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ABSTRACT

This project presents the motion stability analysis of a scaled single wheelset
by experimental and theoretical methods. In the study, the theoretical model was
assumed as the lateral and yaw_undamped.vibration, a two degrees of freedom
system. Therefore, the theGretical solutions in the form of.acceleration, velocity and
displacement levels'can be found by numerically-integrating “the.derived equations of
motion with MATLAB and usé/them-to s_tucfy_ the ‘effect, of key parameters such as
mass, mass moment-ofinertia, et on the critical speed. The experimental apparatus
of 1:10 scalgd sinele Wheelset model was. developed By using mechanical similarity
law. From thezexperimental and'theoretical. results, the hunting motion rasponses of
1/20 and 1/40-cone of wheels.were: fbuh.d?to. be stable when' the whé'_e{sei speed was
less than the critical “speed: 'A_ddit'.iqna't,ly,'_ the root mean| sguare ‘of the acceleration
amplitudes, arms, were“compared with the theoretical restlts .and the discrepancy
was in the range of 8:47%:In, the case of marginal stable rffetion, the critical speeds
were 7.52 m/s and.9.32 m/s.(23.94% increasing). When comparingwith'the theoretical
results, the discrepancies Were. 2_8.55_% and_12.70%, respectively. When the wheelset
speed was moresthari“the critical speedi=the unstabl_e motion was clearly seen.
Moreover, the theoreticaluresdlts’ show that thedritical _spged' increases when mass,
mass moment of inertia and~wheel-tread-angle_decrease. Furthermore, when the
suspension stiffness, wheel contact radius, spring attachment distance and track width

increase, the critical speed increases.
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fermuiBuiuda (wheel tread anete) AT ITRR s luLALBTIAfsa Nty
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N2 . 1 UNRGIANARUT TUYBIYRRRINA"

\H2991NAIANN T VBIED {conicity) Jeislidarulienindeudiiaisidunayls
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WWIALNY Y 2INAUENANYRINN) wasUSuldsusiunissaiivesde Tnudasuuanldsiswg
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center of the axle

center of the curve

JUT 2 . 2 JUNTISUIAMINYENYRRENSINT 8 UUNaTAY

2. samanimsfuluuuadudisuazduivunuudsTunisnse
nsiedeunluneissiligRadsaanzn B ssaesiuas lifsun iy was
< V& | o L)y | : - o~
vouriignna A (wheelset) TULSlaENR I NAIDGUTTANRaIMN AuuAgninadodi
- - & al Vst ; o = a1 o 173 - ar
ImuiBeaityne uasdnyaliitinieidey Mdansauiinguusnadiulagiunilagnsuniudy
- = o d\t =3 O o W = o L oo o
LUBUNNTNEAFULLU gaaanlididowidssiudeeydnasiluiianadeliviignnssii
< ' R - & e a rm ] el o %)
nIggnIuNIUEIuyadeilainuddsildeavdsayivulsawmiala lunasiedouiituasiudng
wuuidindes (eI InsNARTY) yrde azmiiougnuani IS AlRe sl ey Feyade
a AN 7 =" e S &/ Nt O LU N o SR daa o |
T UTWIRGUINDST W YRR UL TATRNINNIaR IR 9 At ua o N Salidui aunnnn
(Fouter) 3NBAUNTEHZUINATINODNEN (0 WM IR MY U UMl IR 9n A"
IWAINAUNE LR winRumuvt R linasrezlubufddamileudy faiu
o = ow ° - Vel o | =
nsindeuinayluihagyilwiansdunaliuin ) duasduwuimudionasania nie

= 1 = s . ar 4
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3. anudainginsiuluuyadiudraasdunuunudislunimss

1184977 hunting motion #38 self-exciting oscillation AzLAnLIsAVVDINUNTUNE
sewinasnaiude Fsluhde 222 nquimsdudatusewindeuarsns awuandfifuiins
fussiuegiuauds Faypdefimnuiwhnimuiinghdleyndegnsunuiiltianms
wdouiluiuriudnaesiinnisdu self-exciting Lﬁanmmulﬂwé’wmzqmutﬁalﬂ'lugﬂm"m
q ilvinnsdumely Bongunuudnuaiziiing annanadies (stable motion) lunsiadoud

a a

mﬂmaamﬂmmmwm'nmi'nnqm gnsunmuluuuuifentu msduagsunsanniu on
JUwvudnunriiinisindeudidl araaiesidnides (marginal stable motion) wasd
AadafiuAningd msdussguussistuinrmsdaeideuarsng ilugmsansalel 3

= o el ¥ 5 "
Junisiedsund laisiaanudies (unstable motion)

2.2.2 MERMITUAFAUIENI 198BUAYIS
2.2.2.1 M3Au (Creepage)
Usngnisalfiy

s

o = e [} 4 at ar L3 s =l 1 i
dAngndudanuiaaatunng e T vEen mSad s ve Ingiiamnniy

'3 i B s @ - = o & - : B b !
udazdiwaliingvsaesiimainaesings (rolling motion) uaxlna (sliding'mation) s¥19

3

= o v el " i . 1 o = £ -
ne) AE I AT IaYoInalld 1) s YagenaAtlasiisarysenbUvaiatmS iy

Je W

€

e

ar ) 5 sl e 5 A_ e - i i . »
SUNNEVIVIAYING RN VAN IR A 0INRARNEESENIIN TS miuaas (spin)

wr wlie o, 9) " S ot & Lo K =
lunstlvagingndudatuuazaglsusma Qadulat g Uuiul Tauae sassing

L1

wieuiiwuulnaszuingiu (slig. motion) ludtuzigean s Sziiatu (stick)/iazanaunnsing

da a

FENINAMUATHALULAENAE (tancential Strain) maoamnmaamvmmw HIAANUY
reliAnnisaulaasendaeiiy ($lip) wuuios < Fusundi. DSy (créepage)” AIUUNISAU

\innniskansauiuesBsIdeg UL UUBarduLazatidganiy



2.2.2.2 NNSAUTENINNEDNUTY

o ar  as A

\ ¥ w
AU eIgndalke R IIARIRRINAUNTE

ﬁWHUﬂIﬁ o 3_ I 989, !- % ‘ - A ; 1.5 ; ; .- MBI F a1 ﬁuﬂ’]iﬁ (2‘1)
(2.1)

muSauysalvesde dmunle

va o
gMasovlansl

Vo= v (2.2)

L
L) = ot

a4 da X ! @ = | l o 9] 3 o s
ﬂ']'iﬂ‘UVlLﬂﬂ%u ﬂ']’lfa\‘}lluf\]g‘ﬂuﬂg UF’]']U'Pjﬂlﬂa‘lﬂ‘g‘ﬂa@ﬂ')']llla%?auﬁﬂﬁ LagHUgIUnNIU

v - \,.r)Ttrl

é‘;x == —v'— (23)
g, = La (2.9)

wo_ W o1
g, = Ln (2.5)
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3. it aAutidnidlaagina nivunaid
vl -l 24 o L) u‘:
4, biflmnidgamaiuuiuingg Tnqnsans
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MAATINNSHUNAVSATU 1AV B Vo UF5N
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913U R wag R," fersriianuldmanuuindsaesdouazing

R," Uag Ry" AoA15AliAulAmaNLLIYIN9UDRBNAZ IS

Wedrn 1. usedudasieann ( Normal Contact Force

, Fi )

2. Srdinnaldununan Sallanuldmdnuuirniwesdeuarsns (mldandeyams

LSUIADIR)

3. AAUUTLANS m wag n Fmlaanmnsng 2.1

m‘s’mﬁ 2.1 Hertz Coefficients m=and-n

Hertz Coefficients m-and n

0 )

(deg) m n (deg) ~ m
0.5 614 01018 10 6.604
1 3689 101314 20000 3813
15 2748 01522 30 2731
D 22.26 701691 35 2397
3 16501964 4 405 2136
4 13310 02188~ 45 = 1.926
6 %90 02552 S0 1,754
8 7.86  0.285 55 L6l1

n

0.312
04125
0:493
0.530
0.567
0.604
0.641
0,678

(deg)

m

1.486
1.378
1.284

1.202,

1128
1.061
1.0

0.717
0.759
0.802
0.846
0.893
0.944
1.0

Note. From “Bynamics of Raitway Vehicle Systems” by VijayK, Rao, 41984., Wheel-Rail

Relling Contact Theories, Vol.11, pp.107.

