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Abstract. Purpose. The subject of this study is the strength of the loaded units of mobile machines for flash butt welding by refining
high-strength rails. The theme of the work is related to the development of a technique for strength calculating of the insulation of the
central axis of these machines. The aim of the paper is to establish the mathematical dependence of the pressure on the insulation on
the magnitude of deflections of the central axis under the action of the upset force.

Design/methodology/approach. Using the Mohr’s method, the displacements of the investigated sections of the central axis under the
action of the upset force and the equivalent load distributed along the length of the insulation were calculated. The magnitude of the
load distributed along the length of the insulation equivalent to the draft force was determined from the condition that the
displacements of the same cross sections are equal under the action of this load and under the action of the upset force.

Results. An analytical expression for establishing the relationship between the pressure acting on the insulation and the magnitude of
the upset force and the geometric dimensions of the structural elements of the machine was obtained. Based on the condition of the
strength of the insulation for crushing, an analytical expression for establishing the relationship between the length of insulation and
the size of the upset force, the geometric dimensions of the structural elements of the machine, and the physical and mechanical
properties of the insulation material was obtained.

Originality/cost. The proposed methodology was tested in the calculation and design of the K1045 mobile rail welding machine, 4 of
which is currently successfully used in the USA for welding rails in hard-to-reach places.

Keywords: flash butt welding of rails, rail welding machine, central axis insulation, upset force, strength calculation technique,
bending, crushing

Introduction

When laying railroad tracks, as well as during their repair, contact butt welding is used in more than 90% of
cases. This welding method ensures equal static and fatigue strength of welded joints with base metal, including the
welding of railway frogs with rail ends [1, 2]. E.O. Paton Electric Welding Institute of NAS of Ukraine (PEWI) has
many years of experience in the integrated development of equipment for flash butt welding of rails in stationary and
field conditions [3]. Serial production of stationary and mobile rail welding machines based on the PEWI’s inventions
was set up by PJSC "Kakhovka Plant of Electric Welding Equipment" (KZESO). Among the mobile machines
produced at KZESO company, the most widely used models are K255, K355A and K828 [4], and since the 2000s,
taking into account the need to weld thermally strengthened rails, K76F type (manufactured by PAO «MK «Azovstal’»)
[5], new generation machines K920, K922 and K1000 are widely used [6, 7].

Today an actual problem for existing mobile welding machines is the welding of rails in hard-to-reach places, for
example, in the subway or at the jointing of the main track rails with track switches [8].

Purpose

To solve this problem in the PEWI was developed the K1045 machine (Fig. 1) [9]. In the course of its design, it
was necessary to take into account that the process of flash butt welding is associated with the application of a large
upset force, as a result some certain design elements of the welding machine is affected by a high operational load. One
of the loaded structural elements is the insulation of the central axis of the machine, seeing that this axis is bent and
presses on the insulation during the welding. Therefore among other loaded elements of the machine it is necessary to
ensure the strength of the insulation for crushing. The main input parameter for the calculation of structural elements for
strength is the magnitude of the load acting on them. However, in the case under consideration, the relationship between
the upset force and the load on the insulation is not obvious. Therefore, the purpose of this work is to establish the
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relationship between the pressure acting on the insulation and its length with the magnitude of the upset force, the
geometric dimensions of the structural elements of the machine, and the physical and mechanical properties of the
insulation material.

e

]
NN

. A li
Fig. 1. K1045 mobile machine for flash butt welding of rails  Fig. 2. Longitudinal cross-section of the K1045 mobile machine
for flash butt welding of rails

Investigation

When the rails are welded, the machine transfers the force to them with the help of a hydraulic cylinder of upset
1, the central axis 2 which consists of two parts isolated from each other is flexing and pressing on insulation 3 (Fig. 2).
Inasmuch as the pressure on the insulation is associated with the movements of the central axis during its bending, it is
necessary to determine the vertical displacement of section 4 on the action of the upset force P. In order not to violate
the symmetry, we determined the total displacement of the section 4 and section B, which are located symmetrically
with respect to the joint of the welded rails (Fig. 3).

