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Jloc/iazKkeHHs BIVIMBY XPECTOBHHU CTPIJIOYHOIO MEPeBO1Y HA BePTHKAJIbHI
Ta FOPU3OHTAJBHI JedopMalii THEBMATHYHOI pecOpH MIBUAKICHOT0 PyXOMOro
CKJIANy

Merta. Y po0oTi nependaueHo BU3HAYUTH BEIMYMHH BEPTHKAIBHUX Ta TOPU3OHTAIBHUX JedopMalliii THeBMaTHy-
HOI pecopy MIBUAKICHOTO PyXOMOTO CKJIagy IiJl 4ac pyXy BHUIPOOYBaJIbHOI YCTAHOBKH IO XPECTOBHHI CTPLIOYHOTO
MIepeBOY B NPSIMOMY Ta 3BOPOTHOMY HampsiMkax. Meroauka. [l Bu3HaueHHS nedopMariii MHEBMaTHIHOI pecopr
PO3pO0IIEHO criemianbHUi BUMPOOYBaTbHUM CTEH, IO CKJIANAETHCS i3 MHEBMATHYHOI PECOPH Ta CIELialli30BaHOTO
BUMIipIOBaJIbHOTO oOsasHaHHsA. Jledopmarii MHEBMaTHYHOI PECOPH Y BEPTUKAIbHIA T4 TOPU30HTANIBHIN IIOIIMHAX
BHAMIPSIHO 32 JOMOMOTOI BHCOKOYACTOTHHX IOTCHIIOMETPHYHHX MATUYHKIB JiHIHHUX TMEpeMilleHb, CHTHAIH Bij
SIKAX 34MTAHO 3a JIOTIOMOTOI0 3aIIpOrPaMOBAHOTO aHAIOTOBO-IU(POBOro MepeTBoproBada. st OTpIMaHHS JOCTOBI-
PHHX IaHUX WOAO JedopMaliii MHEBMATUYHOI Pecopu 3/AIHCHEHO MO LIiCTh MPOI3/iB BUIPOOYBAIBHOTO CTEHAA
B IPSIMOMY Ta 3BOPOTHOMY HampsiMKax xpecToBuHH. Pe3yiabraTH. Po3p0o0iieHO METONOMIOr 0 AMHAMIYHUX BHUIIPO-
OyBaHb ITHEBMATHYHOI PECOPH IBUIKICHOTO PYXOMOTO CKJIaJly B YMOBaX pyXy IO XPECTOBHHI CTPLIOYHOTO MEPEBO-
Jly B IPSIMOMY Ta 3BOPOTHOMY HarpsiMkax. OTpUMaHO 3alycH BEPTUKAIBHUX Ta TOPU3OHTAIBHUX JeopMalliii mHe-
BMaTHU4HOI PECOPH HIBUAKICHOIO PyXOMOT'O CKJIaJly B yMOBaxX pyXy MO XpPEeCTOBHHI CTPLIIOYHOTO MepeBoy. Y CTaHO-
BJICHO, 110 fiehopMalrii MHEBMATHYHOI PECOPH y BEPTUKAJIBbHIH IIOIIKHI € BUIIIMMU 32 Ae(opMariii B rOpU30HTANIbHII
wronuHi. CepenHe 3HAYCHHS BEPTUKAIBbHUX AedopManiii MHEBMaTHYHOI PEecopd B MPSIMOMY HANPSIMKY CKIIAIae
3,15 MM, mo Ha 9,98 % BuIIe 3a cepeqHE 3HAYCHHS Y 3BOPOTHOMY HAIPSAMKY PYXY BHIIPOOYBaJIbHOI YCTAHOBKH IO
XPECTOBHHI CTPLIIOYHOTO MEPEBOy. Y TOPH30HTAIBHOMY HANpPSAMKY Taka pisHHULS AedopManii THEBMATHYHOI Pecopr
ckmanae 25,1 %. HaykoBa HOBM3HA. Ynepile BU3HAUYCHO BEPTHUKAJIbHI Ta TOPU3OHTAIBHI JeopMmaii mHeBMaTH4-
HOI pecopH HIBHIKICHOTO PyXOMOTO CKJIaJy B yMOBAaX pyXy IO XPECTOBHHI CTPIIOYHOTO MEPEBOY i3 BpaxyBaHHAM
HamnpsiIMy pyXy, IpsMOro ta 3sopotHoro. IlpakruyHa 3HaunMicTb. Bu3HaueHHs BenMuuH nedopMaliiii mHeBMaTuy-
HOi pecopH O03BOJIUTH AOCIHIKYBaTh ii AMHAMIYHI XapaKTEPUCTHKU B PI3HMX YMOBaX €KCIUIyaTalil pyXOMOro
CKJIay, a Ha cTajii Horo MmpoeKkTyBaHHS OOMpaTH BIINOBIAHI XapaKTEPUCTHKH ITHEBMAaTHYHOI CHCTEMH PECOPHOTO
I/IBILIIYBaHHS Ta BU3HAYATH JAMHAMIYHI IOKa3HUKHU Ta MIOKa3HUKU OE3IEKH PyXy PyXOMOTO CKJIay.

Kniouosi cnosa: mHeBMaTH4HA pecopa; nedopMallis; CTPUIIOYHHUI NepeBiJl; XpeCTOBHHA; MPSIMUIL PyX; 3BOPOTHUI
pyx

Beryn PH, JOJATKOBOI'O pe3epByapa, 3 €AHYBAILHOTO TPY-
0OmnpoBOAy, KJAlaHiB BHCOTOPETYIIIOBAHHS Ta IIe-
pernaay THUCKY MK ITHEBMAaTHUYHHUMH PECOPaMH,
a TAKOX IHIIOrO AONOMDKHOrO oOiyamHaHHsS. Ha
3a3HALSAX YKpaiHM TaKHUM PYXOMHUM CKJIAJIOM
e mmenp-nioiznu AIIKp-2 ta HAIIKp-3, a Takox

Ha 3ami3HMuHOMY TpaHCHOpTi, B yMOBax Mil-
BHUINEHUX MIBUAKOCTEH pyXy, BUKOPHCTOBYIOTH PY-
XOMMI CKJIaJ[, MEXaHIYHA 4YacTUHA SIKOT'O MICTUTh
MTHEBMATUYHY CHCTEMY PECOPHOIO ITiJBilIyBaHHSI.
Taka cucrema CKJIQIAEThCS i3 THEBMATUYHOI peco-
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enexrponoizan  EKp-1 HRCS2
«Hyundai Rotem.

