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AHHOTALUA

BeepeHue. [py NpoeKTUPOBaHUM YMPYrUX KNEMM MPOMEXYTOUYHbIX PENbCOBbIX CKPEnieHU MPOBOANUTCS OLeHKa
MX NMPOYHOCTHbIX XapaKTEPUCTUK. B cCOBpeMEHHbIX YCIIOBUAX 3TOT BOMPOC pellaeTcs MoAenMpoBaHMeM Ha OCHOBE MeToja
KOHEeYHbIX 31eMeHTOB. [119 Nofly4yeHns JOCTOBEPHbIX pe3ybTaToB paciéTa NPoBOAUTCA BepUPUKaLNA KOHEYHO-3/TIeMeHT-
Hon mopenu. Llenbio cTaTby ABNsSETCS MofenmpoBaHue ynpyron knemmbl Skl 14 npomexyTo4yHOro penbcoBoro ckpernne-
H1a W30, a Takxxe BepuPUKaLns Noslyd4eHHbIX pe3ynsTaToB NyTeM TeH30MEeTPUPOBaHUA KNEeMMbI MPU CTaTUYECKOM Harpy-
XKEHUN Ha CTeHe.

Matepuanbl u metoabl. 1119 MOAeNMPOBaHUSA HanpsXXeHHO-AePOPMUPOBAHHOIO COCTOSHMSA ynpyron knemmsbl Skl 14
pa3paboTaHa KOHeYHO-3NeMeHTHas Mofenb KieMMbl, KoTopasi BkitoyaeT 450 000 aneMeHTOB TUMa «TeTpasap» pasme-
pom 1 MM 1 90 000 y3noB. [Ins npoBefeHUs BepudpuKaumm paspaboTaHHOM MoJeNu U pe3ynbTaToB pacdeTa NpoBeaeHbl
nabopaTopHbIe UCMbITaHWUS HAaTYPHOW KIEMMbI C ONpefiefeHNeM HanpsdXKeHU KpyYyeHu s U u3rnba MeTogom TeH30MeTpU-
poBaHwus. laTunku 6asoni / = 5 MM Ans perncTpaumm KacaTeNbHbIX HaMPsXXeHU OT KpyYeHUst HaknenBanucb nog yrinom 45°
Ha guameTpasibHO NMPOTMUBOMOJIOXKHbIX y4acTKax NpyTKa Ha BHELIHEM U BHYTPEeHHEM paguycax B 30HaX TEXHONOrMYecKnx
nepernboB ynpyrov KneMmbl. [Ans pernctpaumm U3rmbHbIX HaNpsKeHWU AaTYMKM HaKNEMBANW B BEPXHEN YaCTU HapyxX-
HbIX MOMEepeYHbIX y4acTKOB yrNpyromn KNemMmmbil.

Pe3ynbratbl. BoinonHeHa BUpTyanbHas 1 3KCNepuMeHTanbHas TapypoBKa yrnpyron KneMmebl. PacyeTHbIM nyTem onpe-
JeneHbl HaNpsXeHWs KpydeHus, n3rnba v skBuBaneHTHble. MokasaHo, YTo Havbornee BbICOKMI YPOBEHb SKBMBANEHTHBIX
HanpshkeHUN HabniofaeTcs B 30HaX TEXHONOTMYECKMX NepernboB. BbINoNHeH cpaBHUTENbHBIN aHaNN3 pacieTHbIX U 3KC-
neprvMeHTanbHbIX 3HAYEHUI HaNPSAXKEHNIN B KOHTPOMbHbIX TOUYKaX.

06Gcy)caeHue U 3akoveHue. CpefHss BeMYMHA PacxoXaeHU no 13 KOHTponbHbIM Toukam cocTtasuna 10,1 %. 3T1o
Mo3BONSAET CAeNaTh BbIBOA, YTO pa3paboTaHHas KOHeYHO-31leMeHTHas Mogenb ynpyron knemmbl Skl 14 ¢ foctatouHowm gns
NPaKTUY4eCKOro NpMMeHeHMs TOYHOCTBIO MOXET NCMOJIb30BaThCA A9 onpeeneHns ee HanpsXKeHHo-4edopMMUPOBaHHO-
o COCTOSIHUS, YPOBHU HaMpPs)XeHWU MOTYT CTaTb 3TafloHaMu Npuy pa3paboTke HOBbIX KOHCTPYKLMI kKnemm. ViccnefoBaHums
HanpshXeHHO-Ae(POPMUPOBAHHONO COCTOSIHUSA YNPYrnX KNeMM LienecoobpasHo MpoAoIXUTb B YCIOBUSX 3KCMnyaTaLmm
c onpepeneHneM BAUSHUSA CKOPOCTU ABMXXEHUS, OCEBOM Harpy3ku, KOHCTPYKLMM SKUMAXHbIX YacTen, COCTOSIHUS Konec-
HbIX Nap N COCTOSHMA MOBEPXHOCTM KaTaHUS PeNibCOB, a TaKXXe C UCMOoJIb30BaHNEM NPUMEHEHHON MeTOANKM aHanunsa.
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Determining the stress-strain state of the elastic clip
of rail fastening W30

Valery S. Kossov, Oleg G. Krasnov[<, Maksim V. Timakov,
Andrey L. Protopopov, Sergey V. Chunin, Maksim A. Litvinov

Research, Design and Technology Institute of Rolling Stock,
Kolomna, Russian Federation

ABSTRACT

Introduction. The article provides performance evaluation of the elastic clip of intermediate rail fastening during their
strength characteristics assessment. In modern conditions this issue is solved by modelling using the finite element method.
In order to obtain reliable calculation results, the authors carry out verification of the finite element model. The purpose
of the article is to model Skl 14 elastic clip of W30 intermediate rail fastening, as well as to verify the obtained results
of the clip under static loading on the test bench by strain-gauging method.

