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Abstract.

The results of experimental investigation of way wheel failures and strength anisotropy dueoiting

contact fatigue are presented. The results inditeteplasticity acts to concentrate regions orise hardening near the
edges of contact. The determination of overall raedtal properties of small-scale volumes frequendyes on the
indentation technique. Strength characteristiahefwheel material were investigated by dynamieivdtion method and
portable dynamic indentation tester was used fodriess measurements. It was found that some chesdict force
values of the instrumented hardness test are vellycarrelated to tensile strength.

Keywords: wheel-rail, contact, hardness, strength.

Introduction generally is determined by some or all of the foileg
parameters:
Life assessment of railway wheels needs to study e resistance to wear;

different factors that are typical to these composi§l]. It
is a well-known fact that the yield strength canhetthe
only measure to quantify the fatigue strength ofeglh
material since increased brittleness and mateébats
may reduce the fatigue strength [2]. The materifilalso
experience strain hardening and at the same timglesi
constants such as hardness or yield limit will bevan to
characterize the fatigue behavior sufficiently wdl.
After a finite number of load cycles, when plasticains
are initiated, a purely elastic response is achievénis
phenomenon is known as tkbakedown limi{4]. If this

e resistance to fatigue;

e optimization of contact geometry for stability

and noise reduction.

Among these, wear and fatigue play a major role,
particularly because of the large contact stredssaalling
observed in the wheel rail top contact (Fig. 1)e Tormer
creates debris and change in wheel — rail profite latter
produces cracks that may develop into collapsiaikire.
Hence, to gain parameters that are relevant forefimoy
mechanical contact problems, including high degrees
strains, indentation experiments appear particularl

limit does not occur, additional plastic strain issyitable. Some methods for the determination ofdyie

accumulated, material exceed ductility and will toup.
Wheel - rail contact pressures beneath the shaketimit
are expected to be “safe”, i.e. the stress cycli ba
ultimately elastic, resulting in a very long fateuife.
Above the shakedown limit there will be plastic wlo
leading relatively quickly to failure. In practicthere are

strength and ultimate strength of materials that tzased
on indentation measurements with various indertiexse

been developed in past years [5]. Anisotropy ofwiheel

material is discussed and test results are prabetae
quantify these effects.

other factors such as wheel flats, surface roughnesgackground

friction, etc., which can lead to failures even whihe

wheel — rail contact pressure is nominally belove th

To minimize damage on train and track, the

shakedown limit. Performance of rails and wheelsyheels have to be tested in a set of experimerttichw
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define their reliability and economics [6]. Whed&lave to  to around 8 % Brinell tests), this may explain whig not
be machined or replaced as soon as possible tadgef  more significant than yield limit.
all transformed volumes and cracks. Wheel replacéme The most characteristic reason of technical state
and tuning induce large costs and it is therefoueial to  change of mechanical parts of the rails is wearing.
find solutions to the problem. Several steps cdimeleéhis  Nowadays the most widely used wheel in Lithuanid an
cycle of testing. Ones of the most important areRussia are rolled wheels [10]. The weight of sutteeV is
maintenance and strength testing [7]. They defirmarw 385 kg. The diameter of currently used wheels miages
intensity of separate joints and parts, their wiiglamics, is 950 mm, the diameter of the wheel that were
the possibility of repairing, accessibility, etha@acteristic manufactured in the past is 1050 mm. Rolled whaets
reasons of gradual alteration of technical stateveear, manufactured from carbon steel, with 0.52 — 0.630%6
fatigue, materials aging, surfaces obstacles,8tc [ carbon. Hardness is not lower than 248 HB unitpdch
toughness is not less than 0.2 M3/m

F
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Fig. 2. Elastic strain in rolling wheel — railway contatypical
width of the wheel flats is 10 — 40 mm. The maidhat is
sheared off during the slide often piles up justibe the contact