3 ormsmy Ha eKCIUTyaTalilo PyXOMOTo CKIIAay
B YMOBAaX MiJBHIIECHNX IIBHIKOCTEH PyXy BasKJIU-
BHUM € JOTPUMAHHSA JUHAMIYHUX MOKA3HHUKIB Ta I0-
Ka3HHKIB Oe3neku pyxy [12]. T'onoBHuM 4mHOM 1ie
3ICKHTH BiIl AMHAMIYHIX XapaKTEPUCTHK B’S3EH, SKi
3’ €AHYIOTh MIXK COOOIO CKJIAJIOBI €JIEMEHTH PyXOMO-
ro ckiagy. 3o0kpemMa L MHEBMaTH4YHA pecopa
(puc. 1), sika 3HAXOOUTHCS B IPYroMy CTYyIIEHi pe-
COpPHOTO MIiABIIIYBaHHS MK Ky30BOM Ta Bi3KOM
PYXOMOTO CKIIafy.

«Tapnan» Ta

IIneBMaTHUHA pecopa

Puc. 1. [IneBMaTnu4Ha pecopa Ipyroro CTymneHs
PECOPHOTO MiABINTYBaHHS MBUIKICHOTO
PYXOMOTO CKJIamy

Fig. 1. Pneumatic spring of the second stage
of the spring suspension of high-speed rolling stock

3HauHe 30ypeHHS MEXaHIYHA YaCTUHA PyXOMOTO
CKJIaJly OTPUMY€E BHACHIJIOK B3a€MOJIi1 KONICHOI Ta-
PH 3 efleMeHTaMH PEHKOBOI KOJIii B MeXax XpecTo-
BHHH CTPIJIOYHOTO TIEPEBOY (pHC. 2).

Puc. 2. Pyx koseca 1o XpecTOBHHI CTPUIOYHOTO
nepeBoay

Fig. 2. Movement of the wheel along
the crosspiece of the turnout

Cii3 3a3Ha4uTH, 1110 OUIBIIICTE JOCIIKEHD JIH-
HaMIYHOI TOBEIHKM MHEBMATHYHOI PECOpH Crpsi-
MOBaHI Ha 3HaXOJKEHHsI XapaKTEPUCTHK JKOPCTKOC-
Ti Ta nemngyBaHHS, 32 YMOBU MONEPEIHBOTO 3a-
JaHHS CMHYycoinansHOro 30ypeHHsa. Onnak 30ypeH-

Hi y MeXaX XPeCTOBHHH CTPUIOYHOTO TEPEBOAY
Ma€ CKJIAJIHUM BUMAJKOBHUI XapakTep, 1o Tepeada-
Yae HEOOXiIHICTh NPOBENEHHS HATYPHHX IOCIi-
JOKCHD TUHAMIYHOI pOOOTH THEBMATHYHOI PECOPH.

OTxe, TOCHIKeHHS BIUIMBY XPECTOBUHU CTpi-
JIOYHOTO TIEPEBOJIy HA BEPTUKAIbHI Ta TOPU30HTA-
JBHI medopmartii MHeBMAaTHIHOT PEeCOpH IIBUAKIC-
HOTO PYXOMOTO CKJIaAy € aKTyaJIbHUM 3aBIAHHSM.
Ile 103BOMUTH YCTAaHOBUTH 3aKOHOMIPHOCTI 3MiHU
BEPTUKAIBHUX Ta TOPU3OHTAIBHUX jaedopmartiii
ITHEBMATHYHOI PECOpH Ta MOCTOBIpHIIE BH3HAYA-
TH JWHAMIYHI TTOKa3HUKHU, a caMe KOedilli€HTH Be-
PTUKAIBHOI Ta TOPU30HTAIBHOT JUHAMIKY NIBUJIKI-
CHOTO PYXOMOTO CKJIQJy B MEXaX XPEeCTOBUHH CTpi-
JIOYHOTO TIEPEBOIY.

Merta

OCHOBHOIO METOI0 POOOTH € EKCIEPHUMEHTAIb-
HE BCTaHOBIJICHHS BEeNMWYMH Aedopmalliii mHeBMa-
TUYHOI PECOPH IMIBUAKICHOTO PYXOMOTO CKIIATy
y BEPTUKAJIBHIN Ta TOPU30HTAIBHIHN TUIOIIMHAX ITi]T
Yyac pyxy BUIPOOYBaJIbHOI YCTAHOBKH MO XPECTO-
BHHI CTPLJIOYHOTO TEPEBOLY y TIPSIMOMY Ta 3BOPO-
THOMY HarmpsMKax.

Jns mocsrHeHHST 3a3HAYEHOI METH HEOOXiTHO
BUKOHATH TaKi 3aBJIaHHS:

1. Po3poOuTH METOMOJIOTII0 JUHAMIYHUX BH-
MpoOyBaHb ITHEBMATHUYHOI PECOPU B YMOBAX PyXy
MO XPECTOBHHI CTPLIIOYHOTO MEPEBOY.

2. Jocmiant 0COOIMBOCTI 3MIHHM BEJIMYUH JIe-
¢dopmariiii MHEBMATUYHOT PECOPU y BEPTUKANBHIN
Ta TOPU3OHTAIBHIHM TUIONIMHAX B YMOBaX PyXy IO
XPECTOBUHI CTPIJIOYHOTO EPEBOTY.

Metoauka

Jlis BU3HAYCHHS JMHAMIYHHMX XapaKTCPUCTHK
MHEBMATHYHOI PECOPH BHUKOPHUCTOBYIOTH TCOPETHU-
YHI Ta eKCIepUMEHTaIbHI Meroau. TeopeTHuHi
METOJIM Tepen0avaroTh BUKOPUCTAHHS MEXaHid-
HUX, TEPMOJMHAMIYHUX Ta CKIHUCHHOCIEMEHTHHX
MaremataHux Mmozenei [2]. ExcriepumeHTanbHi
METOJIU Tepen0auaroTh BUKOHAHHS CTaTUYHUX a00
JUHAMIYHUAX BHITPOOYBaHb MHEBMATHYHOI PECcOpH,
3a JIOTIOMOTO) CHJIOBOTO Ta BHMipIOBaJILHOTO 00-
nagHanHs [1].