Central axis
A P B
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Joint of the welded rails
Fig. 3. The calculation scheme of machine loading during the welding

According to the Mohr’s method, bending is determined by the formula [10]
M;-M p;ds
. = —_— 5 1
fi=X £ = (1)

where f; is the desired displacement; M; is the equation of the bending moment from the unit force which is applied in
the direction of the desired displacement; Mp; is the equation of the bending moment from the corresponding active or
reactive external load; E is the modulus of elasticity of material; J is the moment of inertia of the cross section of the
central axis.

To determine the necessary equations of bending moments, let us construct an equivalent system by conditionally
cutting the contour along the cross-section of the central axis opposite the joint (Fig. 4).

According to the diagram (Fig. 4), the bending moment acting on the central axis due to the application of the
upset force has a constant value

Mpp(x)=P-h. ©)

Let us load the equivalent system by unit loads F = 1, applied in the direction of vertical displacement of sections
A and B and plot the bending moment diagram from these forces (Fig. 5).
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Fig. 4. The equivalent loading system and the bending moment diagram from the action of the upset force

According to the loading scheme (Fig. 5), the bending moment caused by the application of unit loads in the
direction of vertical displacement of sections 4 and B is determined by the formula
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Fig. 5. Diagram of bending moments from the action of unit loads

Substituting (2) and (3) into (1) we determine the total displacement of sections 4 and B, from the action of the
upset force

tfo=— [ Ph|Z—xldx="P.h- = 4
TatTs EJ 2 TR 8 )

To determine the pressure acting on the insulation, instead of the upset force, we apply to the equivalent system a
linear force g uniformly distributed along the length of the insulation (see Fig. 3), and plot the diagram of the bending
moments caused by this force (Fig. 6).
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Fig. 6. Diagram of bending moments from the action of an equivalent load uniformly distributed along the length of the
insulation
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The equation of the bending moment from the equivalent load g on the areas of the central axis that are outside
the body has the form
L+

Mpq(x)zq-ll-- -q-l-x. %)
To determine the total displacement of the cross sections 4 and B from the equivalent load ¢, substitute (5) and
(3) into (1)
2 12 L+l L 2 [q* (1 L
+ fp=— - Lox || S—xldx=—| =1L | L+2]. 6
fieto=gr Lot (55 (5] Ej[gl(z J} ©

Equating the right-hand parts (4) and (6), we establish the relationship between the pressure acting per unit length
of insulation, with the magnitude of the upset force

6-P-h

Gl 2L @)
According to [11], the strength of the insulation for crushing will be ensured if
q
E < [G]hr ’ (8)

where [c],, is the allowable stress of insulation material for crushing; d is the diameter of the central axis, which can be
determined by knowing the maximum value of the bending moment acting on the central axis (see Fig. 4), according to
the known formula [11]

A2k ©)

w[o] ’

where [o] is the allowable stress of the material of the central axis.
Substituting the expression for g from (7) into (8), we obtain

(10)

Thus, the relationship between the length of insulation with the amount of upset force, the geometric dimensions
of the structural elements of the machine, and the physical and mechanical properties of the insulation material was
established.

Conclusions

1. A technique for calculating the strength of central axis insulation of mobile machines for flash butt welding of
rails was developed. This technique consists in finding an analytical expression that establishes the relationship between
the pressure acting per unit length of insulation, the amount of upset force and the geometric dimensions of the
structural elements of the machine.

2. Based on the condition of the insulation strength for crushing, an analytical expression that establishes the
relationship between the length of insulation and the size of the draft force, the geometric dimensions of the structural
elements of the machine, and the physic al and mechanical properties of the insulation material is obtained.

3. The proposed methodology was tested in the calculation and design of the K1045 mobile rail welding machine,
which is currently successfully used in the US for welding rails in hard-to-reach places.