Tae9l A1 0 aunsavnleannagnas

0 = cos‘l(%:-)

(2.6)

PeAduUTEaNG K; Ky soadnusyanoou q #ldlunisinum 8 viennuenununan

(a) Wazunuass (b) vesiuNdudasUIssnudwiu awisaldaunisinsansle @il

K, = 1 - (\;“')*
nE

_ 1= (\,r)l
Ky = aE"

L/ 1 | 11
= = —-+—,+'-—.+—)
K z(R}" RY R, R,
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<D GG DE Doy ew

Toedl K, K, Ao AAsTTIARTY TuRaNURvesianUIdanazs
K; . Ky fie Arsiifiduegifuguasiimasnadnvedetassng
W g D ANBRTIEIUNIYBIVDIADUAY T
EY,E A AlugdanugavEuTRBLaYINs
By, fe ArsrdaulAmdnuunnawesdouassn
R, Ry AR ATATA NI AMANULI VI DAL S
v Ala_ AT TGN S

N MAIATIMIRITIANUETIUNUMAR (a) LazAIASIMINYBIAITNE1IUALSDY (b)

mamwaunagmqsmgw 2.7 nannasn (2.11) wazaunis (2.12)

2b

JUN2. 7 Wundulagursiussdouassia

MGrFKy+Ko)/4Ks) /3 (2.11)

o
I

b

n(3nF, (K, + K,)/4K;)"3 (2.12)

2.2.2.4 noeiuseAulduvasmaines

s o = A A o & 4 a1
matpes lhinaueonguinindinsdviidfesuin q dnuiuiidunislaassiia

€e

d‘l’a‘uud

' ) & v o a v o ' & o =3
Wassnniduiieaiu daiunaveanisloadlddesiunde suuiuidusaaainduituidiua

as

- 1 G’j & L7 =y - L7 1 E 2 d a
ANBUILALY UDNIINTU AaLADS g9pduengAnTTNYRIRduNalIdn muduivuiuiu

a & a v 4 do o H 1y oA d =
nANNIINateYA1AsuRIzunsnL i luNuiduda Tunazlitoibifinnsduloa usadeou



1

8
L%

. a a = ' a A & 4 & '
(traction) 9zL5uLRNUINTY drurptoynIaiTurgneenIInNuiduiausudeuidosiia

L
N
= A o

ﬂawnﬂuquéﬁaaum'immﬁ’uﬁ’uﬁ‘ WO AUTENITLTIAULEZNSAUA T

WSIAURULLIEN
Py = - fizE, (2.13)

LSIAUSUTY
F'y = fnéy = leE.»sp (214)

Tuansinyudy
(2.15)
Tol
_ _i}:WﬁiTlﬁlf—
)
fi1 = (ab)Gey, L
fi2 = (ab)**Geys Vst
f, = (ab)’Gess .
f33 = (ab)Gey, (2.19)

a ) a &£ .
Wia fy; ,fio,fp WA f3; 1WuduUsEANSAU (Creep Coefficients)
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' '
< <f

a A9 ANAIIVLAYRILNUNANTINLIS U AN19n1TNEY
d v ek & & a v ]
b A9 AASINTNUDINUTDIVDIN LN TLARAIUTS

G Ao lugdannuudanis

= =

¢j Ao duUsEAnsAUNITAULAZNIIMYUAY (creepage and spin coefficients) @4

[
o o

= I 1 . L7 1 du = = 4 14
TUBYNUDATIEIUN YDA DN TIEIUNNUYDINUNINT (a/b) Tagmanlaainansie 2.2

o | £ 4 & ) ¢
AN 2. 2 uaﬂ@ﬂqﬂuﬂﬁgaﬂﬁﬂqsﬂuL{,ﬁgﬂq'ﬁﬂﬂ'ﬂwaﬁﬂ')aLﬂﬂs

s

= o | v oo ¢ a ' v a
Lu’l‘j\i'{l"lﬂLL?QﬂULLaEﬁINLuumﬂluaﬂﬂqiﬂ@UﬁuquWﬂaﬁQﬂ U‘U@Qﬂ"ﬁﬂU‘LULLmaﬁaaLﬂﬂﬂ"ﬁ

4

Aududna(e,) muuunen(e,) uABNIVIUAV(E, ) TeazgnimunduanuduiusiBady

Y

d dl =Y I ;73 0’.‘! v E 2 8/ L% dv
wazMsAfaUANsEIE LAt u LAz aRY Ry daNANSHaLl

anene (Left)

WD @) - ) o2
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g =(F) [V + nd - vyl (2.21)
Eo=(5) v - Q8.]. (2.22)
29121 (Right)

(2.23)
(2.24)

(2.25)

.o J ey Ufﬂgwqummammu Z wmw\
Qa 3J Lﬂ ﬁ q\’
Q fia AaINTEURg (th nat-angular

g A® Ayudeduias dade , d9 (left and right contact wheel)

a =4 & 0 @ a ! 4
woAnssuuseAvlumud dmduasmanudassluwuaiudiawasnisuyudy e

o

anuirelunsiilafuds mafidelaimuald £, = £, uas £, = f, wanguaunislisd
Aonugy

Fa -G Y] - @) w0 229
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Fa= - () [Y - V] (2.27)
8OAUIN

Fa = -1+ @] + 220

Fr = -(2)[Y - V] (2.29)

2.2.3 aumsmsm%‘auﬁﬂawﬂé’amlw
2.2.3.1 sTUUNISAUaLTiounagasAALDETE

(Multiple Degree-of Freedom System)
dmiunmsduadiiuiifiesmdassinniarieiuly ainsaldfvadanisuvEndun

Pginszilumginlotiym ﬁlammim%w‘lﬁag’lugﬂ"uaaaumsmm‘%m’f‘lﬁ'ﬁaaumiﬁ (2.30)
[(MJx+[C]x + [K]x-=.0 (2.30)

=l = — .
laed [M] B aviSnase sutAf-nxn

[C] ¢ AR mEngRIMYAY. - Tluiarnxn

(K] “Fie s ndainyias HUe) nxn
x =7 AR aNwosnIsnsEan | dvA X
X0 fio annain sy fivuan n¥i
XA AR SANNLT LUye nx |

= o o -l
0.\, Aeininesaug fouranx

2.23.2 msduaziioudiudasvasyndomanied Tasliosadassviniusos

(Lateral vibration of single wheelset in two degree of freedoms)

nsiaeuivesyadelies (single wheelset) lufin x mugU vsiansduazifiey
Tuwwrudhaununy y uasfinnsmyudisseunny z azanunsadsuuuusiassuuuliish
wihailemaunismaadoudt lnsesmaudasswiiuass Téun nsnasuiluuuidudng
(lateral motion, Y) Lazasrindaseiiansia m'ﬁLﬂﬁiauﬁmeyuma (yawing motion, ¥ ) GR

AUl AININTEARURY Y way v SAterunn
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o - - : v v
Iﬂﬂ'ﬂ Y A ﬂqiLﬂﬂaumuLLu'Jﬂfluﬂq‘a (m)

F, AD usIvesaUse (N)

Fy,  fe ussvluuwidinudrevesdodne (N)
Fy, Ao ussAulunuisnudneesdeun (N)
Iy fio AueTIBuALYeIEU3e (m)

L fie AmgnvesaUTaiianagla 9 (m)

= 4 o o w v
NNFU 2.9 aunsalvsuaunMIMsedeuinunguesiian (Newton's Law) leigail

> F=ma (2.31)
ool m
(2.32)
Toest Fi i # |
_ (2.33)

/ gtmﬁﬁ‘#.
i o,
(e

= a ] - 4 o
3‘1]1/1 2. 10 ULANINANINYDILTIFNG % MNATULUBIINNIIATDUNUUUNLUAIY
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- A al -
et w Ao NISLASIUNKUUMUAN (rad)
= P a
X A ASAAIUNLUIRNINENT (M)

o A9 ussivluiundavesdedie (N)

Fy, A0 usafivluuuindeuesdon (N)

vow

A 1 k4
9103 2.10 ansailiguaunsnisiadeudiniunguesessiass (Euler's Law) léisail

A

7 A (2.34)

o
Taed

2

2.36) agldlesiail

(2.37)

(2.38)
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Tem® + kd v - (3) v (‘—t)] -ay}do + (3) {v[i- (’—‘;)] +ay}dg =0 (2.39)

. 26,d¢°
Lo + kd 2w - S

IME

0

2% 9 leor [(1-2) 2
G [ el R
\% i)
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2.2.4 ¥ANAMUARIBARINIING (mechanical similarity law)

N15898NI1dIUAIERANAIINA1IBARINNANG (mechanical similarity law) Tag

wa ) e 9] & o o w [T Y] | | o o Vo -
AuguuAvelanduladeniandrdglunisleisusvauindediunasfilnadnadoulen
o d 9/ = s 1 o a =
mmualuiSesvesauadeaiaiu lunsdoszanusavilasyiuauinsunsemasoads

Henududasiduniuem nnuideves Hyun Moo uazame a¢liin
9nsEIUNMTEDURIANEN (9,) B
g=2L=g (2.45)
lo A VUINAIIUYINTS
l; Ao WUPAEEMITBILUUTABY
uay ¢ A AUINNITERATY
Fauhandun It eI o Fransadalaivufvany
dnsduNNIteIlaT (g)fe
pp'='e (2.46)

PRINEIUN LDV SN U () fa

9, % E‘T (2.47)
ansd@uMstiouelEnIng (o). Av
Oy =090 =0 =9 (2.48)
IMIIEIUNTLDYBIAULTN(P). PlE
9, = lp% =¢ (2.49)
onTIEIUNTERTRINIA (¢, ) Aa
0 =007 =@ (2.50)

onsduMstoredluuuinden (p,) Ao

¢ = (qu)lz ool =0 =¢’ (251)



ansndnstovesrALiweEY3s (o) fie

LRI

{ (011). 2 ....y
1\“}.\!" l!%é,

1
T T

(pN(normal force) = (Pmcpg =@

3 1/3

_ /9 — 43
Pap= (75) =@

Pp =P = g3 = ¢85

20

(2.52)