MexaHniyHi HemiHiiHI AuHaMidHi Momeri [5—6]
riepea0avaroTh B3a€MO3B’SI30K MiXK CHJIOKO Ta Aedo-
pMalli€ro, BOHM 3aCHOBaHI Ha CYNEPIO3MINT CHIT
MPYXKHOCTI, TEPTS 1 B’SI3KOCTI. 3aITydeHHsI CUITH Tep-
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TS O3HA4ae, IO MOXKHA BPAXOBYBATH ITiIBHILCHY
YKOPCTKICTh 33 MAJIUX aMIUTITYJ] 3MIIICHHS, a TAKOK
He3aJIe)KHe Bifl IBUIKOCTI nemidyBaHHs (TicTepe-
3WC).

TepmoguHaMiuHi MateMatuuni mozxeni [9, 23]
nepeayciM AaloTh MOXIIMBICTH TPOBECTH AOCHi-
JUKEHHST BEPTHUKAIBHOI TMOBEIIHKM ITHEBMATHIHOL
CHUCTEMH PECOPHOTO MiJBINIyBaHH:], i3 BpaxyBaH-
HSIM JI0ZIaTKOBOTO pe3epByapa Ta 3’ €IHYBaJbHOTO
TpyOOIIPOBO/Y, HA OCHOBI 3aKOHIB TiJpO- Ta Tep-
MOIWHAMIKH.

BukoprcTaHHS CKIHUCHHOEJIEMEHTHHX MOJIEeH
nmHeBMaTu4Hoi pecopu [7, 13, 19, 20] nepenbauae
3HAaXOJKEHHS 11 BTOMHOI MII[HOCTI, a TAKO)K JHUHA-
MIYHUX XapaKTePUCTUK Yy pa3i 3MiHH (PaKTOPiB, SAKi
MOB’s3aH1 SIK 13 KOHCTPYKIII€I0 caMoi pecopH, Tak
1 3 KOHCTPYKIIIE€IO XOJO0BOI 4acTWHU. Taki Jocii-
JOKEHHST BUKOHYIOTh 13 BUKOPWCTAHHSIM CITeITiali-
30BaHOTO MPOTPAMHOTO 3a0€3IeYCHHSI.

VY nparii [22] mpoBemeHO TEOPETHYHE Ta €KCIIe-
pUMEHTaJIbHE BH3HAUCHHS BEPTHKAJIBHOI JKOPCT-
KOCTI ITHEBMaTH4HOI pecopd. [y TeopeTHYHOro
BU3HAYEHHSI 3aCTOCOBAHO PiBHSHHS TEPMOJUHAMI-
KM Ta TiAPONWHAMIKHY, a 3MiHy T€OMETPUYHUX Ta-
pameTpiB BH3HAYEHO aHANITUIHUM MetonoM. llinx
Yac eKCIEePUMEHTAIBHOTO AOCIHIIKEHHS 3aCTOCO-
BYBaHO BUNPOOYBaIbHY YCTAaHOBKY 3 IPHBOIOM
IS 3aJJaHHSI CHHYCOiJaJIbHOTO 30ypeHHS.

VY poboti [18] mocimkeHo BIUTUB 00°€My J10-
JIATKOBOT'O pe3epByapa, JOBXKHHH Ta JiaMerpa
3’€JHYBaJBHOTO TPYOOIPOBOIY Ha XapaKTEPUCTH-
KA THEBMAaTUYHOI CHCTEMH PECOPHOTO IiaBilIy-
BaHHs. CTeHJOBI BUNPOOYBaHHS MPOBEICHO BiJ-
noBiHO 0 crannapty EN13597 3a BepTukanbHO-
ro HaBaHtaxeHHsa 109,8 kH 3 ammutitynoro £10 MM
1 gacrororo Bix 0,5 mo 10 I'm.

BrumBs xapakTepUCTHK ITHEBMATUYHOI CUCTEMU
PECOpHOTO TiNBiNTyBaHHA Ha KOM(OPTHICTh PYXY
pyxoMoro ckiamay gociimkeHo B [4]. Junamiuni
XapaKTePUCTUKN MTHEBMATHYHOI PECOPH 3HAWCHO
eKCIIEPUMEHTAIBHUM HITSIXOM 13 3aCTOCOBYBaHHIM
BUIPOOYBAJIBHOTO CTEH/IA, IKUI CTBOPIOE TOPH30-
HTaJIbHI, BEPTUKAJIBHI Ta 00epToBi cn. [is aHa-
T3y BIUIMBY MOJIEJI IMiJIBICKH Ha XapaKTEPUCTUKU
KOM(OPTYy BHKOPHCTaHO (YHKLil 4acTOTHOI Xapa-
KTEPHUCTHKH, SIKI JAIOTh BEPTHKAJIbHE MPUCKOPEH-
Hs IEHTpa Baru Ky30Ba sK (YHKIIIO CHHYCOiallb-
HO1 HEPiBHOCTI peHKOBOi KOJIii.

Y pob6ori [8] npencraBneHo nekinbka Moeneit
3’ €THYBAJIBHOTO TPYyOOIIPOBOY. Y CTAHOBJIEHO, III0

IUTSE KOPOTKHX 3’ €AHYBAIBHUX TPyOOIPOBOIIB J10-
CTaTHBO BHKOPHUCTOBYBAaTH alreOpaidHy MOEb,
a JUIs BpaxyBaHHA JAWHAMIKH OiNbII JOBTUX
3’€AHYBAIBHUX TPYOOIPOBOIIB HEOOXIAHO 3aCTO-
coByBaTH nu(epeHIiaaTbHy MOIeb. Y MOJANIbIIO-
My MOJENb IMHEBMAaTUYHOI CHCTEMH PECOPHOTO
MiBINTYBaHHS TIOEIHAHO i3 0araTOKOPITYCHOIO MO-
newmo SIMPACK Ta mpoaHami3oBaHO IUHAMIYHY
MOBEIIHKY PyXOMOTO CKJIany.

KommnekcHe ekcriepuMeHTalbHE TOCTIIKSHHS
OUHAMIYHOI TOBEIIHKM ITHEBMAaTH4YHOI CHCTEMHU
pecopHoro mijaBitryBanHs nposeaeHo B [10]. Pos-
poOJICHO ABa PI3HUX MiAXOIU: KBa3iCTATUYHUN — 13
gactoToto 30ypernsa 0,05 ['m, 3a SKOro HEXTYIOThH
3aJ1€)KHOIO BlJ YaCTOTH ITOBEIIHKOIO MiJABICKH, aJie
BPaxOBYIOTb 3B’SI30K MIDK JKOPCTKICTIO Ha 3CYB
1 KpeH, 1 IUHAMIYHHNA — 13 4aCTOTOI0 30ypeHHS 110
20 I', 3a AKOro 4aCcTOTHO-3ajI€)KHa ITOBEIIHKA ITi-
JIBICKH Y BEPTUKAIBHOMY HAIIPSIMKY TIpe/ICTaBJIeHa
3a JIOMOMOT'OI0 TEPMOMHAMIYHOT MOJIEII, a TAaKOXK
JIOJTATKOBO BPaxOBaHAa 3AJIEKHICTh MapaMeTPiB TO-
IIepeYHO KOPCTKOCTI BiJ] HABAHTA)KECHHSI.

