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8SJYVXLIVMRGVIEWI TEWWIRKIV XVEMR GSQJSVX ERH LERHPMRK TIVISVQEI
XLIHIWMKR SJIVEMP[E] ZILMGPIW MW RIGIWWEV] -RJEGX EGXMZIW]WXIQW S
TYWLHIWMKR FEVVMIVW FI]JSRH XLSWIIRGSYRXIVIH[MXLNYWXTEWWMZ| W]W

S8LIEVXMGPIHIEPW [MXL XLIHIZIPSTQIRX SJERIPIGXVS QIGLERMGEP EGXY
FILEZMSYV SJ EVEMP[E] ZILMGPI FSXL MR WXVEMKLX XVEGO ERHGYVZI 8LI (
WIWXIQEVIEFVYWLPIWWQSXSVERHEQIGLERMGEP XVERWQMWWMSR YWIH X
XLI GEVFSH] ERH XLI FSKMI SJ XLI ZILMGPI 8LI EGXYEXSV MW STIVEXIH MR JS"
WXVEXIKMIW [IVIHIZIPSTIHJSV WXVEMKLX XVEGO VYRRMRK [LIVI XLIEMQ MYV
WTIIH ERHJIJSVGYVZIRIKSXMEXMSR [LIVIXLIKSEP MW XSVIHYGIXLIQE\MQYC

% QEXLIQEXMGEP QSHIP SJ XLI VEMP[E] ZILMGPI MRGSVTSVEXMRK XLI EGX
HIZIPSTIH ERH YWIH XS STXMQMWI GSRXVSP WXVEXIKMIW ERH LEVH[EVI WIX
IWXMQEXI XLI MRGVIEWI MR STIVEXMRK T TIVISVQERGIW [MXLVIWTIGX XS E GSI

8LI EGXMZI GSRXVSP HIZMGI LEW XLIR FIIR QSYRXIH SR ER )86 VEMPI[E
TIVISVQERGIWLEZIFIIRIZEPYEXIHHYVMRK MR PMRI XIWXW MR FSXL WXVEMK

/NN[SVHWIGLEXVSRMG XVEMR %GXMZI]JE[HEQTIV 7XEFMPMX] 'YVZI RIKSXME>

-RXVSHYGXMSR

(S[RPSEHIH F] 29RMZIVWMX] SJ (IPE[EVIA EX

8MPXMRK XVEMRW WYGL EBVXXLI-XBERAMBR. )86 LEZI EGLMIZIH E k
GSQQIVGMEP WYGGIWW IWTIGMEPP] MR )YVSTI FIGEYWI SJ XLII
SR FSXL WXERHEVH PMRIW ERH LMKL WTIIH XVEGOW ? A 8S EG
RIIH XS GSQFMRI LMKL WXIIVMRK TIVISVQERGIW [MXL LMKL WXE
is well known [2, 3] that these two needs are in conflict with each other: the chosen value of

HIWMKR TEVEQIXIVW WYGL EW XLI WXMJJRIWW SJ XLI TVMQEV]V
MW STXMQMWIH IMXLIVJSV WXIIVMRK SVWXEFMPMX] TIVJSVQER
XLEXER MRGVIEWI MR TIVISVQERGIW SJ XLIWIVEMP[E] ZILMGPIV
SIEGXMZIP] GSRXVSPPIH W]JWXIQW XLEX QE] EHNYWX XLI ZILMG
HMJJIVIRX XVEGO JIEXYVIW

'SVVIWTSRHMRK EYXLSV )QEMP JVERGIWGS FVEKLMR$TSPMQM MX

JILMGPI7]WXIQ (JREQMGW
-772 TV-MRX SRPMRI » 8E]PSV *VERGMW
LXXT[[ XERHJ GIS W\OREPW
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To this end, two approaches are possible: the first one is to re-consider completely the design

SJXLI[LSPIZILMGPIMRSVHIVXSVIEGLEJYPP MRXIKVEXMSR FIX]
INXIRWMZIETTPMGEXMSR SJI GSRXVSPPIHHIZMGIW 8LI WIGSRH ¢
HIZMGIW MRXS I\MWXMRK VEMP[E] ZILMGPIW

In the long term, the first approach is likely to produce a new generation of light and mecha-
RMGEPPIWMQTPI ZILMGPIW [MXLLMKL  TIVISVQERGIWERHPSI[IV
XLI MRXVSHYGXMSR SJI EGXMZIP] GSRXVSPPIHWYF WIWXIQW MC
MRXS I\MWXMRK ZILMGPIW EW XLIEGXMZIWXIIVMRK SJ XLI FSKN
XLIWEJIX]ERHVIPMEFMPMX] SJ XLIWIW]JWXIQW