(2.53)

(2.54)

(2.55)

(2.56)

(2.57)

(2.58)

(2.59)

(2.60)

(2.61)

(2.62)

(2.63)

(2.64)
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1 o as g

2.2.5 NMITATUIUTIULAZAINIGINBLADS

ANTATUINAINIAIUDLINDS

(3

Tun1sidenmunnuamsIuLNzan 15IA1LINIINAIEINTSTuYeIawmaslEann

P=t0 (2.65)
Taedi P Ao MAwoINDLNDS (W)
T AD NOINVBIUDLADS (N*m)
= -1 a (3
® AB AT UTILUVDINBNGS (rad/s)

< o - = «
E‘U'VI 2AN\12 LLNLII]’]W'JWQEJET'53LLﬁﬂ~1‘{Iu'1ﬂLLa:§1ﬂﬂVl'N‘Uﬂ\‘lLL?GLLGSIMLMUWU@G‘QﬂﬂﬂaEN

= X & e = 290 | o = o Py e
\iB9990Roller rig R)wUuiituindoulvide ivigatisipaouil Insa1fouseann
cal 41 as . o o ' 1
UAMBINAINIUNAY (R;) 1783 Roller rig (Ry) orvusilsudunnuninduseninegs (R,) wae
Roller rig (R,)

- Roller rig (R,) + O My EM=0 (2.66)
— i -~ (2.67)
Ty - ].l.NRz =0 (268)

K
w T - umgR, = 0 (2.69)

Tunrsagmmauamasiy 15798Wa158419 Roller

. rig AD R, Wedlinan (Rs) Wiwaivusinasvin i Roller rig
JUN 2. 13 ununwingdass

Y

uadawmasivasniviniy
U84 Roller Rig hagiwan
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Ty = T3 (270)
- s = Aﬂu a do o o _ e
nMsmanuiamveewes (w) Rnsaniiuiidudaiussdmiududadu () vt

Azlan oR; = o,R, (2.71)

P < =) J a ¥ 5 a Ay oo v
logfl o, 0, A0 AIEATaNvasuly i wavituia n Hdudaty

= o = rjl‘ = . é’ - sAo o W
Ri, R, A9 FAUVDINUNTD 1 UWATWURND n NAUNANU

A5 UVDIUL 3t S
] 23LAINAIIULTD
:.-'-_ / "“I:‘
~27N (2.72)
1120107 SRR
n3uarls __ Ggf\’b’ 'S (2.73)
ST LT
LRBINT Wt N-INR %.\, Y LA : (2.74)
Toef o
N > P -
3. 9
N = Qaﬁf@ﬂ | "\\DQ (2.75)
Inguarla o= ; (2.76)
Tneil y Ao AuSwewas (m/s)

< @ = E2)
r A9 SANYDIED (M)

dnauns (2.76) Wunuluaunis (2.73) ldanusisavassuawes uwanhluidensuinueimnes

=l \
nzaunsld
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2.2.6 ANsINNd0IvRIA1AIdDRRl (RMS, root mean square value)
lunisAunuauswesnsduasideu aeldisnsmeAsInfidasnideans
vasfidvanaaie lnsdrvuiadygrunisduasiioudildainnisialulauuiaiiniy

Tniequieniideans udniniseisnasndisnanifiansuinazaensiniass 3116w

Arms ™, ’%( J;]T az(t)dt) (2.77)

- ' ' < o w =i
0y a, A9 MANUSTINTidewerdasade

AN (2.77)

= 1 i «H. - : ¥
a A Aaransinnavulurisiianta g
T Ao YR

2.2.7 AAuudeavse
- el ) o o e o o =l
NsPanuLUUAYTRIVLAIA NI Iwndaenas dunsaduanlaatnaunisy 2.78

Y ke €< (2.78)
¥ 8D N;
Toem ok Ao AmAludaesaUs e i)
F A8 | anssains g neauUseo)
d Ag) INREUNINANEINATUBIA AU (m)
G Mo, 71 Shear Moddlus of Rigidity maﬁﬁqﬁﬁ’mﬂ%q (Pa)
D B, “YanUHAUENA 1 BRUAEUT

N, O I P ST TToN s R RIOR TS LI

2.2.8 Anlasidudanunrainindeuvionnuiawain
I ' = = I ' al ' a ay vy toal =
Wunsmanvisuiigusewinalunmguuaza1asdild iegdrdenufionain
paranAsuNINdosAesidud mnsadildiluuinuansirdrasafesndndmianguiuay
Tumsnduiunaduauuansinmasannnitdmme i
AN B — AN93

% ANIUARIALAADY = —— — x 100 (2.79)
ANV W)
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WANTUNITUALYANARAD

Wandumsuagiauuuugadeinalael (single wheelset) Tagldnanany
AA1EARININNG (mechanical similarity law) Wagn191T8URKNURINTTIRYDAlUTUNSY B9
UsENaume TunoumIAiluau N1seBNLUUYANAaBIgAdeINaIALl (single wheelset)
nMsi@sunnudanisinnueedlusunsy nsldnuyanaaes warinismeasslilinasseun
Anneiivisuiunguiiimuiu

g o
3.1 YUABUNITALUUIIY

< o - d o v o i
TunaunIAluUIBEUARN B n1sduYaRde Anvidiulssneu

]
B

UsznoutuInuesaln N1SAuNafs IR 1asRIa0 wasadeiiieates et

v 1

& e U
VayAMATUNA ey dNAINITARDUNILLAY 2DNLUUYANAGEY

! START J

| Create Mathematical Model |
|

| !
‘ | G AT\ - ' Study and Design f
/Design the wheelset scaled madel | [ 158 fp g R :
by using Mgg_hih?cﬂlﬁ;]aﬁli;gw : iy Irterface(Git,

| Buildthe wheelset scaled modet-"| | Build GuI MATLAB Window |

! |
. Doexperiment_| o | | | [ Validated by BALOOVIN D. and
1 -@wiﬁmmt\"' -.‘:’ &REFHNwT:E%MNﬁE?EfI:d::un

/ Experimental Dat; 7 L Simullate ‘
/'7 Theoretlical Data /

Compare Result

( END

= @ & o A
JUN 3. 1 unurs (flowchart) uansdunaunisaiugy
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3.2 NIDBNRUUNAILIYAZBINALAEA (single wheelset)
INN15ANBINITOBNUUUYARBLNALALI (single wheelset) Waurlneldvutn track
gauge 1.435 w3 , 713 60UIC , gndosalul 51002 uazriwmiinsiisrnadsdlusasavunnase
3281989911913 38909 Hyun-Moo Hur F9azviinisifsunuusiasalulsunsy
SOLIDWORKS Tun1sgiadiuvuinaiiuena 1:10 LLazé'qa”lmSﬂﬁ'lmﬂwawmﬁmﬁnqmﬁaLLas
Aluwudiraudeslédne lagldvimsoenuuululusunsuneuinimesfguil 3.2 uazvhnis

astusy anuannaliadu (stainless) lududsznaundnvesyanaaos fagud 3.3

3.2.2 dquusenau
L. gaaemnaniedSingle wheelset) fia daudhaoivedinardasalw dulyndovianue
2 ywnmnandesag Anun 1/20 uay- 1740 Ingdgrunpanzduuuassily 1002
2. yadalyiuvu-troller fig) A @i 10895 19-579-60UIC WAz uyaduindou
v A7 M o » o a S
VijuMIBNBIAeT dswaliyadeimanfe RN AsIARBUN
@ w - - ar ] o . o - o
3. niliusztzayis fie diuranyiuszosvetauSede e lvilausmasuguiuusay
- = nbL T Tl ————
uwazdlussnedinalAseiuvsaaikly
& | a0 «l AbA e AT AT M | ' w |
4, nsv fie duiivsgasinisieieuiivennaRomehilwedouivanainyedeuiy
visju (roller rig}-uagifiudaufarsnyTusyoraray
: o [ a g & » - A
5. gniapeiuthvngsd fe auisessuimtnyianuaun evina e tngguarilinda
Tiuseaumenldsyuiy
| | o ar P ' ) 8 % 2 o a
6. YNBDT Ao dumavivindouynaeuyiumiiudwTuiadluduawardoviliiie
1 - oa -3 = i 3
n1alAAsuTIindu dviige 24 Vde Insasiindasudatutsdtiuazyarunininund
7. yauaiinadmiaseu fe duinrudiseuleeld@uivesdurusauasly

Arduino AuuARENISaTalLanmagansInae LED
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yasnsfulaseainawdn

undinlw

ynde

uviumyudiana

-
nsARBuR

v | v = ' e
)\ galaseaseman niouRBIWa ALY WrnaesnuaNmEasaU (RPM)

Accelerometer -

Sensor

Data Acquisition (DW-X3)

