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STUDY OF DAMAGE TO VAE CROSS CROSSING

The paper considers issues related to the reliability of railway switches. In
particular, the quality of the steel used in the switch elements is investigated. The
Latvian Railway operates more than 1,500 level crossings of profile 60 E1. According
to the regulatory documentation of the Railway Administration, the planned repair
of the transition to the main roads will be carried out with a transverse tonnage of
> 450 million tons. But on average, after the total passage of 115 million tons, there
are blurring of borders and cracks at the crossings. After melting, the crucifix should,
on average, pass a total load of no more than 10 million tons. The core of these
transitions is polymetallic, consisting of two-component steel. The crucifix is made of
350 HT grade tracked steel with a carbon content of 0.72—0.77 %. The surface with
a thickness of about 20 mm is made of Hadfield steel.

Keywords: steel, Hadfild steel, electrodes, current, transverse, wear, crouts,
sparning threshold, defrosting of detachment, the carbon equivalent.

Introduction

The transition of rolling stock from one road to another shall consist of bodywork
equipment connecting and/or crossing the roads. Road coupling shall be carried out
with crossings (Figure 1) and crossings with road crossings [1]

Figure 1 — Simple switch-over scheme:
1 — threshold; 2 — axle; 3 — tipping threshold; 4 — core;
5 — cross-crossing top; 6 — counter-threshold [13]
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Figure 2 — VAE cross scheme:
1 — kicking rails; 2 — mathematical centre; 3 — core;
4 — crucifixion tail; 5 — harmful expanse [13]

All elements of the crossing and road crossing are of equal importance, but
the crossover (Figure 2) moves between the switches and the crossings is a «weak
element» because of the “most difficult” function. The crossing rail heads cross each
other, enabling the wheel to move freely along a continuous rolling surface. A rigid
displacement path along the edges of the crucifixion core and the working sides of the
wing rails shall be provided to the wheel with the rim by an anti-rail (Figure 1), the
wheel being closely connected to the wheelset’s axis in firmly defined dimensions.
The Latvian railway operates mainly crossings with rigid parts (Figure 2), which also
include VAE crossings and, in rare cases, crossings with moving flexible cores which,
with their moving parts, «close» the harmful expanse.

Latvian railway purchased approximately 1500 60E1 track-profile Austrian
crossings with pointed VAE crossings for EU funds. VAE crucifixion is a assembled
cross. Its main elements are one core and two wing rails. The intersection point of the
edges of the core work is called the mathematical center of the crucifixion core. The
angle formed by the edges of the core work is referred to as the crossing angle. After
this, a unified cross mark is defined as the ratio of width to length, so it is about 1/11,
1/9 and 1/6 VAE crouts and, in very rare cases, uses VAE cross crossings with a level
of non-standard cross. The narrowest place between the wings is called the neck of the
crucifixion, but the distance from the neck of the cross to the actual core of the crucifix
is called the harmful expanse [2].

VAE core crotch is polymetallic, i.e. it consists of two-made steel which is connected
to one another. The crucifix base is made of track steel mark 350HT with a carbon content
0f 0.72-0.77 %. The surface of approximately 20 mm is made of Gadfild steel [3].

During the lifetime of the crucifixion, the VAE crucifixion has a variety of defects,
but on average, after 115 million tonnes of gross passage, the crossings have marginal
wear and cracks.

Materials and methods

1 Damage to VAE crouts

1.1 Failure of the core of the crucifixions

In most cases, following the gross passage of 20—40 million tonnes for the new
VAE crossings in the wheel crossing area from the wing rail to the core, in the harmful
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expanse, there are shallow and deep shortages (Figure 3). When the wheel shifts these
unevenings result in the dynamic forces of the impact leading to calamation, detachment

and cracks in a highly alloy manganese layer [4].

Figure 3 — Core fissures of VAE cross 60E1 1/11

Longitudinal cracks and fractures for VAE crossings on Latvian railways [12]
are most commonly observed on the main roads (Figure 4) at loadload of more than

30 million tonnes gross per year.

