BULOMOBIAIOMbCS
npyJcUnY  RIOBICKU — GAHMAIICHUX — €/leKMPOBO3IE:
meepoicmo, 3anIUuKo8a degopmayis ma KOepyumueHa
cuna. Pezynomamu eunpobyeans npysxcHux enemeHmis
nioBICKU eleKmpo803i8 HA 3AIUUKO8Y dedopmayiio nio
CMamuyHUM HABAHMANCEHHAM 00380NUNU BCIAHOBUMU,
Wo IXHbOIO ONMUMANLHOI CIMPYKMYPOIO € MPOOCHUM,
Wo ymeopiolomucs npu cepednvomy eionycky. Came
CMPYKMypa mpoocmumy, wo Ymeopoemvcsa y npoyeci
cepedHb020 8IONYCKY NONEpeoHbo 3a2apmoeaHoi cmaii,
00360719€  OMPUMAMU  ONMUMATbHE  CNIBGIOHOWEHHS
NPYICHUX — XAPAKMEPUCMUK — NPYHCHUX — eleMeHmis
nioGiCKU eeKmpo8o3ie npu ixHitl excniyamayii 6 ymoeax
3HAKO3MIHHUX HABAHMAIICEHD. Pezynomamu
EeKCNEePUMEHMANIbHUX O0CHI0NCEHb 008005mb, WO OIS
KOHMpONo ma OYiHKU KiHyegoi cmpykmypu ma
MEXAHIYHUX — 8ACMUBOCHEU  NPYIUCHUX — eNleMEeHMmI8
nioBICKU — eleKmpOBO3I8  MOJCHA — BUKOPUCIOBYBAMU
CcmManOapmHi Memoou GUMIPIOBAHHI KOEPYUMUBHOI CUTLU.
3 ypaxysauuam moeo, wo KOHMpPoab AKOCMI NPYHCUH 34
meepoicmio ma 3aIUuKo8or depopmayicto € maudxice
CMOBIOCOMKOBUM, Ye O003601AC CYMIMEBUM  HYUHOM
cKOpomumu umpamu 4acy Ha KOHMPOJbHI onepayii.
Koepyumuena cuna npyscunnux cmaneii 3anexcums
BUKTIIOYHO GI0 IXHbO2O cmpyKmypHo2o cmany. Axwo na
NOBEPXHI NPYICUH € HAABHUM 3HEBY2NIeYbOBAHULL LAD, 8IH

He YUHUMb NPAKMUYHO HIAKO20 8NIUBY HA KOEPYUMUBHY
cuny, SAKWO MOSWUHA UYbO2O WAPY He Nepesulyye
3HAYEHb,  6CMAHOGNEHUX  OIOYUMU  HOPMATNUGHO-
mexHiyHUMU OoKymenmamu. Takum 4uHOM, He3HaAuHe
BIOXUNEHHSI KOEPYUMUBHOT CUNU NPYICHUX eleMeHmMIs
niogicku  eleKkmpogosie  no  GIOHOWEHHIO 00
ONMUMATLHUX 3HAUEHb KoepyumueHoi cunu,
B6CMAHOBNEHUX Y YbOMY OO0CAIONCEHHI, MOJICe CBIOYUmMuU
npo NOHAOHOPMOBY MOBUIUHY 3HEBY2IeYbOBAHO20 UWADY.
Hassnicme  nosepxnesux  mpiwun Ha  NPYIHCHUX
eneMeHmax niogicKu e1eKmpo8osie He YUHUMb HCOOHO20
8NIUBY HA KoepyumusHy cuny. B yvomy xonmexcmi
MAaKodiC He Maiomv HCOOHO20 3HAYEHHS Npupood ma
MexauizMu  YymeopeHHs mpiwuH. 3 pe3ynvmamis
00CNONCEHHsT BUMIKAE, WO ONMUMATLHA KOEPYUTNUBHA
CULA NPYIHCHUX eNeMeHMax Ni08iCKU eneKmpososis, aKa
8I0N06I0ac IXHIll ONMUMATLHIU MEepooCmi, Modce bymu
BUBHAYEHA JTUUle HA OCHOBI NONEPeOHiX GUNpoOY6anb

NPYIUCHUX — elleMenmax MNi0GicKU — eleKmpoeo3ie  Ha
sanuuikogy  degpopmayito.  Ocmauniti  napamemp
npeocmaenic  cobol  OCHOBHY — eKCHLYamayiuHy

Xapaxmepucmuxy npysiCUuH, 3a AK00 MOACHA GUIHAYUINU
MOJACIUBICNG IXHHO20 BUKOPUCTAHHS 8 AKOCI NPYIHCHUX
enleMenmie nidgicKu enekmpogosie. 3a pesyrbmamamu
00CNiONCEHb  6CMAHOBIEHO  B3AEMO38 30K MidiC
CMPYKMYypo ma 3aiuuikogor  Odegopmayicio  nio
CMAMUYHUM  HABAHMANCEHHAM NPYICHUX eNeMEeHMIs
nioGiCKU eeKmpo8o3Ia.

Knrouoei cnoea: NPYACUHU, 3AMUUKO8A
Odegpopmayis,  KoepyumugHa  cuia, — mMEepoOiCmb,
mpoocmum.
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