Single Wheelset

Power Supply

System

Speed Knob

Base

7.) wnuialpezunsun1sindgnnnans



1) suniamsduiasyninaluuinaetas (Wheelset) uagdanas (Roller rig)

i o 1 4 al A o dy 1
gﬂﬁ 3.:3 LUUINABIEDVUINVDIYA DLW LA INVINVUIINAUAULAE LEAENADIATNAN

@
AL

27
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3.2.3 AMMN5718ma59InN15Ea0nsdU 1:10

) a v ' 4 o v ° !
Tumsmamwnaiiwesannstodasdluganeasafiotluld Tunisdamanig
Nuuazas1aMeaes sedsluiite 2.2.4

BNTIEAIUVDIANUET ¢ =10=0¢
JnT1dUTDIIAN ¢ =1
SNTIAIUTDIAUVLINLY 9,=1
nTNdUTDIUIU

DRSIEIUVDIAY?
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A15797 3 . 1 ANTNATS RS luganaaeY (¢ = 10)
. o, - YUIA ,
ATNN51HLNDT YUINDTY ) N
91894
WAYALNAIAD (Wheelset) 2755 2755 kg
Tuundmudesyainardesounny 1932 0.01932 kgm2
$ailde (wheel radius) 0.425 0.0425 m
s e esaln (half of track width) 0.75 0.075 m
adiuasiuiunu X 2,000:000 2,000 N/m
Sedldauwviumyu (rollef radius) 0.75 0.075 m
AnduUsyansussivivanueme-§at/20 3,795,800 8,177.8 N
AU sEAviBlsIAuLLIR LT §91/20 3,429,900 73895 | N
AnduseanEussivilamale T d81/40 3,798,200 818297 | N
AndusansussPlwInIETn 1 391/40 3,432,100 7,394.24 N
A aend 207 207 GPa
Ausalianne-(gravity) 9981 981 m/s2
AlugaanNiilnge 793 793 | GPa
AR IIENTIUYe 0229 0.29
ArszegvinealFa NgRR NI Bt AN (d]) 0.101 m
AU NYBIAYT AT LaRE
0.03513 m
(length of spring in the'eguilibrium.state)
AIANEIYRIAUIA (free leneth Ofspring)
0.035 m
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3.3 MsdauizugunIalinAiuiaseau

1%
= =

\WosnnAfiansuunassruauamsiseulilduansdanusiseuiliiniuass
Mty JevinsTadisuifisuarminuniaseuuumaiyadanialRoller rig axle) 7indae
Tachometer WSgulfiufuAfiuansuundasnIuauaIEIsou JUT 3.4 anduthundeu

ﬂﬁWﬂamé’uﬁ’uﬁ‘sdemmL?’giawuﬂémmw}uLLa::m'mL%ﬁﬂﬂﬁi’@léfﬁaﬁqgﬂﬁ 3.5

o as =i ] o i ' ar o & o
JUM 3. g uamnisdan e uilisuifisuiussninindopiuauainmiaduiadesiioTn

Tachometer

Calibration RPM

Nr = 32,306N-431.71
R?=10.9992

RPM on Tachometer (RPM), Nr

0 20 40 60 80 100 120

RPM on Controller (RPM), N

' 3
@

3UR 3. 5 nemluansnuduiusseninermdiintufuanudd Tachometer Sald



31

1 [ = Qs s < (v = o [ -
WUIAULIITOULANNAUNUS AU U UA NWULLTWEU AU150uanIlafIaunIsa (3.1)
N; =32.306N - 431.71 (3.1)

lagil N Ao Armisisouiiuaniuundasniugy RPM

N, Ao AU5250UNAATUISY RPM

o 1 | - d’l =Y J o ﬂ-‘-‘ U d‘ v
UrAANi seUARTuASe (N,) Aldlumuianiionian ANNANTEAU (Hz) uay

@l s I

o =l ¥ e v a ; o o
AIAL3T (M/s) NIRFUNATZNINRBI1804 (wWheelset) uazyndanas (roller rig) Tnasriluas

ABNAs v 75 mm
mmﬁn‘izﬁu (exiting frequency. )f\) = % Hz (32

m’:m%qﬁsqﬂa"uﬁa (velocity ;v.) = %x 0.075_ % m/s (3.3)

J (]
3.4 NMTERUMBUAIANNLTIVDIAYSA
d - T = A e dr ! qI o LR o
e aUsuiRtAL MY AR e g onuuU ] Fouianasyadauainy
[ a o v o al ) i e & 1 Ll o 74 I =
wiwesatFsnanvale 2arasiinawiduvsatiasnianaiusalld nasusdavdiruudaes
= e o - dv ar nlj -] 1
aﬂ‘sammiﬂwﬂﬁiﬂamaﬂsammaqmiwmﬂavmﬂs-snaunumammgm AwImslduia
o ° A ar a4 ] ) '
VLA Uagu Dial gauge W1 INSLULHRRBIAUTIIRNIAAAA Y A THTU VURNANILHENAUD

= as 4=J 8 =i r ar e 4
aﬂﬁqugﬂﬂ 3.6 WA NTHUN T TALERIANUFUNUS LARSNSAINT 3.7

2
Y

o o
JUn 3.6 YURDUNITNAFDUAIIULTIUDIAUT S
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Spring Stiffness Test

18
18 y=09563x + 09403 .- °
14 R =09889 g ®
— pett
Z 12 o
1 -
q g e
U g »
S o
2 81
] o
2 |
0e

y & elel I3
AU VIIATAIALLUY

: fiviv

l';llll I.
w\'
8
<\
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3.5 MSWAIUNTUSHNSY MATLAB

a = o = a v @ o =& o a
nseaouvosymaBwaLAgIansn iR eilaluntaunts (2.44) Faduaunisida

b

e w L4 o

syfusduduansvatszaznszdauaryuds Jufe Muds v uar w Aud ey Fedawinnis

1
= ¢ = s = € o

USWUsSIgunuIa I NamIKalaasvasdassnys 1aslun1smvswus stuiuseelizaule

SUALTRINNSLAABEN (Initial condition) Taevilufe AszeznsednEuiuLasmImsSudy

[
v

Y9IIARIRILUS WSeanunsasuduaunislasad

¥ _
5= uay x

¥o

- {Iﬂ (3.49)

=

N9 UsUlUSUNSUAMN MM IAsIERaRas L 18NN (2.44) drslusunsy MATLAB

- ooa

lneld Toolbox A1dpASWIA1UTWUE B4 ILa FauA1dT ededs (Runge - Kutta fourth
v oa v . 5
order) AOIUNTTATN State variables ol

Y Y

w 7575
X5 foat MaE = 40 Hio
X4 A% R (3.5)

i ¥
Anlunndinig, (244) wee(3.5) anunsnieuaumIanudidiusuedanmed X way X Tu

aun1s (3.:6) lanail

X+ [B]F (3.6)

g9 9—%2 1-2-*2 ]
TOEMINKT M1l

Yo
L]
X
¥

at

wazReulususueInsyUTWES Ao x, = FaluTassauiloesiangail

Yg =0.003 m

o ‘i-‘():O
X = Yy =0 (3.7)
‘i’0=0

3.1.1  ms@ulusunsudiusouszaunswiindudld
(Graphic User Interface, GUI)
TunsAurummguniulusunsy MATLAB U nindaanisasfinwinaves

AR5 T ndurrdaadnluudlaléalulusunsuilaadreld lulassnutsalatinng
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WawdusaUszaunsmAinAugld w3e Graphic User Interface (GUI) (A1ARwan ) Liayh
Wldswansodnvnavesrwisiimesifidennuisingnldavaninniu fodedenis
wWasuwUasArveswisifiwesurazia awisaudloruntidie Ul LaTuiud Taeld

] [ 1 v i v n:' -al' 1 = = 173 é’ 4
Tdunpadunldneluldnvadllsunsy adusensiineuienainuedlaatule

# GUiLaters! - b3 I

( anwunalulatnszsoandndmammanianasds

UM 3 '8 mnianMLE Graphic User interface figniimuiiy

uonanniiluleseamtsainunliianin w kas o, uuime GUl NUMsAANTI
INFO uagdaiimswannngnsaduninaissagnsydawindidis (ateral displacement)
waxm:a‘)’mmﬁmumu (yaw displacement) A2 THLS IMUAAIUDAS (lateral acceleration)
LAYAULTINTVUA (Yaw acceleration)@lulig sk iaunnsndnity EXPORT witels
aunsahiayanisddnnsvmasseuansnlusunsd MATLAB TUlupFinsevig 9la
ol ﬁ&gﬂﬁ 3.9 a£:3.10



INFO

' ,f'| |'.'!1'[[IF||'|1|||I i
wl A
Ihlfl ﬁl‘ﬁmb (!