Figure 4 — Breaking of the core of the VAE cross 60E1 1/11
and cracks at the Alotene station

In Latvian railways, it is not always timely that floodings are drowned, resulting
in scarves (Figure 5), later breaking them down and the roughness begins to spread
throughout the size of the core. From the vibrations caused by unevenings, the crucifixion
gradually collapses and becomes unusable.
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Figure 5 — VAE cross-over R-65 1/11 core burst at the yard station
In addition to insufficient maintenance: too wide anti-rail trays, worn counter

rails and narrowed road widths, the rim of the wheel may remove the end of the core
(Figure 6).

Figure 6 — Breakage of the end of the core of VAE cross R-65 1/9
at the Skirotavas station

By releasing approximately 115 million tonnes of gross cargo and independently
operating THE VAE cross, a worn crucifixion sedli (Figure 7), visible as a hole from
a distance of 15 m, occurs on the core and on the wing.

Figure 7 — VAE cross R-65 1/11 worn core at the Aizkraukle station
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1.2 Failure of VAE crossing malfunction

Similarly, as the pelling, detachment and cracking of VAE cores (Figure 3) is
common, the rolling surface of the winging rails is also damaged (Figure 8). The
characteristic zone of the defect is the harmful expanse.

Figure 8 — VAE cross 60E1 1/11 cracks at Slampes station
Rebuilding the wing threshold in melting is not always as successful as it was

originally expected. Non-welding causes deep and long longitudinal detachment cracks
(Figure 9).

Figure 9 — VAE cross-cross R-65 1/11 detachment at Slampes station
Similarly to the lack of timely tapping of cores, there is no timely polishing of

the winging rails for how connected these operations are. Similar problems arise with
splinters (Figure 10).

Figure 10 — VAE cross R-65 1/11 at the Skirotavas station
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Crossroads often form at the beginning of the harmful cracks (Figure 11).

Figure 11 — VAE cross, R-65 1/11 cross-slide, Aizkraukle station

2 Technical problems caused by vae crossing damage and measures to be taken
to take the problems

The VAE crossing with its fixed parts is considered to be a road roughness that
causes a sudden change in the wheel support trajectory when the train is running at
high speed. These are mainly vertical dynamic loads between 200 and 400 kN [6]. Very
often VAE crossings do not withstand the cyclic loads of 25 tons of wheels on trains
in circulation on Latvian railway.

Shallow cracks and unevenness in the railway are corrected by grinding the damaged
or uneven layer [9]. Due to grinding, the core rapidly loses its valuable layer of high-alloy
manganese, which leads to service restrictions. For example, if the specified train speed
is 120 km / h, the vertical wear or defect depth shall not exceed 5 mm. When the wear
or crack depth is reached — 10 mm, the speed is reduced to 40 km / h, but after reaching
more than 12 mm, the operation of VAE crossings is not allowed in accordance with
Latvian railway regulations [5]. Inspection of the crossroads at the Latvian Railway
shows that the grinding works of the crossing are not carried out in time, grinding up
the surges and small cracks in their initial stage of development. In order to prevent the
crossing from reaching a very defective condition, the operating parts perform melting
of the damaged or worn parts by electric arc welding in a planned manner. In Latvian
Railways, according to the regulations, the crossings are melted only up to a defect
depth of 13 mm from the project surface, but deeper ones are replaced [7].

3 VAE crossing damage statistics

3.1 Technical information on statistics

Statistics are provided for all pointed VAE crossings on the Latvian railway with
an angle of 1/11, 1/9 and 1/6 and the European track mark 60E1, which were put on
the road together with the new Austrian type switches in the period from 01.07.2003.
—30.12.2021.