Materials and methods. For stress-strain modelling the researchers developed a finite element model of the elastic clip,
which includes 450,000 elements of the tetrahedron type of size 1 mm and 90,000 nodes. In order to verify the developed
model and the calculation results, laboratory tests of full-scale terminal were carried out while determining tangentional
and bending stresses by strain-gauging method of a full-scale clip were performed while determining torsional and bending
stresses by the strain-gauging method. Sensors with base of / = 5 mm for recording tangential stresses due to torsion were
glued at 45° on diametrically opposite sections of the bar on the outer and inner radii in the zones of technological bends
of the elastic clip. Sensors were glued on the upper part of the outer transverse sections of the elastic clip to register
bending stresses.

Results. Virtual and experimental calibration of the elastic clip was performed. Calculation tests were conducted
to determine tangential, bending and equivalent stresses. They showed that the highest level of equivalent stresses
is observed in the zones of technological bends. A comparative analysis of calculated and experimental values of stresses
at measuring points was performed.

Discussion and conclusion. The average value of discrepancies for 13 test points was 10.1%, which allows to conclude
that the developed finite element model of Skl 14 elastic clip with a sufficient accuracy for practical application could be
used to determine its stress-strain state, and the stress levels may become standards for the development of new clip
designs. It is advisable to continue studies of the stress-strain state of elastic clips under operating conditions with the
determination of speed influence, axial load, undercarriage design, condition of wheel pairs and tread of rails, as well as
to use the applied analysis methodology.

KEYWORDS: intermediate rail fastening, elastic clip, finite element model, tangential, bending and equivalent stresses,
strain-gauging method, verification, convergence
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BBenenne. PerbcoBbie CKpeTuleHUS CIy»KaT IJIST TIPH-
KPETUICHUST PeIbCOB K IITIajaM, BBITIOIHSISI TIPA 9TOM PSIIT
BaXKHBIX 3a7a9:

o COXpaHSITb CTAOMIBHOCTH PEITBCOBOI KOJIEH;

o YIpyro mepefaBaThb AWHAMUYECKUE BO3IEHCTBUS
OT KOJIEC KeJIe3HOIOPOKHOTO TTOBUXKHOTO COCTABA;

o TaCUTh BBICOKOTOYHBIC BUOpPAIINM, MHTCHCUDUIIN-
pyloInre HaKOTUIEHNE OCTATOYHBIX iehopManinii 6amnacr-
HOTO CJIOSI 3¢MJISTHOTO TT0JIOTHA KeJIE3HOTOPOXKHOTO ITYTH;

» obOecrieunBaTh MOCTATOYHOE COMPOTHUBICHUE TIPO-
TIOTBHOMY TIEpEeMEIICHIIO PejTbca.

Ha poccuiickux Xene3HbIX J0porax C pesibCOBBIMU
ckpermeHussMu cuctembl W30 Vossloh (DPoccito) akerry-
atupyetcs 2269 KM XeJIe3HOZOPOXHOro mytu win 2%
OT 0O01LEel MPOTSKEHHOCTH [1].

Hemocratkom penbcoBBIX cKperieHmit cucteMbl W30
SIBJIICTCST HEMPOYHOCTh OOKOBBIX ITOJTMMEPHBIX YIIOPOB
Wip 30K-12NT [2].

Vrpyrag xiemMma Skl 14 gBasieTcst ajeMeHTOM y3ja
penbcoBoro ckperuieHus cucteMsl W30 (puc. 1), KoTopast
Co3IaeT CTabMIbHOE TPMKUMHOE YCHIIME U COTIPOTUBIIC-
HUE YTOHY peibca. LleHTpanbpHast meT/Ist yIpyroi KIeMMBl
Mpe0TBpalllaeT PACKAHTOBKY pejibca, a TAKXKE 3alUIIACT
CBOOOIHBIC KOHIIBI KJIEMMBI OT Ae(OpMaIInii.