BLIVIWIEVGLGEVVMIHSYXEXXLI1TIGLERMGEP )RKMRIIVMRK (IT|
LEW PIH XS XLI HIWMKR ERH XIWXMRK SJ ER EGXMZI HIZMGI JSV I
XS FIQSYRXIH FIX[IIR XLI FSKMI ERH XLI GEVFSH] MR XLI WEQI T
HEQTIVW *SV XLMW VIEWSR XLI HIZMGI LEW FIIR GEPPIH uEGXM.
-XEPMER EGVSR]Q %%7%

%W FIXXIVI\TPEMRIH MR WIGXMSR XLMW EGXMZI GSRXVSP W
PSKMGW MR SVHIV XS STXMQMWI XLI ZILMGPIVW TIVISVQERGIW .
VYRRMRK SR EWXVEMKLX XVEGO EX LMKL WTIIH ERHJVSQ E WX
SREGYVZIHXVEGO 6IKEVHMRK XLI WXVEMKLX XVEGO VYRRMR
XS FILEZIEWER MHIERVZKIWGSYWVMHHEHQ@BEWGI MW STTSWMXI XS XLI
VIPEXMZIWTIIHERHTVSTSVXMSREP XSMXWEFWSPYXIZEPYI| 8LI
QSXSVEPPS[WXSETTP]XLMWGSYRXIVIJSVGIIZIREXLMKLJVIUYI
XLILYRXMRKMRWXEFMPMX] SJ XLIFSKMI[MXL VIWTIGX XS XLI GE

BRGYVZIH XVEGOW XLIVEMPI[E] ZILMGPIWTIIHMW PMQMXIH F
FIWEJIX]GSRWMHIVEXMSRW ERH F] XLI[IEV SJ[LIIPWERHVEMP)
EVI XLI QSWX FSYRHMRK FYXJSV XMPXMRK XVEMRW XLIWI VIUY
carbody’s inclination reduces the cant deficiency (lateral acceleration) felt by the passengers,
XLYWEPPS[MRKXS MRGVIEWI XLIZILMGPIVWWTIIH 7EJIX] GSRWN
XLIRFIGSQI XLI FSXXPIRIGO XSEJYVXLIVMRGVIEWI MR WIVZMG
damper can be used to reduce the derailment coefficient (the ratio = S5FIX[IIR XLI PEXIVEP ERH
ZIVXMGEP GSRXEGX JSVGI GSQTSRIRXW HYVMRK GYVZI RIKSXM
WLMJIXJISVGIW *SV XLIXVEMR YWIHHYVMRK XLIINTIVMQIRXEP GE
JSVGIW MW QSVI GVMXMGEP 8LYW XLIGSRXVSP WXVEXIK]HYVN
EGLMIZI XLIWIGSRH KSEP

(IWGVMTXMSR SIXLIEGXMZIHEQTIV

%W EPVIEH] WEMH MR XLI TVSTSWIH PE]SYX XLIJSYV XVEHMXN
ZILMGPIEVIVITPEGIHF]JISYV%%7% HIZMGIW 8LYW XLI%%7% HI
(figure 1). However, the possibility of mounting the AASA devices transversally with respect
XS XLI XVEGO [EW EPWS EREP]WIH MR XLI TVIWIRX[SVO 8LMW W|I
us to obtain better performances than the first one but would require a thorough re-design of
XLI FSKMI
SBLIEGXMZIWIWXIQMWQEHIYTSJEGIRXVEPMAIHGSRXVSP YRM)
JSYVEGXYEXSVW PSGEP WIRWSVW JSVIEGLEGXYEXSV ERHKP
SJXLI[LSPIVEMPI[E] ZILMGPI
JEGLEGXYEXSV MWERIPIGXVMG FVYWLPIWW QSXSV GSRRIGXIF
MRSVHIVXSSFXEMREPMRIEVEGXYEXSYV 8LIRSQMREP XSVUYISJ
MWIUYEP XS VTQ -XWTIEOXSVUYIMWIUYEP XS 2QERHXLI
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@————— Bogies

\“‘—-_
0 /

AASA devices

~

*MKYVI 7GLIQISI XLIPE]SYX SJXLIJSYV%%7% HIZMGIW

Carbody

One side of the actuator (point A in figure 2(a)) is connected to the bogie, whereas the other

side (point B in figure 2(a)) is attached to the carbody. The connection between actuator and

FSKMIMW SFXEMRIHXLVSYKLEWTLIVMGEPNSMRXMR SVHIV XS EF
EGXYEXSV ERH XLIGEVFSH] MRWXIEH MW SFXEMRIH XLVSYKL E"°
EWEQIGLERMGEPJYWI MRGEWISJJEMPYVISJXLIEGXYEXSV XL
EVMKMH GSRRIGXMSR FIX[IIR FSKMI ERH GEVFSH] 8LI QIGLERMC
HIJSVQEFMPMX] WII WIGXMSR XLEX LEW XS FI XEOIR MRXS E
FILEZMSYV

SLIEGXYEXSVWEVISTIVEXIHMRJSVGI GS58LWNW IXAWEIWKM EREPI
MW GSRZIVXIH MRXS E GYVVIRX WMKREP F] XLI*RSMGWEPMRSR XV SP
KIRIVEP XLIWYQ SJ X[S HMJJIVIRX GSRXVMFYXNERRIWRIRI JSV W
JSVGYVZIH XVEGGVIYRRKYRE&SRXVMFYXMSRWEVIKIRIVEXIHEX X[
XLIGSRXVSP PSHMWGH [ KMRQMRIHPSGEPP]F]IEGLEGXYEXSV MRH
EGXYEXYSMW GEPGYPEXIHF] XLI GIRXVEPMWIHGSRXVSP YRMX 81
schematically shown in figure 3 and will be described in detail in section 3.2.