VY [15] BUKOpHCTaHO YOTUPH Pi3HI EKCIIepUMe-
HTaJbHI METOAW Ui IOCTIIKCHHS CTaTUYHOI Ta
KBa3iCTaTHYHOI BEPTHKAIBHOI KOPCTKOCTI ITHEB-
MAaTHYHOI PECOPH.

BrinB reomMeTpuYHUX MapameTpiB MHEBMAaTHY-
HOI pecopy Ha ii BepTHUKaIbHY KOPCTKICTh JOCIHIi-
mkeHo B [14]. lns mepeBipkH aleKBaTHOCTI 3a-
MIPOITOHOBAHOT MaTEMAaTHUYHOI MO TMPOBEICHO
eKCIIepUMEHTANbHI JIOCHI/HDKEHHS 3a 4acTOTH 30y-
penns 0,125 I'n. OmHaK TOYHICTH 3alTPOMIOHOBAHOT
MaTeMaTHYHOI MOJIENI TOTIpPIIY€EThCS JJIsl BUTIAJIKY
3HAYHOTO 00’ €My JIOATKOBOTO pe3epByapa.

V npaui [16] po3risiHyTO 1IiCTh MOJENEH MHE-
BMaTHYHOI PECOpPU APYroro CTYIEHS PECOPHOro
MiZBIITYBaHHS PYXOMOTO CKJaay, siKi OI[IHEHO Ha
OCHOBI IOpIBHSHHA 3 eKcnepuMeHTamu. Yacrtor-
HUM Jiana3oH eKCIEePUMEHTAIbHUX JOCIHiIKEHb
nepeOyBaB y Mexax 10 20 ['n 3 amrmiiTyaor0 jae-
¢opmyBaHHA 4 MM. YCTaHOBJIEHO, 1[0 32 YACTOTH
moHan 2 I HeoOXigHO BpaxOBYBaTH HeENiHIHE
B’sI3KEe IEMTI(YyBaHHS.

Brme po0OTH KianaHiB BHCOTOPETYIIOBAHHS
Ta Tepenagy THCKY MK MHEBMAaTUYHUMH pecopa-
MU Ha JUHAMIYHI XapaKTEepPUCTUKU IMHEBMATUYHOL
CUCTEMH PECOPHOrO MiJBIIIYBaHHSA JIOCIIIHKEHO
y [17] TeopeTndHUM Ta eKCIIEPUMEHTAIBHUM LIS~
xoM. PesynbpraTté mokaszanu HEOOXiIHICTH Bpaxy-
BaHHS IIMX OCOOJHMBOCTEH TiJI Yac pyxy KpUBUMH
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IUISHKaMHU MaJjloro pajiyca 3 HEBEJHUKHUMHM IIBUJ-
koctsiMu pyxy. Kpim 1poro, y poboti [21] mocmi-
JOKEHO BIUIMB MOYAaTKOBOTO KyTa HaxXWIy BaKels
KJIallaHa BHCOTOPETYJIIOBaHHS Ha AucOanaHc Bep-
TUKAJFHOTO HABAHTAXXCHHA BiJ KOJNICHUX Tap py-
XOMOT'O CKJIaZly Ha peHKOBY KOJIiIO.

[IpoBenenmii anami3z mpamp BKazye Ha 3HAYHY
3aIiKaBJICHICTh K HAYKOBIIIB, TaK 1 MPAKTHUKIB MH-
TaHHSIMU JOCIIDKEHHS Ta BCTAHOBJICHHS AMHAMIY-
HUX XapaKTEPUCTHK MTHEBMATHYHOI CHUCTEMH PECo-
pHOTO MiABINIyBaHHS pyxoMmoro ckiamy. OmgHak
B CKCIIEPUMEHTAIBHUX JOCTIVKEHHAX OCHOBHHM
30yproBaJIbHUM (PaKTOPOM BUCTYIAE CHHYCOigalb-
Ha HEpIiBHICTH a00 KpUBa AUISHKA 3aJTI3HUIHOI KO-
nii. BigTak HEBUpINIEHUM 3aJUIIAETHCS 3aBIAHHS
JIOCHIJDKEHHST ocoOnmBocTel nedopMyBaHHS THE-
BMaTHYHOI PECOPH MIBUAKICHOTO PyXOMOTO CKJIa-
Iy B YMOBaX PyXy II0 XPECTOBHHI CTPiIOYHOTO
MEepeBOIy.

OcobnuBHii iHTEpec BUKIMKAE JIe(hOPMYBaHHS
MMHEBMATHUYHOI pecopd Mia Yac mpoi3my Kojeca i3
BYCOBHKA Ha CEpACYHHUK Ta i3 CEepJCYHUKA HA BY-
COBHK XPECTOBHHH CTpiIOUHOTO mepeBoay. Ocki-
TBKA Yepe3 crnenndixy KOHCTPYKIIIi Ta BepTUKATb-
HUX 1 OOKOBMX 3HOCIB CEpACYHHKA | BYCOBHKIB
KOJIECO PYXOMOTO CKIIQAy MPODKIKAE BEPTHKAIIb-
Hy HepiBHICTh. lle BUKIMKae 3Ha4YHE AWHAMIYHE
noxaBaHHs cuia [3, 11] Ha pyxomwuii ckiaz, a Bi-
MOBI/IHO, 1 THEBMATHUYHY PECOPY.

HocnimpkeHHs nepopmaliiii pecopu y BepTHKa-
JHHOMY Ta TOPU3OHTAIBHOMY HampsiMax IIijJ 4ac
PyXy CTeHJa IO XPECTOBHHI IPOBEAEHO EKCIIepH-
MEHTaJIbHO. {11 bOrO 3alpPONOHOBAHO PYXOMHIA
CTEHJT 13 THEBMATUYHOIO PECOPOI0 Ta CIIeIiaNi3o-
BaHUM BHMIpIOBAILHUM 00JamHaHHsAM. Po3Mirien-
HS CTEH/Ia Ha XPECTOBHHI HaBEJICHO Ha pHC. 3.