MeToauka pac4éra Ha MPOYHOCTH 3JIEMEHTOB KOHCTPYKIIUM MOOHMJILHBIX
MAIIIUH /1JI51 KOHTAKTHOI CBAPKHU PeJibCOB

A.B. Moaracos, I1.H. Tkauy, K. KpacHoBckuii

Annomayus. Llenvio nacmosujeii pabomol aeaemcs paspabomxa MemoOuKy pacuéma Ha npoyHOCMb U3OIAYUU YEHMPATLHOU OCU
MOOUNbHOU  MaWuHbl O KOHMAKMHOU CMBIKOBOU C8APKU penbcos. IIpoyecc KOHMAKMHOU CMBIKOBOU CEAPKU CBA3AH C
NPUNOdICEHUEM OONLULOZO OCAOOYHO20 YCUNUSL, 8 Pe3VIbMame 4e20 HeKOmopbie KOHCMPYKMUGHbIE JIeMEHMbl C8APOYHOU MAUUHbL
UCNBIMBIBAIOM BbICOKYIO Ha2py3Ky. OOHUM U3 HASPYIHCEHHBIX KOHCMPYKIMUBHBIX INeMEHMO8 AGNACNCI U30NAYUSL YEHMPATbHOU OCU
Mawiunsl, MaKk KaxK 6 npoyecce ceapku dma ocb noosepeaemcs uzeuby u oasum na uzonayuio. OCHOBHLIM 6XOOHBIM NAPAMEMPOM
pacuéma dneMeHmos KOHCMPYKyuli Ha NPOYHOCMb AGNAeMCcs  eluduna oeticmeyiowei Ha Hux Haepysku. Oonaxo 6
pacemMampusaemom ciyude céazb Mexncoy YCunueMm OCAOKU U HASPY3KOU HA U30IAYUIO0 Heouesuond. B ocnosy paspabomanmou
MEMOOUKU NONONHCEHO NPEeONONONHCEHUe O MOM, YMO eNUHUHA OABNeHUs, OeUCmBYIoue20 HA U30JAYUIO, CEA3AHA C BENUUUHON
npocudo8 YeHMpAIbHOU ocu noo odelicmeuem ycuaus ocaoku. Ilpu nomowu unmeepanoe Mopa Oviiu paccuumansvl nepemeujeHus
uccnedyemulx cedeHull YeHmpanbHol ocu noo Oelcmeuem YCUuus 0Caoku U dK6UBANEHMHOU HASPY3KU, PACNPedenéHHOU no OluHe
uzonayuu. Benuuuna pacnpedenénnoi no OuHe U30IAYUU HASPY3KU, IKGUBAIEHMHOU YCUTUIO OCAOKU, ONPeOeNsiach U3 yCiosust
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paseHcmea nepemewjeHuti OOHUX U mex xce cedeHuli nod oelicmeuem dmMoi Hazpy3Ku U noo Oeticmeuem ycunus ocaoku. Taxum
06pazom, 6610 NOIYHEHO AHATUMUYECKOEe BbIPAdCEHUE, KOMOPOe YCMAHABIUBAEN C8A3b OU6IeHUs, JeliCmEYIoue2o Ha U30NAYUIo, ¢
BEUYUHOU YCUAUSL OCAOKU U 2€0MEMPUHECKUMU PASMEPAMU KOHCIMPYKMUBHIX d1emenmos mawunvl. Ha ocnosamuu ycnosus
NPOYHOCIU UBOTAYUU HA CMAMUE NOIYUEHO AHATUMUYECKOe BbIPAJCEHUE, KOMOpPOoe YCMAHABNUBAEN CA3b OAUHbL UB0IAYUU C
BEIUYUHOU YCUNUSL OCAOKU, 2€OMEMPUUECKUMU PA3MEPAMU KOHCMPYKIMUGHBIX NEMEHMO8 MAWUHbL U (YUIUKO-MEXAHUYECKUMU
ceoticmeamu mamepuana usonayuu. IIpednoscennas Memoouka Oblia UCNONb306AHA NPU PACYéme U NPOEKMUPOBAHUU MOOUILHOL
penvcocsapounol mawunvt K1045.