In order to reflect the topicality of this problem, SJISC «Latvian railway» will look
at the cross-melting statistics of the Railway Administration and the Jelgava operation
part of the period from 2018 to 2021 [14].
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Figure 12 — Statistics of melting of the cross core and wing rail
for the period from 2018 to 2021

On Figure 12 we can see how the melting statistics is gradually starting to decrease
from 743 melted crosses in 2018 to 419 molten crosses in 2021. Track management
for the structure. Jelgava operation parts are one of the number of crossings for the
Latvian railway and damaged crossings. According to the smelting statistics (Figure
12), the average smelting statistics for the last three years from 2019 to 2021 in Jelgava
consisted of the repair of 20 damaged crossings with welding complexes «PALLAS»
and « GENSET», although in 2018 32 damaged crosses were melted. However, smelting
technology remains one of the current methods of extending the service life of the cross
in Latvia and abroad.

Results and discussion

Research projects. RTU Transport Institute studied the melting of VAE crossings
in Latvian railway. During the field observations of RTU Transport Institute, one VAE
cross was melted in Garozas st. switch No. 3, as well as in the RTU certified laboratory,
metallography was performed on other fused samples of VAE cores and wing rails.

Relative welding quality criterion. The weldability of steels is characterized by the
indirect carbon equivalent of weldability of metals [8]. The carbon equivalent of VAE
crossings is calculated:

(1)

where C — carbon content in hundredths of a percent;
Mn, Ni, Cr, V amount of chemical elements, %.

This formula and the like are purely empirical and their reliability is quite relative
[8]. Steel welds with C up to 0.25, satisfactory —0.25-0.35, limited weld — 0.35-0.45
and poorly welded if the carbon equivalent is greater than 0.45. The carbon equivalent
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of the manganese core of the VAE crosses is unfavorable — from 0.45 to 0.46. The core
of the cross must not be overheated by more than 200 °C.

Investigations of VAE cross core melting field conditions at Garozas station.
23.11.2021. the core of the VAE cross was fused with a vertical wear of 6 mm. At the
crust station, switch no. During the melting of 3 cores, some deviations from the work
technology were found, namely, the core temperature was not monitored often enough
by the thermometer by a manual touch welder, and the applied welding current could be
in a wide range, inaccurately related to the electrode diameter. any remaining moisture
was not dried with the burner.

After melting 25.11.2021. irregularities with hollow recesses formed at the depth of
0.8 mm (Figure 13) on the surface of the core, which was reported to the road master.

Figure 13 — VAE cross 60E1 1/11 core recesses at the Carozas station

One month after melting, longitudinal cracks appeared in the core [11] and
defectoscopists determined that the defect had become dangerous, so 27.12.2021.
melting was repeated, this time drying any residual moisture after paint defectoscopy
and strictly observing the temperature regime during welding. However, in the first
days after melting, non-weld inclusions 2 mm in diameter were discovered, leading to
a longitudinal crack of about 90 mm (Figure 14).

Figure 14 — VAE cross 60E1 1/11 core longitudinal crack at Carozas station
The operation department decided to melt the VAE core for the third time —

23.02.2022. VAE cross cores 08.03.2022. showed long and small cracks during color
defectoscopy (Figure 15). Spider was replaced as planned.
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Figure 15 — VAE cross 60E1 1/11 core longitudinal crack at Crust station

Investigations of VAE cross wing rail melting field conditions at Crust station. The
melting of the wing rail coincided with the melting of the core and took place on the
same day. 23.11.2021 the wing rail was melted for the first time. Melting was performed
with a reverse polarity current of 140 A using an OK83.29 electrode with a diameter
of 5 mm. The current for an electrode of this diameter is not the most optimal, despite
the fact that the instructions for the current range from 110 to 220 A. During melting,
the temperature regime of the wing rail, which had to be between 350 and 400°C, was
not always observed. Probably a month after melting, defectoscopes with an ultrasonic
defectoscope found dangerous internal cracks in the wing rail. The wing rail was remelted
on the same day as the core was melted —27.12.2021. This time the temperature regime
was fully observed, but the welding current was increased to 195 A, using exactly the
same electrodes as before, evaporating any residual moisture after paint defectoscopy.
No defects were found in the melting of the wing rail during subsequent observations.