Fig. 1. Surface damage due to surface initiated fatigue: area, but usually it halls off during subsequetiing
a — railway-wheel contact; b — surface damage oéeltiread
resulting from surface-induced cracks; ¢ — damagan Yield of ductile metals is usually taken to be

governed by either Tresca maximum shear stresionit

~ Normally, after industrial heat treatment wheelg, yon Misses strain energy criterion [11]. In wdidd
materials are anisotropic, microstructural gradiemécur yoqion principal stresses awe,=o, and o,=0,=0.

and strength test samples data shows a strong dkepen N ) )
on the local microstructure and cannot be quaivébt Critical maximum shear stress is equaldg/ 2. Tresca
compared to specimens of homogenous medium carb@piterion thus suggests that in pure shear the nnhtsill
steels. This fact is of great importance becausehenécal  yield at a shear yield stress whose magnituge is given
pharactenstlcs of t_hereby ob'galned materlallaterlased by r.=c,/2. On the other hand, von Misses strain
in a fatigue design [9]. Yield strength is the main max Ty )
parameter for the characterization of plastic bahvaut  €nergy criterion depends on the value of the exsfas
determines, together with the fracture toughnesd an(c,-o,)’ +(c, —o,) +(05— o, ). In pure shear the von
critical tensile strength the load carrying capacdf \isses condition predicts and o, are related by
materials. For massive samples, it can be obtafread max Y
tensile or compressive tests, but for small volurees 67.,=2c7: it follows that 7, =o, /3. Although
standard measurement method does not exist asd@y  careful experiments on metallic specimens tencufipsrt
difficult to obtain accurate values. Indentatiosttis one of yon Misses criterion, the difference in predictianfsthe
the most popular techniques to measure the mealaniqwo is not large and in practice it is often coesetl quite

properties of small volume of materials due itspioity.  acceptable to use whichever criterion leads to tgrea
The analysis of indentation results, however, isyve gjgebraic simplicity.

ambiguous because of the complex indentation sfielss Wheels have key importance for safety of the
beneath the indenter, so that it has usually besed in  yehicle and special care is needed in order torertheir
comparing materials properties qualitatively. ~Sincestrength. The development of the vehicle industas h
indentation hardness takes necessarily into acconhft  strongly influenced the loading level, material imeuical
monotonic components of strain hardening (corredip@n  properties selection and manufacturing processeseéls
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[12]. An element of the railway (Fig. 2) originally indenter without disassembling the rails, was for first
undeformed undergoes shear at points before maming time employed by a Russian engineer P. Kubasov in
a region of pure compression. As it emerges froersthain  approximately 1903.
zone there is an element or reverse shear, unghiins
its original shape.

The shear stress produced on the contact area of
the wheel and rail is:

1/2
Fa
= 1
Tmax ( R j ( )

where F,, is dynamic wheel — rail loadR is radius of

the wheel. From the viewpoint of stresses causeiis,

reduction of the diameters of the vehicle wheels is
unfavorable because with the reduction of the wheel
diameter contact stress between the wheel and dihe r

Fig. 3. Kubasov indenter to check the carriages’ qualjty b
hardness method application: 1 — nut;

increases. In order to counterbalance this harrefigct, 2 - grade; 3 — frame; 4 — conical i”de”@ﬂzgoo)
rails of higher tensile strength are used, whichtum
might have a stronger tendency to be brittle. Redlel In Fig. 3 conical Kubasov indenter is shown. It

tends to be brittle also with decreasing tempeeatl@ihis ~ consists of threaded nut 1, which external surfamesists
embrittlement takes places in case of consideriédteels  of approximate 200 even sections. When twistingitaim

at relatively high (10% to 20" C or even higher) rail the frame 2, it is possmle_to change conic indénta
temperature. Also the effect of manganese conterails ~ dePth, when indenting the indenter up to the nbésk
on their tensile strength is remarkable, becausetduhe surface.
increased vehicle load if is recommendable to Eeethe
tensile strength of the rails. Fnax Wt

In the case of 2D wheel-rail contact the condition
of plane strain deformation ensures that the stress
component o, is the intermediate principal stress.