Puc. 1. OGmuii BUI MPOMEXYTOTHOTO PETHCOBOTO CKPETIICHUSI
cuctembl W30*:
1 — ympyrast knemma Skl 14; 2 — 1ieHTpaibHast IETIIS YIIPYTOi KIIEMMBI,
3 — cBOOOIHBIE KOHIIBI KJIEMMBI
* McTouHNK: caift kommanuu Vossloh'

Fig. 1. General view of the intermediate rail fastening of W30 system*:
1 — Skl 14 elastic clip; 2 — central loop of elastic clip; 3 — free clip ends
* Source: Vossloh company website

B cBs13u ¢ pasButHeM B Poccmm BBICOKOCKOPOCTHOTO
IBIDKECHUSI KOHCTPYKIINM 3KEJIE3HOIOPOXHOIO IYTH C pe-
CYpPCOM 2,5 MJIpA T OPYTTO IPOITYIIEHHOTO TOHHAXKA POCCHIA-
CKUMH KOHCTPYKTOpAaMM pPa3pabaTHIBAlOTCS HOBBIC THIIBI

MIPOMEXYTOUHBIX PETbCOBBIX KIIEMM. YUMTHIBASI TTOJIOXKHU-
TEJIBHBINA OIBIT SKCILTyaTalluy yrpyrux kieMm Skl 14, pas-
paboTynky penbcoBbix ckperuienuii KBP-65ITIIP (mo-
nepHusuposanHoe), 2KBP-65TILUT, MLT2I1.1, ULIT2Y.2
MIPUMEHWIN (POpMy YIIPYTUX KIEMM B BUIE IIPOCTPAHCT-
BEHHOTO KpuBOro Opyca. st oTpaOOTKM KOHCTPYKIIUI
BHOBb pa3pabaThIBaCMBIX YIIPYTUX KJIEMM BaXXHO HWMETh
BepU(PHUIIMPOBAHHYIO KOHEYHO-3JIEMEHTHYO Mozaelb. Co3-
JTAHVE HAJIEXKHBIX KOHCTPYKUMI YIIPYTUX KJIEMM MO3BOJIAT
TTOBBICUTD TTOTPEOUTEIBCKIE CBOMCTBA PETBCOBBIX CKpeE-
IJICHWI 1 pecypc MyTH B IIEJIOM.

Martepuansl 1 MeToabl. JIJIsT ompenesieHus TOITyCTH-
MBIX YPOBHEW 3KBMBAJICHTHBIX HAIPSDKCHWI B HACTOSI-
e cTaThe MTOCTaBJICHA IIeJIb MCCIIEA0BATh HATIPSKEHHO-
neopMUpPOBAaHHOE COCTOSIHUE yrpyroit kiemmbl Skl 14,
KaK TIpOIIeIIIeil IMMPOKYI 3KCIUTyaTallMOHHYIO ampo-
oanuIo.

Jnsa ompeneneHuss HaMpsKeHHO-AeOOPMUPOBAHHO-
o COCTOSTHMST yripyrux kiaeMm Skl 14 TeopeTHdecKMMU
U 3KCIIEpUMEHTAIbHBIMU METOXAMU HEOOXOOUMO M3Y-
YUTHh 3aBUCUMOCTH HAIPSDKEHUM M3TH0a M KpydeHUs,
a TaKKe TIEPEeMEIIICHUST YCOB YIIPYTOM KJIEMMBI OT TIPUIIO-
>KEHHOU CcWIIbl. 11T IpoBeIeHUs TEOPETUISCKUX MCCIIe-
IIOBaHUI ObLIa pa3paboTaHa KOHEUYHO-3JIEMEHTHAs MO-
JIeJTb YIIPYTOW KJIEMMBI, TIPEICTaBICHHAsT Ha pUC. 2.

Bapmamum pasmepa M TuMa KOHEYHBIX 3JIEMEHTOB
IIpY HaTPy>KeHUU SAIMHUIHON CUJIO TIPUBENIN K BHIOOPY
B ITOJIB3Y 2JIEMEHTA TUITA «TETPAdIP» pasMepoM 1 MM.

KoneuHo-31eMeHTHAast MOZIEIh YIIPYTOi KIIEMMBI BKJTIO-
yaeT 450 000 271eMEHTOB THUIIA «T€TPAdIP», 00PA30BAHHBIX
90 000 y3mamu. beuta BeITIONHEHAa BUPTYadbHAsT Taph-
poBKa yrpyroii kiiemMmbl Skl 14 1 nmpousBeneHO cpaBHe-
HHUE PEe3yJBTaTOB ¢ HATYPHBIM 3KCIlepuMeHTOM. KoHeu-
HO-3JIEMEHTHAsl MOIeidb KJIEMMBI B 30HE ILIEHTPaIbHOM
MeTd 4epe3 IIaTUK, UMUTHPYIOIINN TUIOCKYIO IIaiioy,
Harpyxajaachb BEPTHUKAJIbLHOM CTyNeHYaTOM Harpy3Ko.
[Mpn yBenmIeHUM CHMIIBI, UMUTHUPYIOIICH BEIUYMHY 3a-
TSDKKHM TTyTEBOTO IIypYIia, YBEIWYUBAJICS IMPOTHO IIEHT-
pabHOM METIIN, U C IIIaroM 1 MM (hMKCHpOoBaIach BeTUUN-
Ha 3TO¥ CUJIbI B MTaHHBIN MOMeHT (puc. 2). ['paduk 3aBu-
CUMOCTH Mporuda yrnpyroit kiaeMmbl Skl 14 oT BeTUYUHBI
BEPTUKAJIbHOM CHWJIBI, IIPUJIaraeMoi K yIIpyrou KJIEeMMeE,
MpeACTaBJIeH Ha puc. 3.