Laboratory studies of melting of experienced VAE cores. For the experimental
studies of smelting, the railway provided two previously used VAE cross cores, which
were smelted in small sections separated by workshop conditions using different
electrodes and currents.

Using the OK86.28 electrode (diameter —4 mm, I=155 A) in Sample 1, welding and
melting were very successful. The electrodes were used dried and glued several times.

In Sample 2, the electrodes were pre-dried and annealed only once. Using the
0OKS86.28 electrode (diameter — 4 mm, [ = 155 A), the welding was even better than
the first sample.

In sample 3, the UTP BMC electrode (diameter 4 mm, [ = 160 A) was pre-dried and
annealed several times before melting. There was an inclusion in the alloy, although
the fusion of the molten layer was very good.

The current of sample 4 for the UTP BMC electrode with a diameter of 4 mm was
increased to 165 A. An electrode that had only been dried and annealed was used. The
core had no inclusions, the welding was successful.

By increasing the current to 180 A (electrode UTP BMC, diameter 4 mm), once the
electrode was glued, the welding was very good without inclusions and cracks.

In all cases, the heating of the core did not exceed 200°C.

Conclusions of experienced VAE core melting. All core samples were fused with
very good results under workshop conditions. Increasing the melting current improves
the welding quality of the molten layer and the base layer. Although increasing the

150



HAYKA N TEXHUKA KASAXCTAHA. ISSN 2788-8770. Ne 1, 2022

current in this case also increases the heating, it is necessary to wait periodically for
the core to cool during melting. Recommended current for electrodes OK 86.28 —
from 38—40 A per 1 mm electrode diameter, UTP BMC — from 38.2-40.2 A per 1 mm
electrode diameter. The hardness of the hammer-melted VAE core layer ranged from
512 to 580 HB. The electrode UTP BMC hardness was on average higher in all cases
than 45-80 HB. The melt hardness of single glow electrodes was on average higher
than 15-23 HB. Welding with higher seams using electrodes with a larger diameter of
4-5 mm will give better results than melting with thin and wider seams.

Laboratory studies of experienced VAE wing rail melting. In the RTU laboratory
at the Department of Railway Engineering, the previously fused 7 wing rail samples
provided by the railway were studied. Electrodes OK86.28, CNII4, UTP BMC were
used, as well as the welding current was changed. The given electrodes did not give a
good result, because according to the railway technical regulations they are intended
only for melting of manganese cores [7].

For example, when welding the wing rail (sample 1) with Tubrodur semi-automatic
powder wire OK 15.41 (diameter 1.6 mm, I =105 A), the welding proved unsuccessful.
This is explained by the fact that the melting was not carried out in a gaseous medium
but in an atmospheric environment. At the melting limit, metallography showed large
oxide and the like. inclusions of unacceptable harmful elements. The boundary between
incomplete welding was visible between the fused and the base layer.

The wing rail sample 2, welded with an electrode OK83.28 (I = 140 A, electrode
diameter 4 mm, heating temperature — 400°C), collapsed in the laboratory along the
boundary between melting and base layer. Melting was better in some places, but it
had a lot of inclusions.

Welding of the wing rail (sample 3) with manual fusion using the electrode UTP
BMC, but a wide non-welding crack was visible for the coating layer of the electrode
—OK74.78. Electrodes UTP BMC and OK74.78 do not mate with each other due to the
molten material. UTP BMC is intended for high manganese steel (only for VAE core),
but OK74.78 only as a base layer for rail melting [7].

When the CNII-4 electrode was applied by hand-melting, a crack was also visible
between the welded layer and the base layer, but it was less pronounced than in the
previous samples. There were even fewer inclusions in the molten layer than in the rail
layer. CNII-4 electrodes (Russian production) are also intended only for melting high
manganese steel.

The OK86.28 electrode was used in Sample 6. Welding was successful by
completely welding the base layer and the molten layer. However, the electrode used
is for melting manganese-containing steel [7].