-RSVHIV XS HIXIVQMRI XLI V{HIXLREGXIMNGIBFNMERHEPY LEW XS OR S
GYVVIRX[SVOMRK GSRHMXMSRW SJ XLI FSKMI 8LMW MW HSRI F]
WIZIVEP WIRWSVW ERMRHYGXMZI ZIPSGMQIXIV TPEGIHFIX[IIRT
figure 2(a) and thus measuring the relative longitudinal speed 4, F I X[IIR FSKMI ERH GEVFSH]
ERH E TMIASEGGIPIVSQIXIV TPEGIH EX XLI GSRRIGXMSR SJ XLI E
LEZMRK E\MW TEVEPPIP XS XEI PEWRKYWXNHM XKEP G¥MRXGERM PR KMG
WXVEMKLXXVEGOVYRRMRK (YVMRKGYVZIHXVEGOVYRRMRK WN\
TPEGIHSR XLIFSKMIERHLEZMRK E\MWET EBVEEP PV R E XL VEEXG G E P |
bogie-fixed and having vertical axis (thus measuring the yaw angular speed of thebogiece E V|
GSQFMRIH[MXL XLIJSV[EVHZEIRN GIFH WHXIHXNMKREFPPXMQI GSRXV ¢

e e Control logic
Virel, axl i
o E— F ref,

E Lﬁ_ ‘
= -
B

Recirculating A

ball-bearing by
screw Brushless motor

(a) (b)
*MKYVI 8LIEGXMZIJE[HEQTIV XLIEGXYEXSVVW WGLIQI E ERH XLIEGXMZIH
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*MKYVI 7GLIQISIXLINTIVMQIRXEPWIX YT SJXLIXIWX ZILMGPIJSV XERK

'SRXVSP WXVEXIKMIW

8LI GSRXVSP WXVEXIK]EMQWEX MQTVSZMRK XLITIVISVQERGIW
WTIIHERH SR GYVZIHXVEGOW 8LYW XLIVIJIVIRGIZEPYISJ XLIJ
HMJJIVIRX GSRXVMFYXMSRW

vid *vis v

[LIVFyigMW VIJIVVIH XS GYVZHRIMEXWMBEPMWIR ERM XVEMKLX XVEG
WXEFMPMX] 8LIWIX[SVIJIVIRGIJSVGIWEVIZIVIHMJJIVIRXERH
WXVEXIKMIW

'SRXVSP WXVEXIK] XS MRGVIEWI XLIGVMXMGEP WTIIH

LI QE\MQYQ WTIIH SJ XLI ZILMGPI MR XERKIRX XVEGO MW PMQM:
MRWXEFMPMX] [LMGLMWEWIPJ IN\GMXIHGSQFMRIHPEXIVEP ERF
XLIEGXMSR SJ[LIIPzVEMP GSRXEGX JSVGIW X]TMGEPP]SGGYVV
XSWYTTVIWWLYRXMRK MRWXEFMPMX] MW XS YWIEHEQTMRK JS
-RETEWWMZI ZILMGPI XLMW XEWO MW TIVJSVQIH F] SMP HEQT I\
devices prove to be rather inefficient, because of their internal flexibility [7], and therefore do
not allow to raise sufficiently the vehicle’s critical speed.
SBLIVIJIVIRG|{}ISIVMNGWXVEMKLX XVEGO VYRRMRK MW HIXIVQMRIH >
HEQTIV XLYW MRGVIEWMRK XLI*|JINWMBF V& KEWV XN MXE X X\5 WILISG H
FSKMI VIPEXMZI WTIIH ERH STTSWMXI XS MX &L¥WW XWMIMRHYGX
1SVISZIV XSGSQTIRWEXIJSV XLIHIPE]W SJXLIQIEWYVIQIRX WI
XLITLEWIWLMIXW MRXVSHYGIHF] XLIHIJSVQEFMPMX] SJ XLIW]W
XVERWQMWWMSR XLIMWEYREHBMKMSREP XIVQ TVSTSVXMSREP
EGGIPIEEBEXINKERFSKMI