W3 rpacduka BUOAHO, YTO TIpU IPOTHOE HEHTPATbHOMU
MEeTIN KJIEMMBI 8 MM, YCUJIME IPYKATUS UMUTATOpA IIIy-
pyIIa K IIeHTpaJIbHO TTeTye cocTasisteT 21 KH. BenmmauHe!
SKBUBAJIICHTHBIX HAIIPSDKEHWI B KJIEMME U MX pacIipesie-
JICHVE TIPeCTaBICHBI Ha pHC. 4. AHAIU3 HAIIPSDKEHHO-Ie-
(GOpMUPOBAHHOTO COCTOSTHUS ITOKAa3ajl, YTO MaKCHUMaJlb-
HBbIe SKBUBAJICHTHBIC HAIIPSDKEHUS BO3ZHMKAIOT B 30HAX
TEXHOJIOTUIECKUX TIEPETHOOB.

! Caiit kommanuu Vossloh [ D1eKTpoHHBILA pecype]: https://vossloh-rail.ru/wp-content/uploads/2020/10/1-%D1%81%D0%BA%D1%80%D0%

B5%D0%BF%D0%BB-scaled.jpg (nata obpaienusi:13.02.2025).
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Puc. 2. KoHeuyHO-3/1eMeHTHasE MOJIENIb YITPYTOil KIIEMMBbI
TMPOMEXYTOUYHOTO PEIbCOBOTO CKpeIieHUs cucteMbl W30*:
3€JIEHOM CTPEJIKOI 0003HAYEHA CHJIA, TIPUIOXKEHHAST K METAJUTHYECKOMY
IJTATUKY; KPACHBIMU CTPEJIKaMK 0003HAYCHBI 3aKPETIIEHUST MOJIEIIN
OT BEPTUKAIbHBIX CMEIEHHI B 30HE KOHTAKTa CO CKPETUICHUEM;
CUHUMHU CTPEJIKaAMU 0003HAYEHBI 3aKPETIICHUST MOJEITI
OT FOPU30HTAIBHBIX TIOMIEPEYHBIX CMEIIEHUI B 30HE KOHTaKTa
CO CKPEIUICHHEM; Ha TUIOCKOCTH CUMMETPUH MOJIeJTb 3aKperieHa
OT MPOIOJIbHBIX TOPU30HTAILHBIX CMEIIEHUIT B 30HE KOHTaKTa
CO CKpETUICHUEM
* VIcTOYHUK: pa3paboTaHO aBTOpaMu

Fig. 2. Finite element model of the elastic clip of the intermediate rail
fastening system W30*: the green arrow indicates the force applied to the
metal pad; the red arrows indicate the anchoring of the model from vertical
displacements in the contact surface with the clip; the blue arrows indicate
the anchoring of the model from horizontal transverse displacements in the
contact surface with the clip; on the centre plane the model is fixed from
longitudinal horizontal displacements in the contact surface with clip
* Source: developed by the authors
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Puc. 3. 3aBucumMocTu rporu6a yrpyroit kiiemmbl Skl 14 oT BeTMUMHbBI
BEPTUKAJIBHON CWIIBL, PUJIaraeMoM K yIpyroi KieMme
TIPOMEXYTOYHOTO PEJTbCOBOTO CKpeIieHust cucteMbl W30*:
CUHSISI IUHUST — DKCTIEPUMEHT; KpacHast IMHUSI — pacueT
* VicTOYHUK: pa3paboTaHO aBTOpaMu

Fig. 3. Dependences of the deflection of Skl 14 elastic clip on the
magnitude of the vertical force applied to the elastic clip of the
intermediate rail fastening system W30*:
blue line — experiment; red line — calculation
* Source: developed by the authors
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Puc. 4. HanpstxeHHO-1e(hOpMUPOBAHHOE COCTOSIHUE YIIPYTOii
kaemMbl Skl 14 mpy BUPTyaTbHOM MPOTrMOe LEeHTPaIbHOM neTan™
* VIcTOYHUK: pa3paboTaHO aBTOpaMu

Fig. 4. Stress-strain state of Skl 14 elastic clip at virtual deflection
of the central loop*
* Source: developed by the authors

It GoJiee HarJISAHOTO MIPEACTAaBICHUS YPOBHEN 9KBU-
BaJICHTHBIX HaMpsixKeHU i yrpyroit kiaemmbl Skl 14 paccmo-
TPeHbI (PparMeHTHI ¢ KOHTPOJIbHBIMU TouKaMu. Haubonee
XapakTepHble TMpeNcTaBlieHbl Ha puc. 5. B KOHTpOJBHBIX
M3MEPUTENIbHBIX TOYKAX, PACTIOJOKEHHBIX B XapaKTepPHBIX
30HAaX, OMNPENEISUINCh YCPEIHEHHbIE YPOBHU HampsiKe-
HMI IO HECKOJIBKUM Y3JIOBBIM TOYKaM, PacroIOXKEeHHBIM
Ha MOBEPXHOCTU KJIEMMBI, YTO XapaKTEPHO IS TEH30/aT-
YUKOB 0a30i1 5 MM, KOTOpbIE TTPUMEHSITUCH MPU SKCIIEPHU-
MEHTaJIbHBIX UCCIICTOBAHUSIX.