i r}iylﬁn'

n.) vinAsn1sUuRalig

35

saumaluladracsowndnimamminianisds

(T

IIHiWIIINhlillilllhlllll

%) Wa xlsx ﬁlﬁ

U3 510 nanI STUARING Xk waaRanTiL-EXPORT

= A o '
MaTEUlUSUNTUNDAILAIMIAY O uas (g

NMsIngUatRTswEndluasns 3:35 ValildwvEaduesna [M] umindues

Qs ] = L4 1 o ar qr
AINUN [C] WAZIUVSNGUDIAIAITIWINTDAYS [K].osesin1sv 3.8, 3.9 way 3.10

m 0

M - J

[ ] [0 ICI‘D
P

(€] - ! 2f.d02J
| 0 v

Kl = 2yr,do

(3.10)
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M3TeUlUTUNTIAATILIA w Uay w, selusunsu MATLAB Lagldeds eig Aons

1 Eigenvalues wag Eigenvectors @masiin1sadns State Matrix ¢l
0 1
ol e i (3.11)
-IMIT K] -[M]7[C]
Nnuhumingdldannnism Eigenvalues Tuduaumsuauasuarsauium
d o o 1

A et AWM o uay oy fald (ArwIn)

wnansthluenansiianulidwiunslidenuienisfinwimiity bisygialihldussTemimunisin

lidnsdllagnsdu nvaiudlidaudanion uazdesdrsdadadesenasnnaiminisdiluld
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ATNISHASNANITNAADY

4.1 umin

luunilasnsrufaitmamuadnsdildunannisduinlngldlusunsy MATLAB
Bnsliyaneass FBnsmeaes uasnanisveaesilinnyannass luininisinse
waLﬁam’%auLﬁauwaﬁlﬁmnmsﬁﬂmmmmqwﬁﬁ’unaﬁlﬁmﬂmwmam
4.2 3/N1INAABY

ABnsvaassuvioeplil a7 Taun n1sPmesdnaunsailulusunsudildwaunly
Lﬁiamwaaummqnﬁaq NISAIUIUNAN ) THBUAUBIM e Az 1T Tanana uaues
ANILININNITNAGDY

4.2.1 MeAsIvEaUAMONARNURIlUTHUNSH MATLAB GUI dasanaunisaldnass

lunts@enlusunstimonfinwod i Jniusesiinsniideua g NFRIveIMAN NS
vl sunsuiigneiends Faldiings S5 sarasamnsadn a5das 5,990 deves
YOSHINO wazmnuz, undhiamuntsalisnaesbifulusinsy) dimmmstimsseng q fannsnedi
414 i

A1597 4.1 a5t asnlTunnsAtassaauAsellu s whsn MATLAB

mass.of wheelset m= 7Kg
spring stiffness ké= 1390 N/m
spring length ly= 0.07m
equilibriurn, spring-length 1=40.0712 m
moment of inertia«.of wheelset lg =0.06187 kgm?
half-length of 2 springs d;=0.124 m
half-length of trackwidth dy = 0.04855 m
wheel tread angle Y. = 0.0466 rad

f, = 5322N
creep force coefficients

f, = 4257 N
centered wheel rolling radius ro = 0.0364 m

YU: 3 mm
initial condition

LIJO: 0
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Wietaudeyaaniunisaisiasaiainanaclumntisne Ul lddn ausadnga (v,,) 2.702
o v o < & e i £ & &1 a 1 1 <

m/s Falanansml dsgun 4.1 minhluifisunesidudimauiianainseninedinauisa

INOAUBNUATEE B iU 2.7 m/s wazArrEIIngATIUTLNTY GUI Feaunisi 2.79

wle Wosiudnanalaiu 0.074 %

x|

4 GUlLateral

O 101 umalulainszsoumndudmammsainnseds

/Jﬂﬂni” \ lnfﬂ |

|ifL

I
il

i T
|'.},'r'|'||!|n”ﬁ L||'I|I||| H i”ﬁ'\ﬁ

——

ml PLOT | oy

U 4. thmuassvthig GUl MATLAB lilenshasuanisignfeduelusinsudoe

ARS8 19D

4.2.2 msfuankananguialelusinsy MATLAB #iu GUI

MIAUTNHARDUATRMINg e ulYsitnsa MATLAB 21938015138 a dae
A1ds odeds (n1ARIN A), lunisudasinIseywius (241 uatl(242) Tnsn1stoy
Aliesvenuuiiassiiduiniliainngeaatedigadmisasiansned 3.1 Taeidou
gamddlilusunaimsfuImIUIRTe s B ATElutIaT 10 3uf uanTeu
ns N Juiindritlduaznsmililfiduteyaiouiiouiunaniimaassninyaneass @

1 - fdu v o QI
rwisdimesninlannyavaaeddlunisdrassanunsallulusunsnduluaunisad 4.2



15199 4 . 2 Arlwesaseiiialdnyaneasddlunssiaesaniunisallulusunsy

MATLAB

mass of wheelset m = 2.755 kg
practical spring stiffness k=1913 N/m
spring length ln=0.03513
equilibrium spring length 1 =0.035m
moment of inertia of wheelset Iew = 0.01932 kgm2
half-length of 2 springs d; =0.101 m
half-length of trackwidth dg = 0.075 m
wheel tread. angle; taper 1720 Y, ='0.05, rad
wheel tread angle; taper-1/40 —=0.025%ad

£.=)8177.80 N
creep force coefficients; taper 1/20

f, £7389.50 N

fy=818297 N
créep force coefficients; taner 1/40

fy = 7394.24.N
centered wheel rolling radius rg = 0.0425 m

Yu= 3 min
initial condition

Lpo—_- 0

4.2.3 MFINAINMUTRINNANITNDUALBI YD IIAAE

FNIMIRAANFIINNTA AL TR BUsD UL

ge

= o i 1 L =l o 1 4 L al &
1. AemLuUIIRIpAINYRRBIMA AL ludulinnarsesdeidau (Roller rig)

=

& = g ar el o 1 - 1 a o <
JLYULLBIIAATTSIVIAAUIU T LI AT 18D ﬁNEU"ﬂ a.2

!

2. 7f

=

LGas
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3. fioany USB L°t’hLﬂ%‘@dﬂauﬁfamaﬂﬁmﬁuﬂm&a
4. WalUsunsa Dewesoft X3 Tusn
5. aaelUswnsuit channel setup (G‘fﬂgﬂﬁ 4.3)

- \dondi Analog in tilevinisiden (used) FoenneudyIn uasvinnsee
Fo aniulud set up lnefifvun sensitivity 100 mV/g MuYtnUeY acceleration
meter 'i:u Kistler 8690C50 #afin range 100 g Unit {danyiie g uay Sample rate
20000

- (BNl Math Uil Add math wield IR Filter NsdAQIRIIE Butterworth
HUAY 5, 188NY729 Band pass ﬁ'ﬂ:‘mﬁﬁtﬁﬂﬁuﬁmaﬂé’a wheelset wilpgArvunli
ﬂ'nmﬁ'ammauuasawd'maa (wheelset) ii u,a.,'maanm (roller rig) Wity #ifisad

42.5 mm Way75 mm. G]’I:erﬂ'u wmaumsmimmalﬂu

0 075
60 0 0425

| mmﬁmnmuﬁmmaa Wheelset Hz (4.1)

,,,,,

\ |

%“f mdlum Unts e u; Setp !
_.‘?ﬁ nm {7 hcversten w7 Iew Sewp
o " b vV w0 Sewp

ooy ___I' 10000 Rz ater, ¢ e Sep |
£ 000 Vo 2w | Sep

-

°—°'°‘ 10000 kverston w2 Imw Setp
*‘f” 1000 Vo 2w Sew
"‘I’“ 30.00 v e sewp
L 00 v e Sep

Ul 4 . 3 uiwha channel set up veslUsUNTY Dewesoft X3

Tnel4ia30aile acceleration meter U Kistler 8690C50



a1

- Aarlusunsui Measure TU# Custom (fagudi 4.4) udaviinis Design

Custom Measure

AR 2O -
@0 0@

.
Freese  Recorder More.  Remowe

=Tl

 Group
Corvo <lcl]
e 1 OO
Tranaparency o
Unfied propertes 2

SUW 4.0 4wl Measure

d ' IJ » ar 1 o 4 13
i AT AN IALAT AR AU ATeY

o ) =] I s 1 e} ala as
6. UiummnudaanadesnTunl Ineveulsumudnagm3sangesnisia

Yuusunausa
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7. inmssutuing laglunedi Store
8. nasaINLINtuiin AnHuseYsEIN 10-20 Wil udwinns Stop