1. Haséaumaxcyeansnuii énox ‘

2. Aamuuru niniitnux nepemiviens ‘

3. Mueemamuuna pecopa ‘

4. Hecyua xoncmpyxuyin cmenoy ‘

3. Hoyméyx

@. Ananoa T

P nes {4 ‘

T. Xpecmoeuna cmpinounoze nepeeody ‘

Puc. 3. Crena i1 mociimkeHns 1eGopMyBaHHS
[MHEBMAaTUYHOI pecopHu

Fig. 3. Test bench for studying the deformation
of a pneumatic spring

KOHCTpYKTHBHO CTEHA CKIAAA€THCA 13 HECHOI
KOHCTPYKLIi — paMu, sika BCTAHOBJIEHA HAa YOTHPH
pyxoMmux koJjeca. Jlo BEpXHbOI METANIEBOI IUIACTH-
HH, 5IKa )KOPCTKO 3’€JHAaHA 3 pPaMoOl0, YOTHpMa BU-
COKOMIITHUMH OONTaM¥ MPHUKPITVICHO MTHEBMATHY-
Hy pecopy WIBHAKICHOTO pyXoMoro ckiamy. Ha
pecopy NpUKIaJeHO HaBaHTa)XXyBaJbHUN OJIOK, L0
JO3BOJISIE Bi3yalli3yBaTH i1 KOJWBAHHS Tix 4Yac py-
XY 110 XPEeCTOBUHI CTPUJIOYHOTO MEPEBOLY.

VY pesynbraTi pyxy CTE€HIa M0 XpecTOBHHI BigOy-
Ba€eThCs Ie(hOPMyBaHHS PECOPH Y BEPTUKATBHOMY Ta
TOPM30HTAJIbHOMY Hampsamax. /[l BuUMIpIOBaHHS
nedopmartiii BAKOpUCTaHO BUCOKOYACTOTHI TIOTEHITI-
OMCTPUYHI JATYUKH JIHIAHUX TIepeMillleHb, sIKi
BCTaHOBJICHO y BEPTHKAJBHIN Ta TOPH3OHTAIBHIN
IUIOIIMHAX BiJJHOCHO JI0 pecopH (puc. 4).
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Puc. 4. Buriisin BCTAHOBIICHHX ITOTEHLIOMETPHYHUX
JATYHKIB JIHIHHAX TTePEMIIlICHb
HA ITHEBMATHYHIH pecopi MIBHIKICHOTO
PYXOMOTO CKJIaIy

Fig. 4. View of the installed potentiometric linear
displacement sensors
on the pneumatic spring
of high-speed rolling stock

CurHaj mnepeMmilleHb 13 MOTEHIIOMETPUUIHUX
JAaTYMKIB 3YUTYIOTH 32 JOIOMOIOIO 3alporpamo-
BaHOI'O aHAJIOrOBO-LM(POBOTO MEPETBOPIOBAYA.
Otpumani gani yepes USB mopr Hagxomste Ha
KOMIT'IOTEp Ta HAKOITUYYIOTHCS B HOTO TIaM’ SITi.

[Iporpama excriepuMeHTaNbHUX JOCHTIIKEHb Jie-
(dbopMyBaHHS ITHEBMAaTHYHOI pecopH repeadadana
BUMIpPIOBaHHS JleopMalliii y BEpTHKaIBHIN Ta ro-
pu3oHTaNBHIH miomuHi. [Ipn npoMy BUMiproBaHHS
BinOyBaJsiocsl MiJ Yac pyXy CTeHIa B IPSMOMY Ta
3BOPOTHOMY Yy HarpsiMax IO XPECTOBUHI CTpilou-
HOTO TIEPEeBOLY. 3 METOI0 OTPUMAaHHS JOCTOBIPHUX
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3HaYeHb nmedopmariiii THEBMaTHIHOI PECOPH, TIPO-
BEJICHO MO WIICTh MPOI3AIB CTEHJA B NPSMOMY Ta
3BOPOTHOMY HampsiMax xpecToBuHH. [1in yac kox-
HOTO MPOT31y BUIPOOYBAILHOTO CTEH/IA 3aITUCAHO
nedopmariii MHEBMATHYHOI PECOPH, a BHUMIPSHI
JaHi 30epekeHo B OKpeMui (aiiin Ha KoMI 1oTepi.

Pe3yabTaTn

Ha mixcraBi HarypHUX BHIIPOOYBaHb ITHEBMATH-
YHOI pecopy MIBUAKICHOTO PyXOMOTO CKJIady OTpH-
MaHO 3aIucy i BepTUKaTbHUX (puc. 5—0) Ta ropu-
30HTaNBHUX (puc. 7—-8) medopmariii B yMOBax pyxy
10 XPECTOBHHI CTPIIOYHOTO TIEPEBO/TY.

Ha ocHOBi aHanizy OTpUMaHHUX JaHUX yCTaHOB-
JIEHO, IO B YMOBAX PyXy IO XPECTOBHHI CTPLIOY-
HOTO TIepeBoy Aedopmariii THEBMAaTHYHOI pecopu
HIBUJIKICHOTO PYXOMOTO CKJaay y BEepTUKAJIbHIH
IUIONIMHI € 3HAYHO BHIIUMH 3a aedopMarllii y ro-
PU3OHTANBHIHN IUIONIUHI.

4 -

Hedbopmaris, Mm

1
(o)}

} } } i
6 8 10 12
Yac, cek.

Puc. 5. 3anuc BepTukanbHuX aedopmarrii
MTHEBMAaTHYHOI PECOPH B YMOBaX pyXy
M0 XPECTOBUHI CTPIIOYHOTO
NEepeBOy B IPSIMOMY HAIPSIMKY

Fig. 5. Recording of vertical deformations
of the pneumatic spring in the conditions
of movement along the crosshead of the switch
translation in the forward direction

Hedopmaris, MM

0 2 4 6 8 10 12
Yac, cek.