Jng Bepudukanuu paszpabOTaHHONW KOHEUHO-3Je-
MEHTHOI MOJeIN 10 BeJIMYMHAM MEXaHWYeCKMX Harpsi-
SKEHMI1 OBUTM TTPOBEIEHBI SKCIIEPUMEHTAIbHbBIE UCCIIEN0-
BaHUS MO M3YYEHUIO 3aBUCUMOCTH HaIpSDKEHMI M3ruda
U KPY4YeHUs OT MPWJIOXKEHHON CuJIbl. BhIMojgHeHb! Ja-
OopaTopHbIEe UCITBITAHWSI HATYPHOM KJIEMMBI C OIpe/e-
JIECHMEeM HaIlpsSDKeHUH KpydeHMsl, a TakKe M3rnbda MeTo-
JIOM TeH30MeTpupoBaHUs. JaTunku 6a3oii / = 5 MM s
perMcTpanuy KacaTeJbHbIX HaIpPSDKEHUM OT KpydeHUst
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Ne 10: (1346 + 1335 + 1352 + 1316 + 1339 + 1412)/6 = 1350 Ma
Ne 12: (1201 + 1248 + 1232 + 1241 + 1304 + 1302)/6 = 1255 Mla

Puc. 5. XapakTepHble (hparMeHTsl yrpyroii KiieMMbl SKI 14 TpoMeKyTOUHOTO peibcOBOro ckperuieHust cucteMbl W30:
OCpe/IHEeHUE 3HAUYeHU I MeXaHUUECKUX HAMPSDKeHUI 1o y3/1aM, MoMafaloliM B 30HY HaKJIeHKH TeH304aTurKa 6a30it 5 MM
B 3aJJaHHOM HaIpaBJIeHUU I10 €0 JUTMHE U IIUpUHe™*

* UcTOoYHUK: pa3paboTaHO aBTOpaMu

Fig.5. Characteristic fragments of Skl 14 elastic clip of the intermediate rail fastening of the W30 system: averaging of mechanical stress values over
nodes getting into the area of the strain-gauging sensor setting with a base of 5 mm in a given direction along its length and width*
* Source: developed by the authors

HaKJIEMBAJIUCh IMOJT yIJIoM 45° Ha TMaMeTpayibHO IIPOTUBO-
TOJIOKHBIX YYacTKaX MpyTKa Ha BHEIIHEM W BHYTPEHHEM
paarycax B 30HaX TEXHOJOTUYECKUX MeperndoB ynpyroi
KiIeMMBbI. [Tt peructpaniy Uu3ruOHbIX HAMPSDKEHWH 1aT-
YUKW HAKJIEMBaJIW B BEPXHEW YaCTH HAPY>XKHbBIX MTOTEepey-
HBIX YYACTKOB YIIPYTOll KJI€MMBbI B COOTBETCTBUM CO CXE-
Mot (puc. 6). Ha kinemmy ckperuieHUst ObLTHA yCTaHOBJIE-
HbI TeH30pe3UCTOPhI No 1—8 11t u3MepeHust HaTpsKeH Uit
KpydeHust 1 Ne 9—16 i u3MepeHus! HanpspsKeHU, aeii-
CTBYIOIIIMX B MPOJIOJIBHOM OTHOCUTEJIBHO OCH TIPyTKa Ha-
TpaBJIeHUM.

O6mmit Bua ynpyroii kiemmbl Skl 14 mpomexyrou-
HOTO PeJbCOBOTO CKperieHus: cucreMbl W30 ¢ ycTaHOB-
JIEHHBIMU T€H30PE3UCTOPaMHU MTOKa3aH Ha puc. 7.

Knemma Skl 14, obGopymoBaHHasi TeH30pe3MCTOPA-
MM UIS M3MEPEeHUs] HAIPSDKeHWM KpydeHUs W M3ruoa,
YCTaHOBJICHHAs B JIOKEMEHTE IJIT HarpyKeHHUsSI Ha WC-
meiTateTbHOM MammHe MK-100, mokaszaHa Ha puc. 8, a.
Knemma Skl 14 cTymeHUaTo Harpyxajaach BepTUKAIbHOMN
cwtoit ripu nepeMertenusx 0, 1, 2...8 MM Ha UCITBITaTeIb-
Hoit MammmHe MK-100. TTpouecc Harpy:XeHUs KIeMMBI
BEPTUKAJIBHOW CUJIOM M TI€pEMELIeHUs LEHTpaJbHOU
METIIN YIIPYTOi KIIEMMBI OT TIPUJIOXKEHHOM CHIIBI TTOKa3aH
Ha puc. 8, 6. [Ipu Kaxmoii cTyneHn Harpy>KeHUs TPOBO-
IAJIACh PETUCTPALINS HAMPSKEHUI ¢ BEIBOIOM Pe3yJIbTa-
TOB Ha U3MEPUTEJIbHBII KOMIUIEKC.