9. wehmdyaanialduimaed Thlalwdivhnistudindeyald na Export

]
=

niuLdendl File Export tiatdenysunnlng® Export 1iulUsuATY MATLAB u&at3n

{Ju Store @ Dewesoft X - Datafhe: Test_2759_1_40.dnd
9 -

Anaiyse Sewpfies O sebn » Desgn

d 1 L = r ar
JUN 4.6 wisatiuvinAnd ey

o ' (| al o o o
ﬂ'1mmmmﬂmLsaiwﬂmaawaamaaaamaﬂﬁwiﬂmnm MATIZAB

¥
£ Dol Vi 278 it

i Batet e, ¥ 278 Finer L3 ale' actie

serpe Wi a8

t:J ot 1 £ 1 oAy v
E‘U‘W 4.7 WJ'E}EJ"I\i‘lwﬁﬂ']F’]’]’WﬁJL'ﬁ\‘lﬂlﬂiﬂﬂﬂW‘JWﬂﬁ@ﬁ

1 4 1 v 1 =i 1
Arngulanlusunsulunsag Channel dnedu “e” w0 9.81 m/s” 11A1ALISIRMS

filsluusiazgemnufilSsuiiouturmiugs RMS fildanngusd
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4.3 WaN1TNNaBY
= ' = = = o kS ' = = !
HATBIMIANHIAzLUIANItUNISWIBUWBY 2 Anway laun Maueulfisugustg
anvalrroInuluNTAuARTBNTENI NN SAIWINMMgU AUNaNSNARDY UAZNIS
WisuiieuAedsyesAsiniiaesvesiidasaads TnsAnwdenilayunsisde 2 wuu

laun yunviede 1/20 wasyunsaede 1/40

4.3.1 HANTAUINNNGBIIETUSUNTU MATLAB Huntidng GUI
Wievinisinassaniunsainsduaiiieusaelusunsy MATLAB GUI Tagsnaasfiang
nsifiangAnssunisindeuiiuuuiaies (Stable motion).wuuiadiosidntioy (marginal stable
motion) wazuuvLitaiies (ufistable motion) F1n1sAuTmnguiHan1InavALBITE
3 o i [} =4 v &
AUTIVBMUUT AL gnuiaamBeunsinlamedl

L wafuIumegufvesiingiede 1/20

= d = .
ASLARaUNLUULEAES(stable motion)

Lstoral Accawration Vs Time n

T 5 b e

nos

Laternl Acceleration (g)

&
=1

01

D15 -
o 2 4 (-] L] 10 L4 14 16 18 0

tme{s}

| i =l <
JUN 4. 8 NIMUANINATBINI LT INBUAUBIYBIYANAIAD 1/20 N NdNsEAU 2.87 Hz

(172 RPM) ArwrauAauisale 1.35 m/s



a4

n1stARBuNLUULEdesIantiae (marginal stable motion)

Lateral Acceleration Vs Time
T

Lateral Acceleration (g)
o

: 4 1 | LY a | e
0 2 4 s b 1 " 7 16 18 20
LG =)

o I~ S : g 1) = = v
JUN 4. 9 nINLARHAYDIR TN WO UALB 1B YAIATAD 1/20-Aimudnseiu 12.41 Hz
(745 RPM) Arnmaaauiiale 5.85-m/s (critical velecity)

msaReuituulsiedes (unstable motion)

ol 0 P8 - V4 <L Caierid Ackolstation Va Tirte
7 r F > A [l " )i | ]
w

s

»
[}

8
1

Lateral Accaierabon (g)
= -1

-8
o 2 4 L] L] 10 12 {0 16
time {s)

< ' < =~ v
3UN 4. 10 NTMLAAINAYDIANLIINDUAUBIVDIYALNAIAD 1/20 nANNaNIEAUY 13.79 Hz

(828 RPM) AutuaIA1atsald 6.5 m/s
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2. WARWINNNNG U YRIANTITD 1/40

NTiAAUALUULEDYS (stable motion)

Lateral Acceleration Vs Time
04 T T \ T

0.08 -

006

004 —

Lateral Acceleration {g)
& -]
2 e 2
|

£

1 1 i 1

1
0 2 “ 6 & 10 2 " 16 18 20
tmey{s)

= ' w : P = w
EUW 4.11 ﬂ'5'1wuﬁﬂQN'ﬂﬂa\TﬂT]JJLﬁ_ﬂﬂﬂﬂﬁuaﬁﬂaﬁﬂﬂtﬂaqaﬂ 1/40 ﬂﬂ?'\uﬂﬂ'ﬁg'@]‘u 347 Hz

(226 RRM) AR msilSale 177 mis

o = 4 . .
nsiARDULYUIERESIANYes (marginal stable motion)

3 : Laterai Accyivration Ve Tane =
T i T T
185
19 -
S a8 h
=
(=}
=
@
& |
E
g
305K I
1 ¥ 1
1.5
2 1 1 | |
0 2 4 6 8 10 12 14 16 18 20

time (s)

= ] =l <
FUN 4. 12 NTUARIHIAYDIANULSINBUAUDIVDIYANANED 1/40 A mdnsedu 17.55 Hz

(1053 RPM) AwiuanAuiiale 8.27 m/s (critical velocity)



a6

i P A -
nswnaaunuuuliiafios (unstable motion)

Lateral Acceleration Vs Time
80 T T ‘ .

40 —

[
S
I

Lateral Acceleration (g)
o

g
1

a0 I 1 I il |
0 2 4 6 8 10 12 14 16 ] 20
ume (s)

= X ] i ! g - v
UM 4. 13 NHUEANA YIRS INDUALBNYQIYNG IR 1740 wmmﬁnssquw.lo Hz
(1146, RPM) AinuanAaziTale 9 my/s

o - PV o 2 ) o = a
AMNNGOTITATUT m‘l"l'NVIqtf{] U8 GVIQ'E!’VNQJJ n3le a8 Q%Lﬁu‘lﬂ?’lmﬂﬂﬂ DUNLUULADYS

\éintios (marginal stable motion) WUANITIAIRIWEIINGD (critical velocity) YBIYUNTIY

v 44 . L aé - = a-l - -1 =
a0 1/20 ey 1/40-9.5.85 m/s-tlaz 8.27 m/s mnsiginy 'ﬁ«mmmm@'nnqwmuﬁumauu

v - 3 ¢ ok T ; ;oede
nIwARanas ANTLAT 37 LUDSTUR FanianIniIsAILl e

8.27-5.85
5.85

a oad ol
% AINSTINOAIINTY < x 100

W A T AIngR ez ban swgAnssun U Aty 3/ (stable Motion) Hufie
@ 1 < i 1 e = - ]
anwaizvensmazgiduingeatd wasfiniausigindna3nga szuanmginssuwuuly

& / s e l
\eifies (unstable Motion) wiuldandnwasvesnsmiilinnsnisgeen

4.3.2 HAMTINAIAIUITINNANITNDUAUDIVDIYARD

nsvaneainfAISINsduaifiou (m/s?) Ataeruaseu 160-2800 RPM e
$29ANANTERY 2.67 - 26.67 Hz TneufuiudrienaasmunuaiiiIseuasanaaes
Lﬁa@wqﬁﬂﬁmamwauaum‘ummwms'a‘qﬂé’mwmtﬁm lugaiatios (stable), wafies

éntae (marginal stable), wavliadies (unstable) seliguanvazns el
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1. WHANIINARBIYRNLNNTIVED 1/20

-l = .
N1IAdRUNILUULERNES(stable motion)
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< \ ) e - @
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Lateral acceleration (9.81 m/s?)
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Time (s)
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FUN 4. 15 N WUERINATDIANULTINBUALBIVDIYALNATED 1/20 AUANIEAY 15.97 Hz

(958 RPM) Aimuanusnaun3alel 7.52 m/s (429984 critical velocity)
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o al ' .
nsiasunuuuliiEies (unstable motion)

Recorder

ZAR M (g

—

Lateral acceleration (9.81 m/s2)

W

(151018

lable motior

Lateral acceleration (9.81 m/s%)

L il | -

i)

Time (s)

s

= 1 - & »
FUN 4. 17 N9IMUERAINATBIA IS INBUANBIYRIYALNAIAR 1/40 NinudnTesu 3.77 Hz

(226 RPM) AuanumiAnusala 1.77 m/s
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Hecorder
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o

Y

Lateral acceleration (9.81 m/s?)

A 19.78 Hz

Lateral acceleration (9.81

e

tis)
Time (s)
= ' v - &
JUN 4. 19 N9 ULARINAYDIANMULTINDUALDIVRIYALNAED 1/40 Wiannudnsesunse
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neanmmasaslutruSsouine q wiulddinsiedeuiivuuades (stable
motion) ‘uamuniwﬁaﬁ 1/20 uaz 1/40 finuida 1.35 m/s uay 1.77 m/s nuirdnuas
nsmzgiindanaunamiiounanmaaasiimmi e