Puc. 6. 3anmc BepTHKaIEHUX Aedopmartiit

Fig. 6. Recording of vertical deformations
of a pneumatic spring under conditions
of movement along the crosshead of a turnout
in the opposite direction

Hedopmariist, MM
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Puc. 7. 3anuc ropuzoHTanbHux aedopmartiit
MHEBMAaTHUYHOI PECOPU B YMOBAX PyXy
[0 XPECTOBHHI CTPIJIOYHOTO MTEPEBOIY

y OPSIMOMY HaIPSIMKY

Fig. 7. Recording of horizontal deformations
of a pneumatic spring under conditions
of movement along the crosshead
of a turnout in the forward direction

ITHEBMaTUYHOI PECOPH B YMOBaX PyXy 110 XpPECTOBHHI
CTPLIOYHOTO NIEPEBOY Y 3BOPOTHOMY HAIIPSIMKY

Creative Commons Attribution 4.0 International
doi: https://doi.org/10.15802/stp2024/312930

© A. 5. Kyzumms, B. B. Koansuyk, H. B. Kocris, 2024

67


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.15802/stp2023/292720

PYXOMMI CKJIAJL I TATA TIOI3/11B

ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayka Ta nporpec tpatcnopty, 2024, Ne 3 (107)
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Puc. 8. 3ammc ropuzoHTaNbHUX Aedopmartiit
ITHEBMAaTHYHOI PECOPH B YMOBaX PyXy II0 XPECTOBHHI
CTPIJIOYHOTO MEPEBOAY Y 3BOPOTHOMY HANPSIMKY

Fig. 8. Recording of horizontal deformations
of a pneumatic spring under conditions
of movement along the crosshead of a turnout
in the opposite direction

J7st IOpiBHSTHHST MAaKCUMAJIBHUX 1 CepeiHiX 3Ha-
YeHb BEPTUKAIBHUX Ta TOPU3OHTAJIbHHUX Iedopma-
L MHEeBMATHYHOI PECOPH BHUKOPHCTAEMO 3aIHCH
BCIX JIBAHAIIATH NPOI3/1iB BUIPOOYBAILHOI YCTaHO-
BKM TI0 XPECTOBHHI CTPLIOYHOTO IEPEBOAY B Ipsi-
MOMY Ta 3BOPOTHOMY HanpsiMkax (puc. 9-10).

YcTaHOBJICHO, 1O IMijl Yac Mpoi3ay BUIPOOyBa-
JHHOT YCTAHOBKH MO XPECTOBHHI CTPUIOYHOTO Iie-
peBOly MaKCUMaJbHI 3HAYEHHS BEPTUKAIBHHUX JIE-
¢dbopmariiii THEBMAaTHYHOT pecopy MIBUAKICHOTO PY-
XOMOTO CKJIaJly CKIIQJIAI0Th Y pasi mpsiMOTO PyXy IO
cTpiouHoMy mepeBoay — Bim 2,53 no 4,47 mwm,
a B pasi 3BOPOTHOTO pyxy — Bin 2,46 go 3,26 mm.
VY ropu3oHTaJIbHOMY HANpsMKy MakCHUMallbHi Je-
¢dopmarii Taxi: y pa3i mpsiMoro pyxy Mo XpecTOBUHI
ctpinounoro mepeBoay — Big 0,86 mo 1,06 mwm,
a B pazi 3BopoTHOro pyxy — Bix 0,68 mo 0,80 Mm.

I3 puc. 9—10 ycraHOBIE€HO, IO CEpPETHE 3HAUCH-
HSl BEpTHKaIBHUX JAedopMaliiii mHeBMaTHYHOI pe-
COpU B NPSMOMY HampsAMKy ckiazgae 3,15 mm, mo
Ha 9,98 % BuIEe 3a cepeHe 3HAUYEHHS Y 3BOPOTHO-
MY HanpsIMKy pyXy BUTIPOOYBJIbHOI yCTAHOBKH I10
XPECTOBHHI CTPIIOYHOTO MEpeBOLy. Y TOPH30HTA-
JHHOMY HalpsIMKY Taka pi3HHLS AedopMaliid ckia-
mae 25,1 %. 3a3Hauena 0COOIMBICTE ITOSICHIOCTHCS
YMOBaMH PyXy Kojieca KOJICHOI mapu pyXOMOTro
CKJIaJTy TIO XPECTOBHHI CTPIJIOYHOTO TIEPEBO/TY.

w
1
T
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Az Ay
@ MakcUMaJlbHE 3HA4YEHHS 1-0r0 eKCIIEPUMEHTY

CepeiHe 3HAYCHHS

Puc. 9. BepTtukainbHi Ta ropu3oHTaJbHI AedopmMariii
ITHEBMATUYHOI PECOPH IiJl yac pyXy MO XPECTOBHHI
CTPLIIOYHOTO MEPEBO/LY Y MPSIMOTO HAMPSMKY

Fig. 9. Vertical and horizontal deformations of the
pneumatic spring during movement along the crosshead
of a turnout in the forward direction
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Puc. 10. BepTtukanbHi Ta TOpH30HTAIBHI Aeopmartii
ITHEBMATUYHOT PECOPH i 9ac PyXy IO XPEeCTOBHHI
CTPIJIOYHOTO MEPEBOLY Y 3BOPOTHOMY HATIPSIMKY

Fig. 10. Vertical and horizontal deformations
of the pneumatic spring during movement along
the crosshead of a turnout in the opposite direction
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OTmxKe, IOOCHIMKEHHS JIWHAMIYHOI THOBEIIHKH
MTHEBMATUYHOI PECcCOpy IIBHIKICHOTO PyXOMOTO
CKJIQly B MOAAIBLIOMY J03BOJNUTH MEPEHTH IO BU-
3HAYeHH 11 AMHAMIYHIX XapaKTEPHUCTHK y BUTIAIKY
B3a€MOJIi1 MBUAKICHOTO PYXOMOTO CKJIay 3 elleMe-
HTaMU CTPLIOYHOTO TIEPEBOTY.

I3 mpakTHYHOI TOUKH 30py L€ JO3BOJIUTH L€ HA
eTari MMPOEKTYBaHHS IBHUIKICHOTO PYXOMOTO CKIIATy
MPOBOJMTH BU3HAYCHHS JUHAMIYHHUX MOKA3HUKIB Ta
MOKa3HUKIB Oe3MeKu pyxy I Pi3HUX YMOB HOro
eKCIDTyarTartii.

HaykoBa HOBHU3HA Ta IPAKTUYHA
3HAYUMICTh

VYmepuie BU3Ha4€HO BEPTUKAJIBHI Ta TOPU30H-
TanbHi Aedopmanii MTHEBMAaTHYHOI PecOpH LIBHI-
KiCHOTO PyXOMOT'O CKJIaJly B YMOBaX pyXy IO Xpe-
CTOBHHI CTPIIOYHOTO TIEPEBONY 13 BpaxyBaHHSIM
HaTpsMy PyXy, HpsSMOTrO Ta 3BOpoTHOro. BuzHa-
YeHHS BeNIMYMH nedopMaliiii MHeBMaTHIHOI peco-
P JI03BOJIUTH JOCHIHKYBATH ii TWHAMIYHI Xapak-
TEPUCTUKH B Pi3HUX YMOBax eKCIUTyaTamii pyxo-
MOTO CKJIaJy, a Ha CTaii ioro MpoeKTyBaHHS OOH-
paTtu BIAMOBITHI XapaKTEPHCTHUKH MHEBMATHYHOI

CHUCTEMH PECOPHOTO MiABINIYBaHHS Ta BH3HAYaTH
JMHAMIYHI MMOKA3HUKU Ta MOKA3HUKU OE3IMEKU Py-
Xy PyXOMOTO CKIIafy.