Knrouesvle cnosa: koumakmmuas cmvikosas ceapKa peibCoes, pelbCoceapodnas mMawluna, U30aayusl ueHmpaJleozZ ocu, ycuiue oca()Ku,
Memoouxa pact{é’ma HA npo4yHocniv, u32u6, cmsimue

MeToauka po3paxyHKy Ha MIIlHICTh eJIeMeHTIB KOHCTPYKIii MOOUIbHUX MAIIIUH
JJISI KOHTAKTHOTO 3BAPIOBAHHS PeHOK

A.B. Moaracos, II1.M. Tkau, K. KpacHoBcbkuii

Anomayin. Memoio npedcmasnenoi pobomu € po3pobKa mMemoouKy po3paxyHKy Ha MiyHicmb i301ayil YyeHmpanibHoi oci MOOIIbHOT
Mawunu 0N KOHMAKMHO20 CMUKOB020 38apioganHs peliok. Ilpoyec KOHMAKmMHO20 CMUKOB020 38aApPI0OGAHHA NOG'A3GHUL 3
NPUKIAOAHHAM 8€IUKO20 3YCUNLTA OCAOKU, 8 Pe3YIbMami 4020 0esKi KOHCMPYKMUBHI eleMeHmu 36apioganbHoi MAuUHU 3HAX00AMbCA
nio Odiero ucoxux Hasawmagicenvb. OOHUM 3 HABAHMANCEHUX KOHCMPYKMUBHUX eJleMeHMI8 AGIAEMbCS i301AYia YeHMPAnbHOI oci
MAwuHu, Max K 6 npoyeci 36aproBanHA Ys 8iCb 32UHAEMbCA | MUcHe Ha i301ayito. OCHOBHUM 6XIOHUM NAPAMEMPOM PO3PAXYHKY
eleMeHmie KOHCMPYKYINl Ha MIYHICMb A6IAEMbCS 6eIUUUHA OTI0Y020 HA HUX HABAHMAICEHH:. Alle y 6unaoky, wjo po3ensioaemvcs,
36'530K MIJIC 3YCULTAM OCAOKU MA MUCKOM HA 130718Yi10 HeouesuOHUull. B 0cHo8y po3podieHoi MemoouKu noKIa0eHO NPUnyujeHHs npo
me, WO GeIUUUHA MUCKY, W0 OI€ HA [304AYil0, NOG SI3AHA 3 BEIUHUHOIO NPOSUHIE YeHMPANbHOI oci nid diclo 3ycunis ocadku. 3a
donomoezoro inmeepanie Mopa 6ynu pospaxosani nepemiujerusi O0CAIONACYSAHUX NEPepi3ie YeHMPAnbHoL oci nid Ji€r 3yCUNIsl 0CAOKU
ma exeisanreHmHo20 HABAHMANCEHHS, PO3NOOINEHO20 NO O006dX#CUHI i30aayii. Beauuuna po3nodinenozo no 006dcumi i30aaYyii
HABAHMANCEHMHS, eKBIBANIEHMHO20 3VCUNTIO OCAOKU, BUBHAYANACH 3 YMOBU DIHOCI nepeMiujeHb 0OHUX i MUx camux nepepiszi nio
0I€I0 Yb020 HABAHMAdICEHHA ma Ni0 Oi€to 3ycunia ocaoku. Takum yunom, 6y10 OMPUMAHO AHATIMUYHULL 8UPA3, AKULL 6CIAHOBTIOE
38'130K MUCKY, Wo Oi€ HA 304AYil0, 3 GEIUUUHOI 3YCULIA OCAOKU [ 2eOMEeMPUHHUMU PO3MIpAMU KOHCMPYKIMUBHUX elleMeHmis
Mawunu. Buxoosuu 3 ymos miynocmi mamepiany i301ayii Ha 3MUHAHHA OMPUMAHO AHATIMUYHUL UPA3, AKULL 8CIMAHOBIIOE 36'A30K
0062ICUHU 13071AYI] 3 GENUUUHOIO 3VCUNISL OCAOKU, 2eOMEMPUYHUMU POIMIPAMU KOHCIPYKMUGHUX €IeMEHMI8 MAwunu ma Qizuxo-
MEXAHIYHUMU 6ACUBOCIAMU Mamepiany i301ayii. 3anpononoséana memoouxka 6yia 6UKOPUCMAHA NPU PO3PAXYHKY I NPOEKMYEAHHI
Mo6inbHOI petikozeéaprosanvhoi mawunu K1045.

Knrouosi cnosa: xonmaxmue cmuxoge 36apro6anisi peliok, peliKo36aploaibha MAuiuna, i30Jayis YyeHmpanbHoi oci, 3yCuis 0Caoku,
MemoOUKa po3paxyHKy Ha MiYyHiCMb, 32UH, SMUHAHHSA
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