& 3adRASIINgRYDIHaNIINAAD BN TBEDT 1/20 uay 1/40 axldtag
P 7.52 m/s waz 9.32 m/s audndy Wethanitlalusuifisudeidudaa
Aewanaiuriimldlumemguiidheaunsil 2.79 a¢lden -28.55 % uay -12.70 % udndu

a ¢ s < & 4 v a < <
uagiiediduintaiindudlonunsisdoanas Andu 23.29 wWesidud
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dmsutneasuiuamdngnainnanisviaaeesidaatiunsede lunismaass
gIdelaiumnishasslnentsres indamdsouTimnntusulagaauiingd v

oo 1L e & th Yl o) w
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4.3.3 Nan1TWSeuigUANISINNED9V0IN89d09IRRY
Lﬁaamﬂma?é’f&mmgﬂs’wﬁnwmwaamwﬂﬁUqatimﬁsn"hiLﬁmwaﬁ%w%mamm
WHUATIVDINTNAADILA ﬁqﬁ’mﬁamma@udwmmamwﬁgﬂ‘uaam‘sﬁuamﬁ@uﬁmm
IndlAgsiuseminamaveassiungul] Jdlddoyaninussildannsmunuasmaasstim
WANAISIRAYTINTIdeBITAsdasade Tneli A=0.0005 (Ax Sampling Rate) 9Nty
o = o ) | £ & - % o @
AN UTBUTBUAUTA AU DS URAIUEANAIARILENNTST 2.79 FILAAINALLANS

wazigUNS IS BUT B UA YT

= =i =i 1 =i | ' <l
AN 4 . 3 ﬁ]']?'NL'LJ'ﬁU'UWIEF'U'EBWTNNﬂ‘VIﬁﬁ?J\'JL’L'ﬁSNaYIN?]ﬂ‘lﬂ{]‘ﬂﬂﬂﬂ?ﬂ?ﬂuﬁx‘x‘ﬂﬂﬂﬁad

o af GJ q"
MdsaosRfetpeRasviyungIe 1/20

NAWSEUTIEUATRINNTY RMS gaesfinsasde 1/20
AMSIseY A A2 ANARNLSS AALISY AR
waRoller fig | nagsulFz) || (m/s) RMSW b (|- RMSviaaes, || Aanain
(RPIV) (9:81m/%) (9.81m/7) %
172 2.87 1135 0.0038 0:0032 15.66
257 3.95 1:86 0.0062 0.0057 8.30
378 6.22 2.93 0.0134 0.0156 -16.10
449 7.48 3:53 0:.0192 0.0118 38.68
526 8.7 4.13 0.0274 0.0160 41.68
604 10.07 4,74 0.0404 0.0353 12.69
677 11.28 5.32 0.0635 0.0375 40.90
745 12.42 5.85 0.1159 NA NA
802 13.57 6.30 0.2511 0.0578 76.98
958 15.97 .52 10.5856 0.0930 99.12
1084 18.07 8.51 1111.402 0.1168 99.99
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o w a v a
MaapdadsveIyndeyuNsIy 1/40

52

HALUTEULBUAAALTY RMS Y8eyunsisde 1/40

AINSI50U Ad AMLED AR ANAINNLSY ATATN
waRoller rig | nszAuHz) | (m/s) RMSvIg 6] RMSvnaead | Aawaie
(RPM) (9.81m/%) (9.81m/*) %
226 27 1.77 0.0029 0.0025 12.62
327 5.45 257 0.0051 0.0064 -26.65
430 TF 3.38 0:0079 0.01.1% -47.76
574 9.57 451 0.0133 0.0186 -40.03
711 11.85 5.58 0.0208 0.0257 -23.59
868 1447 . 6.82 0.0364 0.0281 22.73
970 1617 7.62 0.0599 0.0429 2843
1022 17.03 8.03 0.0867 0.0513 40.80

1053 .55 8.27 0.1150 NA NA
1187 19.78 9.32 0:8924 0.1248 86.02
1277 21.28 10.03 54.49630 0.1793 99.67
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91NA15T 4.5 4.6 LLas‘gUﬁ 4.20 , 4.21 WSy UMBUTEMININANARDILALNANIY
nuivesrmuisinniiaesidasaadsfunrminsedu yeeyndefiuungas 1/20 uax
1/40 awhlsiluusiazanuinsedu (Hz) wansvmpaeseedvunlfndudulilumaiontu
walummguine warrediiuipulanannssrinramsmaasastisduaganniilons
AuvesHavmapuiuAAUiIIngRvasnangud (5.85 m/s way 8.25 m/s ANdd)

mduiieliluTsuiiisunalddaiaumadideiudeniuTouiivunannaeslddedaninuga

INQRVeIN 7.52 m/s uaz 9.32 m/s AuEsu

1 o d 4 Gz L) 1 _ =y
4.3.4 wanmsfnwAdiudsluaunasnisindioun Miinadadinnmiaingd
4.3.4.1 NAVDIIAYATADANTIINAN
-] ﬂl 1 d @t L3 Ld 1 -
vn1snaaoalatuAsnavasynde iadnvinaudutugseninemuiiingauay

wravesyaae glnmudiSg Ul 4.22

mass of wheelset Vs. critical speed

critical speed (m/s)

mass of wheelset {(kg)

= wooa & ' d a v
gﬂ‘l’l % 22 ﬂﬁ']wLtﬁﬂﬂﬂ')’]uﬁuwuﬁig'ﬁiﬂ\1F]'J'HJLTT]ﬂf]G'ILLaSIJ'JEI‘UBG‘C‘lﬂaE]

< ' 72 - .
103U 4.22 Tunsunuarulasosriilafiedn creep force coefficients (f, fy) Tag
o ] a @ 1 8/ HI’ A 1
ATUINFUTNYDINSAURETENINRBUALTN (3, b) FawAaulunual Normal force (Fn)
L < E 19 - =l o o g as
saluaunisi 2.11 uag 2.22 suiuliinnavesypdeuazauifingedeuduiusiuuuy

v W - v oa = | v a a o i
WUSHANUNY ﬁaLﬂJaﬂJ’Jaﬂaﬁ’qﬂaaLWﬁJﬂJqﬂ‘ﬂu WENNa‘[wmqm%’nﬂqmumaﬂad LUDINNAT

al v v fw 1 q' At a [ k o
mussindius A isssurRdannsaesuemmguilain mn=J; e k

= 1 [ =
AB ATANLTIVDIEUTY ey m = 178
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4.3.4.2 navadluunegRanUEIINgR

o o

Mnsvnaeaddsumluusiaos afAnwiauduRusssrI1emnus)

]
=

- ¢ 2/ LA
Ingauazluwuiaey ayldmuduiusaagui 4.23

moment of inertia Vs. critical speed

critical speed (m/s)

0 S g

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07

moment of inertia (kem?)
J | ar " = L3 -J
U4 . 23 nlamsmmadius SR tn IS N Ates ey

o = v © ey Bl al A W fw
9INUN 4.23 svtilddnladmniletuaraius ngeiianuduius fuwuy
Y a 2 y o Aoy TE et ¢ ol 5 a
WUSHNAUNY 0150850 INR NRIALNUS Yo luyiiResiaying 1= me \ile m Ao
< w T v & o/ Y] v o o &
Wa way r A3l Wil A lisudiosiasaiaavulsaunss atuliie o iuannay

: v a =i il MR T v pel ;
gdwalviaaiTingeiimanay Salwnliedisiy sUnd 24

4.3.4.3 navesiAilldananl1usainga
-] 4 I ooar A =4 o at L3 1 -
nsvnastasuRindn e Anyiaredius e Ang LAz

ar ’ s g ar &
frilae Qulannuduiusnsgud 4:24

wheel rolling radius Vs. critical speed

critical speed (m/s)
r -9

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07

wheel rolling radius (m)

Uil 4. 25 nsmiuamsnnuduiussevinmusingauas Seiide

€ahl
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1NgUT 4.24 Azl SeiidowazanuiMHngafianuduiusiuuuuwysiunseiu

d e = Y Q’ 4:’1'! 1 v = 1 d“, v
Aawlaimildaiiunntu swdwmaldmuisingedamniunaluse

4.3.4.4 HavaInMULTEUS eI INgR

o = ! = o e e s ! =
insveaeUAsummNudals ednwiauduiusseninmnuiinganay

[
=

ANULTIaUse sElamuduRuSHsUT 4.25

Y

spring stiffness Vs. critical speed

critical speed (m/s)

0 500 1000 1500 2000 2500

spring stiffness (N/m)

d s ar L8 I - U -
3UN 4. 26 nsmluansnMuANiuGSSTriasen LTI ngRLazATRaTIudsRaUT
al o 0 £ a e - e @ W f
INFUN 4.25 azmulm'nmmm'mqmLLazm'mLmamaaaﬂsaummauwummuLLU'i
1% w o i - - - ' a - - w = i
NURSINY WaAAMNLTsaUSNIINTY mm’um%mnqmﬁquwumﬂ Wa9nAImILs)

- v oo fa < ad a aM v -:l = '
ﬂ-lF‘T_J’]llﬁllwu5ﬂ‘Uﬂ’]f’nqNﬂﬁﬁﬁﬂﬂ'}ﬂﬁQﬂqﬂfliﬂaﬁ‘UqEJVI'NVPQE{]IWTI (Dn=\/§ e k A ANAIU

o = & ) o vi o v o [YY) =
WI9UD9aUSY Wag m Ao WA ‘N’-\]BL‘HUIGHWLLNQIU&W]H’JMW&mm‘u EUW 4.27
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4.3.4.5 NavRITTEzRsaUTsanSIIngm

|
1

NIN15RaUdsuAISE o9 09aUse INaANBIAINFURUSTENI9

AILSTINgAUaL STy IevesEUse sxldmuduiusiegun 4.26

half-length of 2 springs Vs. critical speed

EN
o

w
o

critical speed (m/s)
—_ b
(=] o

0 0.1 0.2 03 0.4 0.5 0.6

half-length of 2 springs.(m)

o L ) - > ] =
JUN 4 28 nsmikansn UL S eI e TS A ngalas sE e uasa U

= L 9 i = - =i p Lar & oo
NNFUN 4,269l TIT2 09 WBNaUT AL A AN RRA M AR US ULy

o w = d] [ - é‘ 1 =)l [ =l 0 q: :'f".
WUIHUNSINU_ Aol T s ¥ ITadaUT U NI 'mmmﬁ’nnquazummm}u