BucHoBku

1. Po3pobieHO METOMONOTII0 NWHAMIYHHUX BH-
npoOyBaHb MHEBMATHYHOI pecOpW IIBUAKICHOTO
PYXOMOTO CKJamy 3alli3HHII B YMOBax pyXy IO
XPECTOBHHI CTPIJIOYHOTO TIEPEBOAY 1 MPSIMOMY Ta
3BOPOTHOMY HaIpsIMKax.

2. Ha ocHOBI OTpHMaHHMX EKCIIePHUMEHTAJIbHUX
JaHUX BEPTUKAIBHUX Ta TOPU30HTAIBHUX Aedop-
MaIliii MTHeBMATHYHOI PECOpH BCTAHOBJICHO, IO ii
nedopmariii y BepTHKAIBHIN IUIOIIMHI € 3HA4YHO
BHIUMH 3a JedopMariii B TOPU3OHTAIBHIN TLITO-
IMHI.

3. YcTaHOBIIEHO, 110 CEepeHE 3HAUCHHS BEPTH-
KadpHUX gAedopMaliii MHEBMAaTUYHOI  pECOpH
B NOpsAMOMY HampsMKy ckiagae 3,15 mm, mo Ha
9,98 % Bue 3a cepeiHE 3HAYCHHS Y 3BOPOTHOMY
HaNpsIMKy PYyXy BHIPOOYBAILHOI YCTaHOBKH IO
XPECTOBHHI CTPIJIOYHOTO IEPeBOMy. Y TOPH30HTA-
JFHOMY HampsIMKy Taka pi3HUI AedopMariiid mHe-
BMaTH4HOI cknamae 25,1 %.
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Investigation of the Influence of a Turnout Cross on Vertical and Horizontal
Deformations of a Pneumatic Spring of High-Speed Rolling Stock

Purpose. The aim of the study is to determine the values of vertical and horizontal deformations of the pneumat-
ic spring of high-speed rolling stock during the movement of the test setup along the cross of the switch in the for-
ward and reverse directions. Methodology. To determine the deformations of the pneumatic spring, a special test
bench consisting of a pneumatic spring and specialized measuring equipment was developed. The deformations of
the air spring in the vertical and horizontal planes were measured using high-frequency potentiometric linear dis-
placement sensors, the signals from which were read using a programmed analog-to-digital converter. To obtain
reliable data on the deformations of the air spring, six passes of the test bench were made in the forward and reverse
directions of the cross member. Findings. A methodology for dynamic testing of a pneumatic spring of high-speed
rolling stock under conditions of movement along the crosshead of a turnout in the forward and reverse directions
was developed. The records of vertical and horizontal deformations of the pneumatic spring of high-speed rolling
stock under the conditions of movement along the crossover of a switch were obtained. It is established that the de-
formations of the pneumatic spring in the vertical plane are higher than those in the horizontal plane. The average
value of the vertical deformations of the pneumatic spring in the forward direction is 3.15 mm, which is 9.98 %
higher than the average value in the opposite direction of the test unit's movement along the cross-section of the
switch. In the horizontal direction, this difference in deformation of the air spring is 25.1 %. Originality. For the
first time, the vertical and horizontal deformations of the pneumatic spring of high-speed rolling stock under the
conditions of movement along the crossbar of a switch were determined, taking into account the direction of move-
ment, forward and reverse. Practical value. Determining the values of deformations of the pneumatic spring will
allow to study its dynamic characteristics in different operating conditions of rolling stock, and at the design stage to
select the appropriate characteristics of the pneumatic spring suspension system and determine the dynamic and
safety indicators of rolling stock.

Key words: pneumatic spring; deformation; turnout; cross member; forward motion; reverse motion

REFERENCES

1. Kuzyshyn, A. Ya., & Kovalchuk, V. V. (2024). Experimental Study of the Regularities of Deformation of the
Rubber Cord Shell of a Pneumatic Spring of High-Speed Rolling Stock. Science and Transport Progress,
2(106), 53-63. DOI: https://doi.org/10.15802/stp2024/306143 (in Ukrainian)

2. Kuzyshyn, A. Y., Kostritsia, S. A., Sobolevska, Yu. H., & Batih, A. V. (2021). World Experience in Creating
Mathematical Models of Air Springs: Advantages and Disadvantages. Science and Transport Progress,
4(94), 25-42. DOI: https://doi.org/10.15802/stp2021/245974 (in Ukrainian)

3. Orlovskyi, A. M,. Kalenyk, K. L., & Kovalchuk, V. V. (2012). Investigation of longitudinal profile of rigid frogs
on reinforced concrete sleepers. Bulletin of the Dnipropetrovsk National University of Railway Transport
named after Academician V. Lazaryan, 41, 130-135. (in Ukrainian)

4. Alonso, A., Giménez, J. G., Nieto, J., & Vinolas, J. (2010). Air suspension characterisation and effectiveness of
a variable area orifice. Vehicle System Dynamics, 48(supl), 271-286.
DOl:https://doi.org/10.1080/00423111003731258 (in English)

5. Berg, M. (1997). A model for rubber springs in the dynamic analysis of rail vehicles. Proceedings of the Institution
of Mechanical Engineers, Part F: Journal of Rail and Rapid Transit, 211(2), 95-108.

DOI: https://doi.org/10.1243/0954409971530941 (in English)

6. Berg, M. (1999). A Three—Dimensional Airspring Model with Friction and Orifice Damping. Vehicle System
Dynamics, 33(supl), 528-539. DOI: https://doi.org/10.1080/00423114.1999.12063109 (in English)

7. Bester, T., Oman, S., & Nagode, M. (2018). Determining influential factors for an air spring fatigue life. Fatigue
and Fracture of Engineering Materials and Structures, 42(1), 284-294.