Applying Tresca criterion thus involves equatinge th
maximum principal shear stress tq,, or o, /2, hence,

critical value of the peak pressurg, is given by

Po=3.3r . =1.670,. The corresponding value of the loading

Wel

Indentation loadF

g

mean pressurep,, is p, :% p, = 2.6r,,,,=1.30,, even

o . unloading
when some yielding has taken place, the scale ef th

changes of shape must be small. This is becausel ini
yield has occurred beneath the surface, so thapldstic
zone is still totally surrounded by a region in i h h
stresses and strains are still elastic. From [1&] can see
that hardnesdd calculated from the size of the remaining
indentation after unloading agrees reasonably wigi the Fig. 4. Schematic representation of indentation load -ttdep
Tabor’s criterion: curve of elastic — plastic material§¢ stiffness, F,,,,-

hmax

Indentation deptth

maximum load,h, - maximum depthh, - interrupt

max

H=(3-33 2
( Jo, 2) depth, h, - residual depth)

(that is strictly valid for softer materials whiaklpon the
indentation, respond in a classical rigid - plastianner).
This proportionality factor is somewhat smallerrththat
of 4 estimated on the basis of analysis of the oreas
indentation curves [6]. The reason of this differeras
found for hard materials is related to an errothef strain
at the corrected indentation depth when elastit @athe
indentation is relatively large.
The mechanical state control (inspection) of

railway rails and axles, performed by indentingamical
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The hardness unit needs certain indenting force,
when indenting the indenter up to a definite depth.
recent years the methods of indentation work assess
indentation data with the use of the energy dissigbar
work done during the indentation [14]. In case of
measuring the indentation load — depth £ h) curve
instead of the residual imprint, hardness is uguidfined
as the mean contact pressure under the indentdrasthe
contact depthh, corresponding to the projected aréa
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must be derived from the — h curve (Fig. 4). The area the surrounding material. Fatigue crack initiatamwell as

under the loading curve gives the total wofk, done
during indentation, while elastic contributio,, , is given

by the area under unloading curve. Thus, plastickvi®
the difference between thes@/, =W, —-W,, . This work
of indentation method equates the conventional ress|
to the plastic work divided by the volume of thdemt

loadF
plasticareaA,  plasticvolumev,

_ plasticworkW,,

®3)

propagation of small cracks is mainly promoted hgas
stresses [19-22]. Once a millimeter-size crack basn
developed, its propagation is usually driven bystem. In
rolling contact loading, however, tensile streseésany
significant magnitude do not occur. Thus, a rollauntact
fatigue crack is normally propagated by shear s&es
throughout its entire fatigue life. From elasticplastic
indentation analysis is clear, that the largesiaslstress
occurs some 3-5 mm below the surface. It could theis
expected that a surface-initiated crack will befirmd to
the surface zone of high shear stress. In a laagesthe
cracks will deviate into a circumferential directioThe

In general, it was found [15] that for sharp (conemost basic parts of a wheel are the rim, disc ardf the

pyramid) indentation of an elastic — plastic matethe
loading response is governed By=Ch", where C is
constant,h is penetration depth ami~2. Thus we get:

hmax

W, = [Ch?dh=
0

max " ‘'max

3

Chd, Fouh

(4)

wheel (Fig. 6). The most difficult are the wheemri
operating conditions, especially the part whichsroh the

rail. During common inspection of the wheels, tigeots
under observation and checking is the corresporenc
the wheels elements dimensions to predefined norms;
wheels are inspected by defect scope; wheels aekel,

the middle part of the axis and braking platesimspected

by magnetic defect scope.