Pe3ynbTaTbl. Pe3ynbTaThl M3MepeHMI HaIIpsDKEHUI
MpeCTaBAEHbI B Ta0. 1.
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Puc. 6. Cxema pacrnoyioXeHus! 1 HyMepalusi KOHTPOJIbHBIX TOUEK
(IaTYMKOB) JUIST U3BMEPEHUST MEXAHMUECKUX HATIPSKEHU B KJIeMMe
TTPOMEXYTOUHOTO PEJILCOBOTO CKPeTUieHUsT cucteMbl W30*:

1—8 — maruuKu It U3MEPEHNUsT HAMIPSDKEHU I KpydeHust; 9—16 — narauku
IUTST U3MEPEHUST HATIPSDKEHU, IEHCTBYIOIINM B TIPOIOJIBHOM
OTHOCUTETbHO OCH TIPYTKA HATIPaBJICHUM
* VicTOYHUK: pa3paboTaH aBTOpaMK

Fig.6. Layout and numbering of measuring points (sensors) for measuring
mechanical stresses in clip of the intermediate rail fastening system W30*:
1—8 — sensors for measuring tangentional stresses; 9—16 — sensors
for measuring stresses acting longitudinally relative to the axis of the rod
* Source: developed by the authors

Puc. 7. PacnionioxkeHre U3MepUTEIbHBIX CXEM TEH30IaTYINKOB
Ha ynpyroii kiiemmMe Skl 14 TpoMeXyTOYHOTO PeTbCOBOTO CKPETUICHUST
cucteMbl W30*
* UcTouHUK: (pOoTO aBTOPOB

Fig. 7. Arrangement of the measuring circuits of strain gauge sensors on
SKL 14 elastic clip of the intermediate rail fastening of the W30 system*
* Source: authors photo

Puc. 8. CteH10BbIE UCTIBITAHUS YIIPYTOi KJIEMMbl HA YHUBEPCAJIbHOIN MalllMHe 1151 ucnibiTanuit MatepranoB MK-100.01M*:
a) yCTAaHOBJIEHHAs! B JIOXKEMEHTE KJieMMa, 000pyI0BaHHAs TEH30PE3UCTOPAaMU ISl U3MEPEHUST HANPSKEHUIT KpYUYeHUsT U U3ruoa;
0) TIpoLIECC HATrPYKEHUSI KIIeMMbl BEPTUKAJIBHON CUJION U MepeMellleHUs] IEHTPATbHOM MeT/IN YIIPYroi KJIeMMbl
* UcTOUHMK: (pOTO aBTOPOB

Fig. 8. Bench tests of an elasticclip on a universal material testing machine IK-100.01M*:
a) clip installed in the base plate, equipped with strain gauges for measuring tangentional and bending stresses;
0) the process of loading the clip with vertical force and moving the central loop of the elastic clip
* Source: authors photo
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Tab6nuua 1

PesynbTaTel u3mepennii Hanpsukenuii (MI1a) B KOHTpoJbHBIX TOUKaxX (1—16) 11t pa3HbIX 3HAYE€HMI MOIATOBBIX BEPTHKAJIbHbIX NepeMelneHuii™

Table 1
The results of stress measurements (MPa) at measuring points (1—16) for different values of gradual vertical movements*
S TlepemenieHue, MM
0 1 2 3 4 5 6 7 8
1 —4 -70 —130 —195 —264 —337 —411 —485 —560
2 0 104 189 273 362 455 550 640 731
3 -1 —56 —105 —157 =215 —276 —337 —398 —462
4 -1 45 100 150 190 230 290 350 420
5 7 -23 —88 —161 —241 —331 —427 -520 —610
6 -4 41 142 258 385 523 657 794 929
7 -1 =30 -92 —162 —236 —313 -397 —484 —572
8 0 13 43 76 112 149 187 227 268
9 0 —119 —234 —355 —484 —607 -725 -850 -971
10 3 126 246 373 507 635 762 897 1040
12 3 136 264 399 540 672 791 925 1053
13 0 —47 —150 —265 —387 —509 —634 -762 —889
14 —1 66 212 378 552 726 906 1093 1289
15 1 —41 —130 —231 —333 —430 —533 —638 —740
16 -1 58 184 326 470 603 748 896 1039