The melting of the 7th sample with the UTP BMC electrode (diameter 4 mm,
I=160 A) was also welded cleanly, without porous inclusions and cracks. The fusible
layer even turned out to be cleaner than the rail material.

Conclusions

The average service life of the VAE crossover, including smelting, is 148 million.
t gross. The melting of VAE crossings begins when the VAE crossing has reached an
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average of 115 million. t gross. The average depth of the ground defect for the core
and the wing rail [10] during the first melting is about 10 mm. Starting the restoration
of switches with the melting method, the average time between meltings is 10 million.
t gross, which, for example, in a section such as Jelgava — Krustpils on the main road
at an average annual load of 37 mln. t gross / year, means that the VAE will withstand
no more than 3.2 months on average. In the absolute majority of cases, one core and
one wing rail were always melted in one day. And only in rare cases is fused only one
of the elements, or all three - both the wing rails and the core. Before replacing the
VAE cross, each cross is melted on average 4-5 times. In addition, 30 % of the time
(i.e. almost a month before the regular melting) between the melting of the crossings
on the main roads, the speed limit of 60—25 km / h is constantly applied, depending on
the size of the damage. From the beginning of VAE operation, Jelgava operation part 4
crossings 1/11 have been replaced with crossings with moving flexible cores of the same
manufacturer on the main roads. At the remaining 121 VAE crossing operation sites
as of 15.03.2022. 98 crosses have never been fused, 6 of which have reached 165-215
million. t gross tonnage released. But 23 crosses have been melted, 12 of which have
reached 155-205 million. t gross tonnage released.

The number of all VAE crossings in operation is heterogeneous by age groups.
The sample included crosses of almost all depreciation levels in the range from 0 to
215 million. t gross.

When evaluating the defects of the fusible crosses, the average depth of the defect
for the core and wing rail is approximately — 12 mm, the length of the grinding —
400450 mm.

The average load of VAE in the operating part of Jelgava is 26 mln. t gross per year.

It is very important to keep the temperature of the fusible wing rail within the
recommended temperature range of 385-400°C [8]. This criterion must be observed with
particular caution in winter, as the wing rail loses heat rapidly. When using an electrode,
the recommended current is 38—40 A per mm of electrode diameter. Welding depends
on the technological performance of the welding work. The choice of an appropriate
electrode for both the wing rail and the core is important [7].
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Atskaites no 2018-2021. — 5 p.

15 VAS «Latvijas Dzelzcel$» ZINU LAPA no 2019-2022 gada. — Riga, 3—40 p.

Material received on 17.03.22.

*II. I'aspunoé’, B. Heanoé’, /1. I'opoaues’
123 TarBus, 1. Pura.
Marepuan noctynuia B pegakuuio 17.03.22.

N3YYEHUE YIHIEPBA OT IIEPEKPECTHOI'O IEPECEYEHUSA VAE

B cmamve paccmampusaiomes  60onmpocuvl, Cc6a3aHHBIE € HAOEHCHOCMBIO
HCENE3HOOOPOICHBIX CIPENOUHBIX Nepeso00s. B uacmuocmu, ucciedyemces kauecmeo
Cmanu, UCNONbL3YeMOU 8 INEMEHMAX IHCeNe3HOOOPOICHBIX Nepegooos. Jlameuiickas
Jcenesnas 0opoza sxcnayamupyem 6onee 1500 dicene3no0opodicHvix nepee30os
npoguns 60 El. Coenacho Hopmamuenou Ooxymenmayuu XenezHoooporcHou
AOMUHUCMPAYULL, 3aNAAHUPOBAHNBLII PEMOHN NEPEX00d K OCHOBHBIM 00po2am bydem
NPOBOOUMBCSL C NONEPEUHbIM TMOHHAdICEM bonee 450 MULTUOHO8 MONH.
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KA3AKCTAH FbllbIMbl MEH TEXHUKACHI. ISSN 2788-8770. Ne 1, 2022