Alternatively, by taking the hardness to be based

on plastic strain done, then the work done shoddhe
work:

KFS
H=—™m 5
e (5)
where F,_._, is the maximum indentation load and is a

constant equal to 0.04...0.06 for sharp indentersalln
cases thed .. and H values are very similar.

area volume

end of sliding

sliding direction
a b [

Fig. 5. Scanning electron micrographs of scratch test riesldor

When taking into consideration that the rail wear wheel steel with different contact geomet®=260, 120 and 90

is radically defined by rail steel hardness, whigs found
out more later, this rail quality control methodpapently
becomes a perfect object for future investigation.

Specific cases in wheel —railway contact

degrees. Also apparent are the subsurface defanmmatnd
fracture associated with the indentation scratdtgss

Comprehensive axle inspection is performed:
e during forming and maintenance, while the

The formation of wheel flats in wearing and elements of the axle are repaired;

shearing, transformed volumes have been treatetthan

literature [16]. However, there are still many geobs to
be explained. The wheel/rail slide is a very coagikd
process. The maximum available friction force iremv
point of the thermal affected zone (Fig. 5) is pndipnal

to the loading component perpendicular to the serfand
friction coefficient according to basic solid meafes. If

shear stress in the wheel/rail surface layer i, higastic
strain occurs under the surfaces. Taking into atctie
factors treated above, the most important parasetext
influence material transformation during wheel #way

skidding are hardness and residual stresses [1Vjy
important properties, such as wear resistance amhese
related to those two parameters. Wheel surfaceafizgars

smooth on macro-scale will show roughness on micro- o

scale. When wheel/rail surfaces are pressed togethby
the largest asperities will initially be in contaahd at
higher pressures will take a larger portion of libeed than

¢ when the impressions and stamps of the last
comprehensive inspection on the end of axle neek ar
unreadable and unclear;

e when allowable micro-cracks, non-metallic
gaskets and other defects according the definechsare
removed,;

e after train disaster and accidents, checking of
axles of all the damaged carriage.

All damages of axles and their elements are
classified according two-digits decimal system, for
example 10, 11, 20, 21, 30, 31, etc. For damages
distribution according the types and location of
appearance, the classification is accepted, acwpmhich
damages of continuous rolled wheels, can be:

wearing;
) defects of rolling surfaces;
o cracks and fractures.
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13E €=€o+b(H—HO) (8)
flange __ [« ’
T
here g, is relative resistance to wear in annealed state,
is coefficient, depending on the steel microstrigtid, is

steel hardness in annealed state. A rail wheet#jlyi has
a wear life of about 240.000 km, which for a stadda

fright wheel is abouBx10’ loading cycles. Some of these
cycles ratchet the wheel steel until the metal lieacits
ductility limit.

rim (thread ~

wek

..... v Materials and experimental investigations

In order to analyze the amount of anisotropy, test
samples were taken from several locations and veraé
directions of the wheels. Mechanical charactesstaf
\ steels that are used for manufacturing of carriaaed
disc final fractUie axles must be as follows: ultimate strength

‘ | 0, =500-550 MPa, vyield strength o ,=400MPa,

relative elongationd~20% , enduranceoc ;=210-230
MPa, hardness according Brin¢llB=250. The steel must
not contain more than 0.03 % of phosphorus andhsulp

5-10 mm

¥ e

b Hardness alteration in an axle deff80+1 mm) must not
Fig. 6. Main geometry characteristics of the wheel (a) place exceed 20HB units. For steel mechanical properties
and depth of possible fatigue cracks initiation[(fj) (o-y 0,0 ) definition, tension type testing is used

Crack is defined b hani aﬁurrently. However for testing performing it is essary to
_fack appearance IS define y mechanicay e comprehensive, expensive tension device agé-la
properties of material — ratip/z,, here p is wheel ;o4 specimens manufactured for specific testing.

pressure onto a railr, - shear yield strength, MPa. The Moreover, it is impossible to perform testing wittho

more z,, increases, the more material damage propagatiq(tg'lsmantllng Const'ructlons' n operation. Railway ei;tg
y elongs to special application structural steelshwi

decreases. The approximate material valye can be exclusive technological or operational propertidtheels

defined from the measured hardness: (and rails) steel must be strong and resistant g¢arwit
must have 0.40 — 0.80 % of carbon, must be higherar
7,~10HV / 6 (6) With manganese (0.6 — 1.4 %).