*via!l n G4, 1p QzE
GFIMRK XLI ZMWGSYW BEQTNREKWIEWERMIRRIH] XLI GSRXVSP EGXMSR

'SRXVSP WXVEXIK] XS MQTVSZIGYVZI RIKSXMEXMSR

(YVMRKGYVZI RIKSXMEXMSREXLMKL ZEPYIW SJRSR GSQTIRWEX
SIPEXIVEP GSRXEGX JSVGIW QE] SGGYV EX XLI [LIIPzVEMP MRXI
WEJIX] %W EPVIEH]IN\TPEMRIH MR XLI MRXV SHYGKIMXBXEIR WS GI
PEXIVEP JSVGIETTPMIH F]IEGL [LIIPWIX XS XLI XVEGO EVITEVX
ZILMGPIGSRWMHIVIHMR XLMWEVXMGPI OEVKIZEPYIW SJXVEGO
JSVVMHIWEJIX]FIGEYWI XLI]QE]JPIEH XS TIVQERIRXHIJSVQEXM
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Vehicle
speed

Unbalance of
Yaw speed the ripage
of the bogie S Estimation of the forces

o curve radius

Reference
-  force
F refC

Y

Curve

Cant deficiency L
1 Cant deficiency radius

LOOKUP TABLE
*MKYVI 7GLIQISIXLIGSRXVSP WXVEXIK]JSV XEyHHXYNMRIKREXWZSIARSK SOLMEDIIMNS R

GSHIPMQMXW XLIQE\MQYQEPPS[IHZEPYISJRSR GSQTIRWEXIHPF
MR SVHIV XS KYEVERXII XLEX XLI XVEGO WLMJX JSVGI PMQMX KM
R1ZIVI\GIIHIHMR ER]VYRRMRK GSRHMXMSR

3[MRK XS XLI VIEWSRW HIWGVMFIH MR ? A MX QE]JLETTIR XLEX
XVEGO WLMJIX JSVGIW SR XLI X[S [LIIPWIXW SJ XLI WEQIFSKMI XE
QYQ ZILMGPI WTIIHMR GYVZI [MPP FI VIHYGIH XS OIIT XLI PEVKIW
4VYHVLSQQIVW PMQMX VIKEVHPIWW SJXLIZEPYISJXLIJSVGI SR X
HMWXVMFYXMSR SJI XVEGO WLMJX JSVGIW SR XLI X[S E\PIW MW Z|
PS[IVZILMGPIVW STIVEXMSR WTIIH

8LI GSRXVSP WXVEXIK]EHSTXIHHYVMRK GYVZI RIKSXMEXMSR M
XVEGOWLMIXJISVGIW SR XLIX[SE\PIWSJXLIWEQIFSKMIF]JETTP]
XLIWXIITVMRKEGXMSRMWGSQTYXIHEWEJYRGXMSRSJXLIRSR G
ERHXLIVEHMYWSJXLIGYVZI FIMRXIVTSPEXMRKEFM HMQIRWM S
of measurements performed on the vehicle in passive configuration or by using a numerical

QSHIP SJ XLIZILMGPI WIGXMSR *MKYVI WLS[WEWGLIQEXM
WXVEXIK]EPSRKEGYVZIH XVEGO QIEWYVMRK XLIRSR GSQTIRW
IWXMQEXMRK XLI GYVZI VEHMYW EW HIWGVMFIHWYFWIUYIRXP]
PSSOYT XEFRRIXVLGI ERH XLYW XLI*V I RM RGBWESN @S FEPERGI XLI X
WLMJIX JSVGIW SR XLI X[S E\PIW SJ XLIGSRWMHIVIHFSKMI

-R SVHIV XS HIXIVQMRIGX XILE YEMPYEHKYW G ZI BZHMP B/AVFK R E P
JVSQ XVEMR MRWXVYQIRXEXMSR EW [dPRIEWXVIHFFKR IK]BE[SWTIII
scope on the bogie) are low-pass filtered and then fed into the real-time control board
XSKIXLIV[MXL XLIRSR GSQTIRWEXIHPEXIVEP EGGIPIVEXMSR Q
XLEX ITWXMQEXIW XLIGYVZIVEHMYW ERH TIVISVQW XLI XEFPI PS¢

'EPGYPEXMSR SJ XLI-RSS/\YV XEFAXIVQMRI XLI WXIIVMRK E
ETTPMIH XS XLI GSRWMHIVIH FSKMI XLI XVEGO WLMJX JSVGIW S
This can be done either by directly measuring such forces or by estimating them. The first
WSPYXMSRVIUYMVIW XLIEHSTXMSR SIMRWXVYQIRXIH[LIITPWIXW
GSWXW 8S8LIWIGSRHWSPYXMSR MRWXIEH HSIWRSXVIUYMVI MR\
GLIETIV FYX XLI GSRXVSP PSKMG MW PIWW VSFEYWX -J XLI IWXM
X[S E\PIWMW GEVMMLM@Y XISSKFVERIR MW VYRRMRK SXLIVWIRWSYV
MR WIGXMSR QE] FI RIGIWWEV] -J MRWXIEH XLIITWXMQEXMSR
SITVIZMSYWP] WXSVIHHEXE RS EHHMXMSREP WIRWSVW EVI RI
RIGIWWEV] XS HIXIVQMRI XLIWI JSVGIW MW ZIV] WQEPP 8LI PSS
INTIVMQIRXEP HEXE SVSRRYQIVMGEP VIWYPXW 3[MRK XS XLI JE
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Ripage Forces
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30
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*MKYVI 7GLIQI SIXLIGSRWXVYGXMSR SJ XLIPSSOYTXEFPIW