DOI: https://doi.org/10.1111/ffe.12904 (in English)

8. Docquier, N., Fisette, P., & Jeanmart, H. (2008). Model-based evaluation of railway pneumatic suspensions.
Vehicle System Dynamics, 46(supl), 481-493. DOI: https://doi.org/10.1080/00423110801993110
(in English)

9. Docquier, N., Fisette, P., & Jeanmart, H. (2007). Multiphysic modelling of railway vehicles equipped with
pneumatic suspensions. Vehicle System Dynamics, 45(6), 505-524.

DOI: https://doi.org/10.1080/00423110601050848 (in English)

Creative Commons Attribution 4.0 International
doi: https://doi.org/10.15802/stp2024/312930 © A. 1. Kyzuum, B. B. Kosansuyk, H. B. Kocris, 2024

71


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.15802/stp2023/292720
https://doi.org/10.15802/stp2024/306143
https://doi.org/10.15802/stp2021/245974
https://doi.org/10.1080/00423111003731258
https://doi.org/10.1243/0954409971530941
https://doi.org/10.1080/00423114.1999.12063109
https://doi.org/10.1111/ffe.12904
https://doi.org/10.1080/00423110801993110
https://doi.org/10.1080/00423110601050848

ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayka Ta nporpec tpatcnopty, 2024, Ne 3 (107)

PYXOMMI CKJIAJL I TATA TIOI3/11B

10. Facchinetti, A., Mazzola, L., Alfi, S., & Bruni, S. (2010). Mathematical modelling of the secondary airspring
suspension in railway vehicles and its effect on safety and ride comfort. Vehicle System Dynamics,
48(supl), 429-449. DOI: https://doi.org/10.1080/00423114.2010.486036 (in English)

11. Kovalchuk, V., Bolzhelarskyi, Y., Parneta, B., Pentsak, A., Petrenko, O., & Mudryy, I. (2017). Evaluation of the
stressed-strained state of crossings of the 1/11 type turnouts by the finite element method. Eastern-
European Journal of Enterprise Technologies, 4(7(88)), 10-16.

DOI: https://doi.org/10.15587/1729-4061.2017.107024 (in English)

12. Kuzyshyn, A., Batig, A., Kostritsa, S., Sobolevska, J., Kovalchuk, V., Dovhanyuk, S., & Voznyak, O. (2018).
Research of safety indicators of diesel train movement with two-stage spring suspension. MATEC Web of
Conferences, 234, 1-6. DOI: https://doi.org/10.1051/matecconf/201823405003 (in English)

13.Li, F. X,, Yang, W. M., & Ding, Y. M. (2006). Simulation of Static Test of Air-Spring. Advanced Materials Re-
search, 11-12, 713-716. DOI: https://doi.org/10.4028/www.scientific.net/amr.11-12.713 (in English)

14.Li, X, He, Y., Liu, W., & WEei, Y. (2015). Research on the vertical stiffness of a rolling lobe air spring. Proceed-
ings of the Institution of Mechanical Engineers, Part F: Journal of Rail and Rapid Transit, 230(4),
1172-1183. DOI: https://doi.org/10.1177/0954409715585370 (in English)

15.Li, X., & Li, T. (2013). Research on vertical stiffness of belted air springs. Vehicle System Dynamics, 51(11),
1655-1673. DOI: https://doi.org/10.1080/00423114.2013.819984 (in English)

16. Mazzola, L., & Berg, M. (2012). Secondary suspension of railway vehicles - air spring modelling: Performance
and critical issues. Proceedings of the Institution of Mechanical Engineers, Part F: Journal of Rail and
Rapid Transit, 228(3), 225-241. DOI: https://doi.org/10.1177/0954409712470641 (in English)

17.Nakajima, T., Shimokawa, Y., Mizuno, M., & Sugiyama, H. (2014). Air Suspension System Model Coupled
With Leveling and Differential Pressure Valves for Railroad Vehicle Dynamics Simulation. Journal of
Computational and Nonlinear Dynamics, 9(3), 1-9. DOI: https://doi.org/10.1115/1.4026275 (in English)

18. Sayyaadi, H., & Shokouhi, N. (2010). Effects of air reservoir volume and connecting pipes length and diameter
on the air spring behavior in rail vehicles. Iranian Journal of Science and Technology Transaction B:
Engineering, 34(B5), 499-508. (in English)

19. Sun, J. (2011). Calculation of vertical stiffness of air spring with FEM. 4th ANSA & META International Con-
ference, 1-4. (in English)

20.Sun, L., Li, Z., Shen, X., & Zhu, J. (2013). Simulation and test study on dynamic characteristic of air spring with
auxiliary chamber. Applied Mechanics and Materials, 341-342, 391-394.

DOI: https://doi.org/10.4028/www.scientific.net/ AMM.341-342.391 (in English)

21.Tanaka, T., & Sugiyama, H. (2019). Prediction of railway wheel load unbalance induced by air suspension level-
ing valves using quasi-steady curve negotiation analysis procedure. Proceedings of the Institution of Me-
chanical Engineers, Part K: Journal of Multi-Body Dynamics, 234(1), 19-37.
https://doi.org/10.1177/1464419319867179 (in English)

22. Xu, L. (2020). Mathematical Modeling and Characteristic Analysis of the Vertical Stiffness for Railway Vehicle
Air Spring System. Mathematical Problems in Engineering, 2020, 1-12.

DOI: https://doi.org/10.1155/2020/2036563 (in English)

23.Zhu, H., Yang, J., Zhang, Y., & Feng, X. (2017). A novel air spring dynamic model with pneumatic
thermodynamics, effective friction and viscoelastic damping. Journal of Sound and Vibration, 408, 87-104.
DOI: https://doi.org/10.1016/j.jsv.2017.07.015 (in English)

Hapiitiona mo penkosnerii: 20.05.2024
[pwuitasara no apyky: 23.09.2024

Creative Commons Attribution 4.0 International
doi: https://doi.org/10.15802/stp2024/312930 © A. 1. Kyzuums, B. B. Kosansuyk, H. B. Kocris, 2024

72


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.15802/stp2023/292720
https://doi.org/10.1080/00423114.2010.486036
https://doi.org/10.15587/1729-4061.2017.107024
https://doi.org/10.1051/matecconf/201823405003
https://doi.org/10.4028/www.scientific.net/amr.11-12.713
https://doi.org/10.1177/0954409715585370
https://doi.org/10.1080/00423114.2013.819984
https://doi.org/10.1177/0954409712470641
https://doi.org/10.1115/1.4026275
https://doi.org/10.4028/www.scientific.net/AMM.341-342.391
https://doi.org/10.1177/1464419319867179
https://doi.org/10.1155/2020/2036563
https://doi.org/10.1016/j.jsv.2017.07.015