Table 1. The main chemical composition (%), yield

here HV s hardr!ess according Vickers (in case Whe%trength, ultimate tensile strength and hardnegbtefail
steel hardness is not greater than K83 than and wheel materials

HV ~ HB). The centre of fatigue flow is situated under the

running surface of the wheel by 1/3 of the railheagth, Material Rail Wheel
i.e. to 11 to 24 mm from the running surface, abtheerail (GOST 24182-80) (GOST 10791-89
web. Cold hardening of steel on the running surface C 0.69 0.491
significant and up to the depth of 11 mm. Hydrastat S 0.045 0.039
pressure exists which gradually changes into tenaied P 0.035 0.039
reaches its maximum value at 5 to 11 mm. The oelatif Si 0.35 0.502
hardness and wear is based on the first phasedehier Mn 0.95 0.920
stamping correspondence with stamping process of Cr 0.25 0.308
abrasive grain. Testing has shown that relativistasce to Ni 0.29 0.302
wear ¢ for annealed steels is directly proportionalteitt 00y MPa 720 412
hardnessH , defined before testing: o.., MPa 1100 660
c=b H (7) HV (Vickers) 370 260
HB (Brinell) 363 250

here b is proportionality coefficient for structural and
some tooling carbon and high-carbsteels. For steels,
tested after hardening and annealing:

A batch of continuously casted wheels was
received from Radvilishkis carriage depot, SC “Ldhian
railway” (GOST 10791-89, grade 2, 9036 — 88, TY 894
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156 - 01124328). The wheels were supplied fromyisses yield can give up to 15.5@\/5) higher limit load

metallurgical factory NTMK/Erro Tpauc Treid from . .
Russia, Nizhnij Tagil and were turned locally. These value than Tresca [11], which would lead ¢e- 3.285 in
equation (2). All metallic engineering materialsspay

supplied to all SE SC ‘Lithuanian railway” axles . / X . . -
maintenance depots. Before a wheel flange was cmmeelastlc—plasnc strain hardening behavior that igiteq

mechanical state of the received wheels was checkéjdllf_ferent from rigid—plgstic npn—hgrdening matesial here
precisely, with defining mechanical propertieshe metal, EXIStS @ strong empiric relationship between hasslvalue
by the application of non-destructive testing ofchinical ~according Brinell KiB), hardness value according Vickers
properties. The most characteristic reasons fodgia (HY) and ultimate (strength) values in tension diagram

change of technical state of axle are wearing, fagigue, Which can be expressed by this formula:

materials aging, surface pollution, etc. For foaoless

rolling/sliding wheel-rail contact shakedown limgt four o,=kHB 9)
times the shear vyield stress of the rail materig]. [

Shakedown in repeated loading is the process wherelierek is proportionality ratio (0.2 k < 0.38).

plastic strain in the first cycles of load leadsatsteady A relation between strength and hardness value
cyclic state which lies within the elastic limit. h& according Brinell, in low carbon steel original tetaand
maximum load for which shakedown occurs is calleel t after short time of operation, is expressed as:

shakedown limit. In rail-wheel contact there areotw

processes that can contribute to this phenomerniostly- wherHB = 100 — 175 o,= 0.34HB,
protective residual stresses, and secondly, straidening whenHB = > 175 o,= 0.36HB.

of the material can raise its elastic limit. Theperties of

a typical rail material used in Lithuania and Ewrop For relative yield strength estimation the

countries are given in Table 1. The shear yielésstr fo|lowing formula can be applied:
(7max) Can be estimated from the yield stress ), given
in Table 1, using von Misses criterion: 04, =0.545HB-48 (10)
Trmax =002 | 3=277TMPa.
For low stamping forces application, when

(D zone L ~3C | (2 zone evaluating mechanical state, during defining hasdne
-1 value according VickerslV5 (stamping forcd= = 5 kG),
steel relation formulas are:

- ol2] c,=7.5 /% o, =0.25HV5 (11)

Hardness
impressions

For the evaluation of mechanical state of carriage
continuous by casted axles (in order to definestinength
and plasticity characteristics), the available destructive
methods, based on both static and dynamic hardness
measurements, are widely applied [17-22].