JSVGI HEXE SJ X[S EHNEGIRX [LIIPWIXW [IVI EZEMPEFPI XLI WMQC(
YWMRKE ZEPMHEXIH QYPXMFSH] ZILMGPI QSHIP ? A

-R SVHIV XS RYQIVMGEPP] HIXIVQMRI XLI PSSOYT XEFPI WIZIV
running performances have been carried out considering wheel and rail profiles with different
PIZIPW SJ[IEV HMJJIVIRX ZEPYIW SJJVMGXMSR FIX[IIR[LIIPW EF
PEXIVEPEGGIPIVEXMSRW ERHHMJJIVIRXZEPYIWSJGYVZIVEH
XS HIXIVQMRI XLI[LSPI XMQILMWXSVMIW SJ XLIVMTEKIJSVGIW S
The steady-state value is identified and saved in the lookup table. It should be noticed that
there are several lookup tables for the different bogies, for the friction coefficient value and
JSV XLI[IEVPIZIP *MKYVI WGLIQEXMGEPP]JHIWGVMFIW XLMW T\

IEXLIQEXMGEP QSHIP SJIXLIEGXMZIHEQTIV

-RSVHIVXS MRZIWXMKEXIXLITSXIRXMEPWSJXLIEGXMZI]JE[HEQT
XL1)86 VEMP[E]ZILMGPIIUYMTTIH[MXL XLIIPIGXVS QIGLERMG |
QSHIPMWFEWIHSREQEXLIQEXMGEPHIWGVMTXMSR SJIXLITEWW
TVIZMSYW VIWIEVGL GEVVMIH SYX EQSRK SXLIVW F] XLIEYXLSYV
GSQTEVMWSR [MXLWIVZMGI QIEWYVIQIRXW ? A

BLIJYPP ZILMGPI MW QSHIPPIHYWMRKE QYPXMFSH]ETTVSEGL
JVEQIW EVI MRXVSHYGIH EW VMKMH FSHMIW [LIVIEW XLI HIJSV
MRXVSHYGIHF]QSHEP WYTIVTSWMXMSR ETTVSEGL 4VMQEV] ER
FYQT WXSTW EVIQSHIPPIHF]QIERW SJIPMRIEVERHRSR PMRIE\
% HIXEMPIH RSR PMRIEV VITVIWIRXEXMSR SJ [LIIPzVEMP GSRX
geometry of wheel and rail profiles is adopted [9]. Thereby, the model allows us to obtain
realistic results even in flanging conditions, M J SV PEVKI VIPEXMZI [LIIPzVEMP PEXI\
QIRXW XLEX XEOITPEGIHYVMRKGYVZIRIKSXMEXMSR SVHYVMRE
RSR PMRIEVMXMIW MQTPMIW XLEX XLITUYEXMSRW SJQSXMSR SJ
XMQIHSQEMR

BLIEGXMZI JE[THEQTIVW EVI QSHIPPIH XEOMRK MRXS EGGSYRX
less motor, the recirculating ball-bearing screw transmission and the flexible connections

FIX[IIR XLI EGXYEXSY ERH XLI ZILMGPI 8LYW JSV IEGL EGXYEX¢
HYGIH % HIXEMPIHHIWGVMTXMSR SJ XLIEGXMZI]JE[HEQTIVVW Q
? AXSKIXLIV[MXLEZEPMHEXMSR FEWIHSRGSQTEVMWSRW [MX'
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2YQIVMGEP VIWYPXW EPSRKE WXVEMKLX XVEGO ERH EPSRKE

IOWMRK XLI QEXLIQEXMGEP QSHIP HIWGVMFIH MR WIGXMSR W.
TIVISVQIH XS EWWIWW XLI TIVISVQERGIW SJ E VEMPI[E] ZILMGP
HEQTIVW 8LISFXEMRIHVIWYPXWI[IVIGSQTEVIH XS XLSWISJE W:

JZEPYEXMSR SJXLIEGXMZI]JE[HEQTIVTIVISVQERGIW SR E WX

-RSVHIVXS RYQIVMGEPP]HIXIVQMRI XLIWXEFMPMX] XLVIWLSPH
QSHIPHIWGVMFIHMRWIGXMSR MWYWIHXSVITVSHYGI XLI XIW X\
XLVIWLSPHMWHIXIVQMRIHF]VITIEXMRK XLI ZILMGPIVMHIWMQY
617 ZEPYI1 SJ XLI PEXIVEP EGGIPIVEXMSR SJ XLI FSKMII\N\GIIHW E \
XS  @VIn the simulations, severely worn wheel profiles were considered together with rail

profiles measured on the line in some of the most critical sections. The G GSRXVSP KEMR [EW
HIXIVQMRIH XLVSYKL RYQIVMGEP WMQYPEXMSRW MR SVHIV XS S
MR ER][SVOMRIGEGSRHMXMBER(YVMRK WYGL WMQYPEXMSRW XLIF
SIXLIGSRRIGXMSR XS XLI GEVEZSBRPEWSRIKPMRX MHRBIXNIEH [EW EV
FITUYEP XS TL\GSRXVSP KEMR[EW XYRIHHYVMRK  PMRI XIWXW EW
In figure 6(a), the results obtained for the passive vehicle arrangement are compared with

different configurations of the actively controlled vehicle:

z EGXMZI]E[HEQTIV TPEGIH MR XLI PSRKMXYHMREP HMVIGXMSR
XLl GEVREHPYI MR XLI PIKIRH

z EGXMZI]JE[HEQTIV TPEGIH MR XLI PSRKMXYHMREP HMVIGXMSR
XLl GEVFSH]

z EGXMZI]JE[HEQTIVTPEGIHMR XLI XVERWZIVWEP HMVIGXMSR P
GEVFSH]

'SQTEVMRK XLIVIWYPXWSFXEMRIHIJSVHMJJIVIRXEVVERKIQIR?>
SIXLIEGXYEXSVW EVVERKIQIRXYWIHHYVMRK MR PMRI XIWXW
GSRRIGXMSRTPEIWE ZIVIMQTSVXERXVSPI YWMRKEPS[WXMJJF
GSRXVSPPIHZILMGPIEVIGSQTEVEFPI XS XLSWISJXLITEWWMZI S

o

—=— longitudinal kc =1e7N/m
—a&— transversal kf = 1e7N/m

~
o

IS

w
e

w

[N}

o

Lateral bogie acceleration im.ise]
N
o

Lateral carbody acceleration [m/s’]
[=]
Y
]

-o  passive
—s— longitudinal k_= 1e7N/m

—¢— longitudinal kr_ = 1e8N/m 0.05 F
—a— transversal k_= 1e7N/m

o
o

3 L bt T " " L s L 2y

0 i "
140 160 180 200 220 240 260 280 300 140 160 180 200 220 240 260 280 300

*MKYVI 617 ZEPYI SJ XLI PEXIVEP FSKMIEGGIPIVEXMSR E ERHPEXIVEP GEVFS
EVVERKIQIRXW
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XLI GEVFSH] ERH XLI FSKMI -RWXIEH MJE WXMJJIV GSRRIGXMSI
WTIIH SOQL GER FI SFEXEMRIH [MXL XLIEGXMZIHIZMGI

*MKYVI E EPWS EPPS[W YW XS HVE[ WSQI GSRGPYWMSRW EF
XLI EGXYEXSVW SR XLI ZILMGPI XLI XVERWZIVWEP TSWMXMSRN
ZILMGPIWXEFMPMX] XLVIWLSPH 1ZIR[MXLEPS[WXMJIJRIWW SJ>
XLEX XLI QSXMSR SJ XLI FSKMI HYVMRK LYRXMRK MRWXEFMPM X]
SWGMPPEXMSRW 8LIVIJSVI JSV E KMZIREQTPMXYHI SJ XLILYR.
MW LMKLIV [LIR XLI HEQTIV MW TPEGIH MR XLI XVERWZIVWEP HM
XLI PEXIVEP ERHJE[WTIIH SJ XLI FSKMI GHFXMMEYWKINXSE XKEGWDIPE
WMKREP F] XLI EGXMZI HEQTIV ,S[IZIV XLITSWMXMSRMRK SJ X
HMVIGXMSRPIEHW XS ELMKLIV617 ZEPYISJXLIPEXIVEP EGGIPIYV

GEVFSH]EGGIPIVEXMSR MW TPSXXIH ZIVWYW WTIIHJSV XLI PEXI)\
EGXYEXSV

-RGSRGPYWMSR XLIXVERWZIVWEP TSWMXMSRMRK SJ XLI EGX
XLITSMRX SJZMI[ SJZILMGPIWXEFMPMX]FYXRIIHW XS FI GEVIJY
MWWYIW 8LIWIVIWYPXWEPWS WLS[XLEX XLI MRXIKVEXMSR SJ X
PEXIVEP WYWTIRWMSR SJ XLIGEVFSH]GSYPHFIZIV]TVSQMWMR

JZEPYEXMSR SJXLIEGXMZI]E[HEQTIVTIVISVQERGIW SR EGY

-REKVIIQIRX [MXL XLIGSRWMHIVEXMSRW HSRI MRWIGXMSR X
TIVISVQERGIW EPSRKEGYVZIH XVEGO MW FEWIH SR XLI I\EQMRE
XLIGSRXEGX JSVGIW