* UcToyHUMK: pa3paboTaHO aBTOpamMu
* Source: developed by the authors

Oo0cyxnenue. AHaT3 YpOBHEH KacaTeJIbHBIX HATIPSTKE -
HUI (KOHTPOJIbHBIE TOUKU |—8) mokaszai, 4To mocjaeaHue
WU3MEHSIOTCS B IIMPOKOM Muaria3one. Jlarauku, pacroso-
>KEHHBIC Ha IPOTHUBOIIOJIOXHBIX CTOPOHAX TpyTKa, (PUK-
CHPYIOT KacaTeJbHbIC HAIIPSLKEHUS TTPOTHBOIIOIOKHOTO
3HAKA — HAMPSDKEHUS CKATUS «—» U HAMPSKEHUS pacTs-
XKEHUST «+». CpemHHe BEJIMYMHBI KacaTeJIbHBIX HaIpsi-
KEHWI B 30HAX TEXHOJOTWYCCKUX IEPETHOOB COCTABIISI-
i 569 MIla, npu 3TOM MaKCHUMAaJIbHbI€ 3HAYEHUST TOCTH -
ranu 929 MIla. Mx BeIWYMHBI B 3HAUUTEJILHON CTeTIEeHU
3aBUCENIM OT TOYHOCTH ITPOCTPAHCTBEHHOUW OPWEHTALINU
npu HakJieiike naryukoB. CorjacHo [2] moaTBepxIaeTcs
BBIBOJI O TOM, UTO (PAaKTHMIECKOE MECTO 1 BeITMUMHA MAKCH-
MaJIBHOTO HaINPSKeHUS YIIPYTOM KJIEMMBI HE MOTYT OBITh
TOYHO OTIpeNieIeHbl TEeH30JaTYNKaAMU.

B KOHTpOJIbHBIX TOYKax 9—16, KOTOphle pacrioyara-
JINCh B 30HAaX TEXHOJIOTMYECKUX IIEPETHMOOB B IPYTKax
KJIEMMBI, BOBHMKaeT MHOTOOCHOE HaITPSKEHHOE COCTOSI -
HHE, KOTOPOE OTIpeesisieTCs] OMHOBPEMEHHBIM JICCTBU -
eM KPYTAIIUX W M3TUOAIOIMNX MOMEHTOB. MHOTOOCHOE
HAIIPSDKEHHOE COCTOSTHME B 30HAX TEXHOJIOTMYECKUX
MepernooB MPUBOAUT K BOZHUKHOBCHMIO BBICOKMX 3Ha-
YEeHUI SKBUBAJICHTHBIX HAIIPSDKEHUI, KOTOPhIE HOCTH-
raioT 3HadyeHuit 1255...1289 MIlIa. IlpoBeaeHHBIE 2KC-
MeprUMEHTaJIbHbIE W3MEpPEHUsI, BHITTOJTHEHHBIC METOIOM

TEH30METPUPOBAHMS, ITI0Ka3aM YPOBHU HAaIpSLKEHUI
B oTuX Toukax Huxke Ha 150...200 MIla. [1pu sTom cpen-
HUE YPOBHU SKBUBAJICHTHBIX HAIPSDKEHWIH JOCTUTAIA
1003 MI1a, makcumanbHbie — 1289 MIla. ITpu aTom co-
m1acHo [3] mpenesn MpoYHOCTU MaTepuasa yupyrux KieMm
paseH 1300 MIla. YuutbiBas, 4To ypOBHU AUHAMUYECKUX
HaNpsDKeHU B KJIIEMMax OT BO3IEHCTBUS TTOIBWXKHOTO
COCTaBa B TIPSIMBIX YYacTKax ITyTW M KPUBBIX PaJNyCOM
6ojiee 650 M ompenesIOTCS MPOrubaMu MOAPEILCOBOTO
OCHOBAHMSI MOJ MOE3IHOM HArpy3KOU, KOTopast JOCTUTa-
et 1...1,3 mm [4], cpenHue ypoBHU TUHAMUYECKUX HATIPSI-
SKEHWI HOCAT pa3Trpy304HbIi XapakTep W He MPEeBBIIIAIOT
30...40 MIla [5]. D10 onpenenseT KoapduiMeHT 3amnaca
T10 YCTaJIOCTH, OJTM3KUI K €TUHUIIE, YTO CUUTAETCS OTTY-
CTUMBIM ISl TIPYKUH [6] ¥ TTOATBepKIAeTCs YCIEITHBIM
OIBITOM KCITTyaTauunu ckperuieHuit Skl 14 kak Ha oTeue-
CTBEHHBIX, TaK U 3apyOEKHBIX XKeJIE3HBIX TOPOTax.

B Tabn. 2 mpuBeneHb CpaBHUTENIbHbIC HAIPSKEHUS
B KOHTPOJIBHBIX TOUKaX ynpyroi kjaemmsl Skl 14 mpu Be-
JIMYMHE CTaTUYECKOro IMporuba 8§ MM, TOJy4eHHbIE TIpU
MPOBENIEHUU MOJICIMPOBAHUS W KCITEPUMEHTATbHBIX U3-
MEPEHUI.

K aHanm3y mpuHUMaCh KOHTPOJIbHBIE TOYKH, B KO-
TOPBIX pa3iauuue He mpeBbiano 25 %. Beiopocsl nmenn
MECTO B Tpex ToYKax u3 mectHaguatu: 4, 6, 8. CpenHsisa
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BEJIMYMHA PACXOXKIECHU 1O 13-TH KOHTPOJBHBIM TOYKaM
cocraBmwia 10,1 %. DT1o Mo3BOJSIET CAeNaTh BBIBOM, YTO
pa3paboTaHHass KOHEYHO-3JIEMEHTHAs MOJEIb YIIPYroi
kieMMBbI Skl 14 ¢ ocTaTOYHOM TSI TPAaKTUUECKOTO P~
MEHEHUS TOYHOCTHIO MOXKET UCITOJIb30BAThLCS TSI OITpEIe-
JIEHUS €€ HANPSLKEHHO-1e(OPMUPOBAHHOIO COCTOSTHUSI.