70

125

Fig. 7. Location on the wheel rim cross-section circueritial
hardness tests

Rail steel hardness, for repeated contact can bc -

made from the hardness value in Table 1, sinceneasd Fig. 8. Dynamic indentation devices, designed in Kaunas
testing results in plastic strain of about 0.88%;,=H /3 University of Technology, for non-destructive e\ation of

and thereforer,,,, =519MPa. For this material, taking the structures

latter value of shear yield stress, the shakedowwit | Together with static indentation methods,

(ps=4r,,, for frictionless sliding) is 2077 MPa. Von dynamic hardness measuring tools are widely emglaye
Misses vyield conditions are more representative opractice. For practical application of dynamic intiion
engineering materials then Treska. Although thp-lgie  method, in Kaunas University of Technology hardness
field theory can be applied to both types of yiedshdition, measuring tools of original design were develoggd. (8).
Tresca is generally selected as it leads to a simpl They are distinguished by small size, they do eouire
equation that can be solved analytically. Howewem  special fastening and may be operated in production
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conditions without disassembling the constructidro  plasticity characteristics is a relative elongatinrtension
receive dynamic indentation, a spring system meshais  expressed as:

used. When an indentation diametér(mm) has been

measured by a carry microscope, it is possibleet®ive S=a(d/ D, tang)” (12)
metal hardness value according BringlBj, further —
another strength characteristics. The indentation : .
. . ; . here ¢ and B are material constants, depending on
impression diameter was measured by a carry Brmeﬂ ) . o ) i
arithmetical average value was estimated. The leaslis ¢ is half-angle of the conical by the apex. In picect
estimated from the table, when calculated analjgicar ~ «=0.2 and =2 or f=(2n-3)/(n-1) [10] are assumed.
according to the constructed dependence curve.

Betweens and H'? | the hardness value in indenting a
40C conical 260=120
' fempéred
1 | '
- \\/ 94 5,=0.299-6.0510* H*° (13)
s Hee—31%0 ypa(< asompa) | . _
non- \ / ) d,fd_, als ? Table 3. Research results of mechanical charatitsrisf
o 3% tempered iy carriage wheel metals
5 N
§ 25 X Hardness
° N impression
‘ Wheel o]
© w/ . uts
& /\ No. code diameter| HB MPa Remarks
20¢ 4 dyig » MM
A N 1 | 131097 2.07 260| 598 g, =0.23HB
15¢ >4 \\ 2 | 131273 2.008 270 621
v ~ 3 128606 2.01 265 609.5
10 v/ 4 52014 2.08 252| 5794
819 20 21 22 2324 25 mm 5 52936 2.04 258 5934
6 181161 2.08 252 579.4
Fig. 9. Dependence curve defining strength limits based of 7 131116 2.07 260 598
indentation impression diameter, obtained accordiogthe 8 128876 2.05 253 581.9
performed dynamic indentation when indenting cdnilcdenter 9 52070 2.155 240 552
20-120 10 [ 52950 2.01 265]  609.1
11 | 52950(def] 2.13 245 563.5 25x25 mn
Hardness measuring tools help to research bollh12 52950(def) 2.2 264 | 6072 “m:tnstgf
small and big metal volumes, to perform testindiamdly defects
accessible locations of the construction, to rededocal
areas of welding seals. *Diameterd value of the indentation impressions in each zone
was estimated as the average value of 5 indentatipressions