*MKYVI WLS[WEKVETLMGEP VITVIWIRXEXMSR SJIXLIEHSTXIHF
VIEV F E\PIW SJ XLIJVSRX FSKMI *MKYVI WLS[W XLI XMQI LMW
XLI X[S E\PIW SJ XLIPIEHMRKFSKMIHYVMRKEGYVZIRIKSXMEXM:
RSR GSQTIRWEXIHPEXIVEP EGMGIPIVEXMSRIUYEP XS Q

*MKYVI +VETLMGEP VITVIWIRXEXMSR SJ XLI EHSTXIH PSSOYT XEFPI JSV XLI J)
FSKMI
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-QTVSZIQIRX SIVEMPI[E] ZILMGPI WXEFMPMX]

*MKYVI S8LIWMQYPEXIHVMTEKIZISV® WSR XIQOGVSRRO MEKMWNL XVEHMXMSREP
SMP HEQTIVW E ERHXLIEGXMZIWXIIVMRKHIZMGI F

XLl WXERHEVH TEWWMZI ZILMGPI EVVERKIQIRX E XLI YRFEPEI

XLMW YRFEPERGIGERFIEPQSWX GSQTPIXIP]GSQTIRWEXIH XLY
XLI XVEGO WLMDXRISVGI F]

-R SVHIV XS SFXEMR E QSVI KIRIVEP TMGXYVI SJ XLIITJIJIGXMZIR
GSRHMXMSRW WIZIVEP WMQYPEXMSRW [IVITIVISVQIH YWMRK HI

ZEPY|I SJ XVEGO WLMJX JSVGI EZIVEKIH SZIVE Q PSRK HMWXER
GPIEVP] ZMWMFPI XLEX XLI ZEPYI SJ XLI XVEGO WLMJX JSVGI SFX

JSV XLI EGXMZIP]WXIIVIH ZILMGPI EXVE PEXIY BWWEQE®GLIPEKIMSR
XLER XLEX JSV XLITEWWMZI ZILMGPI 02

*MKYVI 'SVVIPEXMSR FIX[IIRPEXIVEPEGGIPIVEXMSRERHQE\MQYQ XVEGO WLM
ERH XLIEGXMZIWXIIVMRK HIZMGI F
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OMRI XIWXW MR XERKIRX ERH GYVZIH XVEGOW

8SKIXLIV[MXL%PWXSQ*IVVSZMEVME ERHS8VIRMXEPME ERI\TIVM
XLI -XEPMER LMKL WTIIHPMRIU(MVIXXMWWMQEVERHE WXERHE\
[SVOMRK GSRHMXMSRW 8LI XIWX XVEMR ER )86 4IRHSPMRS [
SRI SJ XLIQLEZMRK XLI XVEHMXMSREP SMP HEQTIVW VITPEGIH F

XLI GSRXVSP PSKMG MR WXVEMKLX XVEGO VYRRMRK [EW XIWXIH
HEQTMERH Q&2VEW MRGVIEWMRK ZILMGPI WTIIH ERHE WIGSRH TL
WXIITVMRKPSKMG [EW GLIGOIH[MXLSYXEGXYEPP]JETTP]J]MRK XLI
SIWEJIX]VIEWSRW

BERKIRX XVEGO XIWXW

8LI XIWXW TIVISVQIH SR XLI LMKL WTIIH PMRI [IVIHIHMGEXIH XS
MR XLI ZILMGPIVW GVMXMGEP WTIIHFIGEYWI SJ XLI YWI SJ XLI %29
SMP HEQTIVW 8LI GSRXVSP KEMRW [I\@IWIX X XQIEIRHPS[MRK Z
Qz! OK %WEPVIEAEWEMHEW XYRIHHYVMRKPMRI XIWXW XS SFX
WXEFMPMX] TIVISVQERGIW

8S XLMW IRH TEVXMGYPEVP] VIPIZERX MW XLI XMQI LMWXSV]
FSKMI EGGIPIVEXMSR SZIV SRI E\PIFS\ *MKYVI WLS[W XLI XMQ
EGGIPIVEXMSR EX XLIWEBRM/XLIHWEQODOSWMXMSR EPSRK XLI PM
ZILMGPI EVVERKIQIRXW TEWWMZI ERHEGXMZI -XGERFISFWIV
HEQTIVPIEHWXSEVIHYGXMSRMRXLIEQTPMXYHISJWSKMIPEXIV
EKEMRWW FYXXLITVIWIRGISIEPMQMX G]GPI GERRSXFIGSQTP
BEFPI WLS[W XLI 617 ZEPYIW SJ XLI PEXIVEP FSKMI EGGIPIVE)
TSWMXMSRWEPSRKXLIPMRI EPPSIMRKYW XSGSQTEVIMRQSVII