Tabnuua 2
CpaBHHUTEJIbHbIE HATIPSIZKEHNS] B KOHTPOJILHBIX TOYKAX, MOJTYJeHHBIX
PACYETHBIM H SKCIIEPUMEHTATLHBIM ITyTeM*

Table 2

Comparative stresses in measuring points obtained by calculation
and experiment*

HanpsoxkeHus
Hanpsxenus
Ne B KOHTPOJIbHBIX
B KOHTPOJIbHBIX IMorpen-
KOHTPOJIb- TOYKaX I10 9KCIe-
. TOYKAX IO pacyeT- HOCTb, %
HOI TOYKHN PUMEHTATBHBIM
HBIM 1aHHBIM, MTTa
naHHbIM, MIla
1 586 560 4,4
2 846 731 13,5
3 477 462 3,1
4 730 420 42,4
5 618 610 1,3
6 576 929 38
7 606 572 5,6
8 913 268 70,5
9 978 971 0,7
10 1350 1040 22,9
11 989 940 4,9
12 1255 1053 16
13 991 889 10,3
14 1437 1289 10,2
15 919 740 19,4
16 1298 1039 19,9

* UcToyHUK: pa3paboTaHa aBTOpaMu
* Source: developed by the authors

3akioyenue

1. Pa3paboTaHHas KOHEYHO-3JIEMEHTHAsI MOJEIb YIIPYy-
roit kaemmbl Skl 14 ¢ mocTtaTouyHO# mJIsI MPaKTUYEeCKO-
Io MIPUMEHEHHUsI TOYHOCTBIO MOXET MCITOJIb30BaThCs IS
omnpeneieHuss ee HaIpseKeHHO-Ie(OpMUPOBAHHOTO CO-
CTOSIHMSL.

2. BeimosHeHHOE MOJEIMPOBaHKE TTIO3BOIUIIO YCTAaHO-
BUTb KOJJMUYECTBEHHbIE BETMUMHDI KacaTeIbHbIX Y 9KBUBa-
JICHTHBIX HaMpsDKeHU B ynpyroit kaiemme Skl 14 mpu Ha-
TPYKEHUY KBA3UCTATUYECKOM BEPTUKAJIBHOM HArpy3KOM.

3. [lokazaHo, UTO B 30HE TEXHOJOTUYECKHUX MTEPETMO0B
B INPYTKaxX KJIEMMbl BOZHMKAE€T MHOI'OOCHOE HampsKeH-
HOE€ COCTOSIHUE, KOTOPOE OIPEALIIETCA OMHOBPEMEHHBIM
NEeUCTBUEM KPYTSIIMX U U3TMOAIOIIMX MOMEHTOB.
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4. MHOTOOCHOE HaMIPSIZKEHHOE COCTOSTHIE B 30HAX TEX-
HOJIOTUYECKUX TIepernO0B MPUBOIUT K BO3HMKHOBEHUIO
BBICOKMX 3HAYCHMI SKBUBAJICHTHBIX HAIPSKCHMI, KO-
TOpBle JOCTUTAIOT 3HaYeHumii 1255...1289 MIla. IIpose-
IIeHHBIE M3MEPEHMSI, BHITTOJTHEHHBIE METOIOM TEH30Me-
TPUPOBAHUSI, TIOKA3aJIM, IYTO YPOBHM HAIIPSDKEHUI B 3TUX
Toukax Hizke Ha 150...200 MITa.

5. YpoBHU OWHAMUWYECKMX HAIPSDKEHWIT HOCSIT pas-
IPY30UHBIf XapakTtep W He TipeBbimapT 30...40 MIla,
YTO oOIpemesiseT Ko3(DGUIIMEHT 3araca 10 yCTaJoCTH,
OMM3KUIT K eAMHUIIE. DTO CUUTACTCS MOIYCTUMBIM IUIS
MIPYXWH U TIOATBEPKIAETCS YCIIEITHBIM OITBITOM 3KCILIY-
atanum ckperutenuii Skl 14 Kkak Ha OTeYeCTBEHHBIX, TaK
1 3apyOeKHBIX JKeJIe3HBIX JOPOTax.

6. [Ipennaraercst MPOAOJIKUTL UCCAEIOBAHUSI HAIPSI-
JKEHHO-Ie(OPMUPOBAHHOTO COCTOSTHUSI YIPYTUX KJIEMM
B YCJIOBUSIX SKCIUIyaTallMM C OIpPEIeICHUEM BIUSHUS
CKOPOCTH IBUXKCHMSI, OCEBOIl HArpy3KH, KOHCTPYKIIMU
SKMITAKHBIX 9aCTeH, COCTOSTHUS KOJIECHBIX Map U COCTO-
STHUS TIOBEPXHOCTHU KaTaHUS PEJIbCOB.
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