. . values.
Results and discussion

This formula was used to make a data table and
%%pendence curve (Table 2, Fig. 9.) for a set eélst
Combining data given in Table 2 and the hardnefsega
in Fig. 7, it can be found that specimens with high
compressive stresses do not possess higher hardxless
Table 2. Results of hardness testing in cross-sectionef ththese observations suggest that residual stresmots
wheel (Fig. 7) necessarily correlated with the hardness determimed
Position 11 2] 3 2 5 6 1 7 indentation on wheel track. Residual compressiuesses
at the wheel surface due to manufacturing and tipesd
loading may tend to suppress shallow fatigue crack
initiation. Estimating methodology of relative elation

The deviation in hardness magnitudes is abou 5) is mechanical characteristics of axle elements —
8 %. The hardness decreases somewhat with depitv bel

wheel tread, probably due to the rim chilling, sed Strength and yielde,, .o, ) and plasticity characteristics —
hardening during manufacture and work hardeningndur i pased on real tension diagrarag (5) and recovered
operational loading. Further, material in the flang

harder than material in the wheel tread. In genera

The results of the hardness measurement are list
in Tables 2 and 3. In the case under analysis wetest
the specimens with hardness not greater tH850.

HardnessdV10 | 270| 272 267| 264 | 269 | 268 261

pardness diagranH (d/ D tang) similarities, which are
approximated according exponential functions:
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o, =bs™ (14)

H=B(d/ D tang)"’ (15)
here o, is real stresses in tension diagrah(HB,HV ) is
hardness units (stresses) in hardness diaghans, given
materials constantsy is a relative elongationfn and n

is strengthening ratios in tension and compression.

Table 4. The relationship between hardness vati&®
and relative elongation in tension

Hardness valud Elongation 120
NOI e pa 5?% No |_l\|/IPa, 0. %
1 [157 (1570) 20.3 6| 229 (22908.2
2 ]180 (1800) 21.2 7| 270 (2700p.4
3 ]189 (1890) 18.2 8| 297 (2979)6
4 1197 (1970) 18.6 9| 318(3180ap.8
5 1203 (2030) 17.6 10 340 (34Qa}.7

(brittleness), however for lower hardnelss 330HB), it

was slightly higher. This problem is presently unfilether
study and the results will be published in the rieture.

Conclusions

1. The material of railway wheels has been tested
and anisotropic properties have been studied. €halts
indicate that anisotropy, in terms of position beé ttest
specimens, exists. Material strength is of impargéarout it
is unclear which material parameters correlate e t
resistance against subsurface cracks.

2. The deviation in hardness magnitudes is about
8 %. Hardness decreases somewhat with the deptiwbel
wheel tread, probably due to the rim chilling, sod
hardening during manufacture and work hardeningndur
operational loading. Further, material in the flang
harder than material in the wheel tread.

3. To define wheels mechanical characteristics, a
dynamic indentation method was used, which allows t
define strengthsy,; and oy and plasticitys characteristics
within £ 8 % tolerance limits. The strength of a certain
volume of wheel material is dependent on its positin

The experiments have demonstrated that for axlehe wheel.

and rail miscellaneous structural steels, in cdsgreater

4. In the absence of fatigue test results, hagines

original hardness, the absolute ant relative irsgeaduces tests provide a sensitive measure of anisotropyalt also

under cyclical increasing shakedown and this iesalt of
the increase of absolute and relative hardness.

lead to the direct dependence between hardnesstguk
tests.

The greatest hardness increase, which appears

under cyclical shakedown, does not depend on the ¢f
the structure, and is the same for both gradetsies with

equal hardness, and flat grade structures. Thergela

hardness increase in beinitic structures can blaievga by
the strength due to plastic strain combination wviitle
strength, which is a result of remaining austenhiéasfer
into martensite. Hardness variation within the 181830 —
410HB has not influenced the resistance to impaetdyi

H® (HB),kG/mn?
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Fig. 10. The link between hardness value, when indenting

conical indenter20=120, H'?® and relative elongatiod, ,
in tension
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