SRI WLS[WE EZIVEKI VIHYGXMSR SJ XLI PEXIVEP ZMFVEXMSR

XLIEGXMZIHIZMGI MW RSXEFPIXSGSQTPIXIPI]WYTTVIWW MRW XE
XS SFXEMR FIXXIVTIVISVQERGIW XLIITJIJIGXSJPSGEP HIJSVQEF
EGXYEXSVERHXLIGEVFSH]LEW XS FIGSVVIGXP]XEOIRMRXS EGH
TSWMXMSRMRK $ KXVERGKMEWEPWRWXIEH SIPSRKMXYHMREP '\

*MKYVI 1IEWYVIH PEXIVEP FSKMI EGGIPIVEXMSR XMQILMWXSV] [MXL XVEHM
HEQTIV F
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SB8EFPI 617 ZEPYIW SJ XLI PEXIVEP FSKMIEGGIPIVEXMSR
GSQTEVMWSR FIX[IIR XLITEWWMZIERHEGXMZI ZILMGPI EVVERKIQI

617 EGGIPIVEXMSR 617 EGGIPIVEXMSR
7TTIIH TEWWMZIHEQTIVW EGXMZIHEQTIVW 6IHYGXMSR

oQ QW QW

'YVZIH XVEGO XIWXW

OMRI XIWXW SR XLIWXERHEVH RSXLMKLWTIIH PMRI[IVIGEVVMI
XLIGSRXVSPPIHZILMGPIHYVMRKGYVZI RIKSXMEXMSR %X XLMW
VYR SR XLIWXERHEVH PMRI [MXL XLI GSRXVSP WJWXIQ VIEP XM(
VIJIVIRGIJSVGIWFYX [MXL XLIEGXYEXSVW W[MXGLIH SJJ 8LIVIJ

(I WTMXI XLMW JEGX XLI XIWXW EPPS[IHYW XS UYERXMJ] XLI EG

[MXLVIWTIGX XS XLITWXMQEXMSRSJGYVZIVEHMMERH XS MRHM\

EGXMZI GSRXVSP EWI\NTPEMRIH MR XLIJSPPS[MRKWIGXMSRW
8LI GETEFMPMXMIW SJ XLI TVSTSWIH QIXLSHSPSK] JSV GYVZI"

RSQMREPGYVZIVEHMYWZEPYIW MRFSPH ORS[RJVSQXLIXVEGO
FIX[IIR XLITWXMQEXIHGYVZIVEHMYWVQEPYIW ERH XLIVIEP SRIW
%R IWXMQEXI SJI XVEGO WLMJIX JSVGIW JSV XLI GSRXVSPPIH ZIL

EWWYQMRKXLEX XLIJSVGIETTPMIHF]XLIEGXYEXSVWI[SYPHEFII\
ERHXLIETTPMGEXMSR SJE]JE[XSVUYIF] XLI%%7%EGXYEXSVW [S
[LITPZVEMP GSRXEGXJSVGIW MXMWTSWWMFPI XS HIXIVQMRI XL
JSVEUZMVXYEPP]vGSRXVSPPIH ZILMGPI FIEHHMRK XS XLI QIEW
JSVGIWIWXMQEXIH F] XLIVIEP XMQIFSEVH *MKYVI EPPS[W YW
JSVGIW E [MXL XLISRIWSFXEMRIHF]XLIHIWGVMFIHTSWX TVS
GMXIHEWWYQTXMSRW MXGERFIWXEXIHXLEX XLIEGXYEXSVW E

*MKYVI 8MQI LMWXSV] SJ XLI IWXMQEXIH GYVZI VEHMYW GSQTEVMWSR FIX
GSVVIWTSRHMRK XEFYPEXIH FSPH GYVZIVEHMYW ZEPYIW
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Jevyk

SIXVEGO WLMJIJX JSVGIW ERH MR QER] GEWIW XLIJSVGI HMW X"

'SRGPYWMSRW

%R ETTPMGEXMSR SIEGXMZI GSRXVSP GSRGITXW XS MRGVIEWI .
ZILMGPI LEW FIIR TVIWIRXIH 8LI TVSTSWIH EGXMZI HIZMGI MW F
EGXYEXSV ERH WXVEXIKMIW JSV ZILMGPI HIREQMGW GSRXVSP
HIZIPSTIH

SLIETTPMGEFMPMX]ERHIJIJIIGXMZIRIWW SJXLITVSTSWIHWSPY
SIMR PMRI XIWXWERHRYQIVMGEP WMQYPEXMSRW 8LIVIWYPX\

XS STXMQMWI XLI WIX YT SJ XLI EGXYEXSV [MXL TEVXMGYPEV V
GEVFSH] %RSXLIVWYFNIGX JSVJYVXLIVVIWIEVGL MW XLI STXM
ERHMXW MRXIKVEXMSR [MXL SXLIVQIGLEXVSRMGHIZMGIW PMOI

%GORS[PIHKIQIRX

8LI EYXLSVW [MWL XS KVIEXP]EGORS[PIHKI %PWXSQ *IVVSZMEV
NTIVMQIRXEP XIWXW

61JIVIRGIW
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