Ho 6 cpeonem, nocne obwezo npoxosicoenust 115 Muniuono mouH, Ha nepexooax
HabOoaemces pasmvimue epanuy u mpewunsl. Ilocne ceapxu coedutnenue 00ICHO, 8
cpednem, gvloepaicams 00wy Hazpy3ky He bonee 10 munnuonos moun. Cepoyesuna
IMUX NEePexo008 NOTUMEMANIULECKAs, COCMOSMAs U3 08YXKOMNOHEHMHOU CIAU.
Pacnamue useomoeneno uz cmanu mapxku 350 HT ¢ codepocanuem yenepooa 0,72—
0,77 %. Iosepxrnocms monyunoil oxkono 20 mm uzeomosnena uz cmaau Hadfield.

Kmouesvle crnosa: cmanw, cmans [H0guioa, 31ekmpoovi, MoK, HONEpeyHbll,
USHOC, KpYHeHUs, Nopoe UCKPOOOPA308aHUS, PAZMOPAIICUBAHUE OMCIOEHUS,
YenepoOHblil IKGUBANEHM.

*II. I'aépunos’, B. Heanoé?, /I. I'opboaues’
123 JJarBus, Pura K.
Marepuan 6acnara 17.03.22 tycri.

VAE AMKACIIAJIBI TI3BEJAEH KEJTIPUITEH 3USH/IBI 3EPTTEY

Maxanaoa  memipoicon — basbimmamanvt  OYpMAIapovbly  CeHiMOIniciHe
baliianvicmvl Mocenenep Kapacmulpbliadbl. Aman atimxanod, memipicon ayoapma
anemenmmepinde Koaoanviiamein borammuiy canacvl sepmmenedi. Jlameus memip
arconvt 1500 E60 [lpoghunvoi memipocon emkendepin natioaranaovl. Temip amcon
OKIMWLINI2IHIH HOPMAMUBMIK KYHCAMMAMACHIHA COlKeC Hezizel dcondapaa Keutyoi
JHcocnapnanaan Honoey Kendeney mouHadicoOen 450 Mumiuon mouHaoan acmam
Jrcypeizinemin 601aobi.

bipax opmawa anzanoa, owcarner 115 muinuon moHHA emKeHHeH KeliH,
emxenoepoe OYIbIHablD WEeKAPaLap MeH HCapblkmap 0auxaiaosl. [[onexepaeyoen
Kelin Kocwliblc opmawia ecenner 10 MUIIUOH MOHHAOAH ACNAUMBIH JiCATNbI
arcykmemeze memen Oepyi kepex. byn emynepoin o3ezi exi komnonenmmi bonamman
mypamuin noaumemann o6oavin maowviiadvl. Aukeuu 350-0,72 % xemipmezi b6ap
HT mapranvr 6onamman scacanean. Kanviyovizol wamamen 20 mm 6emi Hadfield
bonamman sHcacan2an.

Kinmmi ce30ep.: Bonam, 1'30¢und 6oramel, snekmpoomap, mox, KOIOEHEH,
mo3sy, Oypany, YWKbiH weai, KabblpuaKmawy, Kemipmeei IK6UBAICHMI.
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Tepyre 17.03.22 x. xibepinai. bacyra 27.03.22 k. KO KOUBLIIBIL.
DeKTpOHBIK Oacma
15 Mb RAM
HlaprTe! 6acna Tabare! 14,5. TapansiMel 300 naHa.
Barace! kernicim OobIHIIA.
Komnbrotepae 6erreren: E. E. Kanuxan
Koppexkrop: A. P. OmapoBa

Tancsipsic Ne 3952

«Toraighyrov University» 6acrnacsiHaH 0acbUIBII HIBIFAPBIIFAH
TopaiifbIpOB YHUBEPCHUTET1
140008, ITaBnogap k., Jlomos kemr., 64, 137 kab.

«Toraighyrov University» 6acnacsl
TopaiifbIpOB YHUBEPCHUTET1
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67-36-69

e-mail: kereku@tou.edu.kz
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