4.3.4.6 nawaInnunisssalinan i ings
° «l ¥ (7 4 s i ¥
WININAasUdsuAIRILNI9TI9Sa LY 1aEs U T e L eTe e es o I
= o 2 ar’ o ] € -
wasdAUs A N5282 0,026 1wes EBANYIANANNUS TENINANIULTAINGAUATAIY

r o d
nies ol elaauduwug AIgUN 4,27

half-length of trackwidth Vs. critical speed

10

critical speed (m/s)

0 0.02 0.04 0.06 0.08 0.1 0.12

half-length of trackwidth (m)

U 4 . 29 nemluanannuduiusszninsmuisingauazauniesasaly
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A 1 1/ = = a o e
NNUN 4.27 aziulainmnunitwessesalwuasanusdngediannuduius iy

o o A o v & o g w & a & v
WUULUsAUASINY A Wemuninssalwanniu asilieusingaauniului

4.3.4.7 HAVDIYUNTILAORBAINSIINGA
o a ! b S o = L. g ! =
vinsvaaedsurgunsisde Wefinwimuduiussenineeuings

v e/ o L A
uazyunTIeaD wlannuduiusiagui 4.28

wheel tread angle Vs. critical speed
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5.1 umin
WelananimaassainnisveasanUisuiisuiuna Auiumimgul sauda

msfnwdmuusiinadonuiiingd iduasnsuisnulanaeifiaiudaznanily

unilswdtslymininiukastaiausuuglunsimurgavaasmold

5.2 agUunan1snnasy

1. awnsalivdnpaliediondmana Waunadginaassyadonaiiel (single
wheelset) dovun 110 viuassalna’dla Jetivrdodransuuaimisasde 1/20 uay 1/40

2. @i lusunTi GUL MATLABApwInansznugesdagauusluaunisnis
\nieuil ilinanoAamIAngaewsalnld lneiidrdimaa Artmansidas wavannsas
doflrnanagagyiliatAarmdingdiianiidu Tunasssetudianits praysa dasriidadua
Anszev e isnagIn N s TRl WA s AngRalA R Jugu

3, dmsisbuiissglwun sataTiouneade-1/20- g 1740 19 Fsdnvay

[

o4 B o ¥ o | X s \% S L il 3 Vo S
3R B UNLARYS (stabte motion) PNAYRVATINEI NN ITATAIULITITAGA UASNATAIINLGN

a al o = e Yk T i a 1
Ingiludnuuzmsieaeuatiosiantes (marginal stable motion) VOIYANAGBIITAUADY
7.52 m/s wag 9.32 m/senuaneu @mduiesidunnismutinussaanuga e 23.94% Taedl
AanusanAniafinsfwaumiwquifiian 585 m/s waz-8.27 m/s andadu (Aaidu
wWoslduan1siaguvasnmna. 6 41.37% ) daginiaasriuiianatals 28.55% uag
12.70% sudsuNTeL M A2LT IV gavIRao s TN A panIEAngR @nsaiiunis
\wdoufiliiiatios (unstable'motion) lragdnian Aunisussdiigunarsinidaosads
Y9IMWS ANTATvUTBUREM eassarliawn uiilalutag waties uasliates
] v i n‘; & a = ' a1 = i
ndpgvindy FailArmnuRanainluga 8 - 47 % wazasiidanuRanainuiniuiey o
4 a ol e " e P ¥ & w v A&
WeiiummaninngAiingiidhiiatios Wewinde dddluuszraslililivansaniindenia
° ; = o A M Vo & = Y o w o =
91894 (roller rig) Tuyaginisiuinmammguililaddfsfedinlumsindouivosyn

dosalvidlaiiudranusyingd

5.3 Jgymnannnisinen
1. msafsyavaaesiuldanunsaivusimsfineses g iilulunwniesnuuy

PWarnTusunsulursuiinmosnseniudivualaviaun 18991983 18AN1999979 way
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suUsgna vsgunuiidesnisiianaidnildldinsedolidulunmuiismualia 1/20
wag 1/40

2. avseiifimanuudadaifulunuiiivu denanonTAANTAEYBIYRABING
e Woauslimanuudsiinnifurmunasyildifungnssunisdulidaieu

3. msiindesdadairismaasiiay osindend nisnsenuiusening
wuSansdauardonasdians

4. mandemeiiistuuinudefanuesdouardondsians lnadlevhnismassd
AMIERNNNIIMIEAngeann q gadamanalnzionsasluiiognsgunss ufinns

1 4

nsgmuiussmindsluveuuiaedenasdontsdians
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A.2 N GUI Sutayauas AuimuAIANEIN1sAauAuDafinI1us)
A

function varargout = GUILateral(varargin)

% GUILATERAL MATLAB code for GUILateral.fig

% GUILATERAL, by itself, creates a new GUILATERAL or raises the existing

singleton®.

H = GUILATERAL returns the handle to a new GUILATERAL or the handle to
the existing singleton™.

s IRt ORT
e En

R EEERERERRERRERR R R &S

-
GUID .@;&. oy

‘gui_OutputFen', @

‘gui_LayoutFen', [, ..

‘qui_Callback', [);

if nargin && ischar(varargin{1))
gui_State.gui_Callback = str2funclvarargin{1});

end

if nargout

[varargout{1:nargout}] = gui_mainfcn(gui_State, varargin{:});
else

gui_mainfen(gui_State, varargin{:});

end




% End Initialization code - DO NOT EDIT

% --- Executes just before GUILateral is made visible.

function GUILateral_OpeningFcn(hObject, eventdata, handles, varargin)
% This function has no output args, see QutputFen.

% hObject handle to figure

% eventdata reserved - to be defined in a future version of MATLAB
% handles  structure with handles and user data (see GUIDATA)

% varargin - command line arguments to GUILateral (see VARARGIN)

% Choose default command line output for GUILateral
handles.output = hObject;

setappdata(0,'HandleMainGUI' hObject);

9% --- Outputs from this function are returned to the command line.
function varargout = GUILateral_OutputFen(hObject, eventdata, handles)
% varargout cell array for returning output args (see VARARGOUT);

% hObject  handle to figure

% eventdata reserved - to be defined in a future version of MATLAB

% handles  structure with handles and user data (see GUIDATA)

% Get default command line output from handles structure

varargout{1} = handles.output;

lnsallagnsdu Snneinudlvdeudasion uazdesdndaduiwenenarsynassniinisiluly
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function edit1_Callback(hObject, eventdata, handles)

% hObject handle to editl (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles  structure with handles and user data (see GUIDATA)

% Hints: get(hObject, String') returns contents of edit1 as text
% str2double(get(hObject,'String’)) returns contents of edit1 as a double

% --- Executes during object creation, after setting all properties.
function edit1_CreateFcn(hObject, eventdata, handles)
% hObject handle to edit1 (see GCBO)

% handles empty - handles not't

.: o] a-flture version.o ATIHAR

andl o?r@te until after all CgEchns c%lleq"\@a
LT A

e.a White backeround on Windows

% Hint: edit controls usually ha

% See ISPC and COMPUTER.

if ispc && isequal(get(hObject,'BackgroundColor), get(0, defaultUicontrolBackgroundColor’))
set(hObject,'BackgroundColor', white');

end

function edit3_Callback(hObject, eventdata, handles)
% hObject handle to edit3 (see GCBO)
% eventdata reserved - to be defined in a future version of MATLAB

% handles  structure with handles and user data (see GUIDATA)

% Hints: get(hObject,'String’) returns contents of edit3 as text
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% str2double(get(hObject,'String)) returns contents of edit3 as a double

% --- Executes during object creation, after setting all properties.
function edit3_CreateFcn(hObject, eventdata, handles)

% hObject handle to edit3 (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB

% handles empty - handles not created until after all CreateFcns called

% Hint: edit controls usually have a white background on Windows.

% See ISPC and COMPUTER.

if ispc && isequal(get(hObject, BackgroundColor’), get(0,'defaultUicontrolBackeroundColor'))
set(hObject, BackeroundColor', white');

0\

function edit5_Callback
% hObject handle to edit5 (s

% eventdata reserved - to be defined in a“future.version of A
% handles  structure with handles and user data (see GUIDATA)

% Hints: get(hObject,'String’) returns contents of edit5 as text
% str2double(get(hObject, String")) returns contents of edit5 as a double

9% -— Executes during object creation, after setting all properties.
function edit5_CreateFcn(hObject, eventdata, handles)

% hObject handle to edit5 (see GCBQ)

% eventdata reserved - to be defined in a future version of MATLAB

% handles empty - handles not created until after all CreateFcns called
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% Hint: edit controls usually have a white background on Windows.

% See ISPC and COMPUTER.

if ispc && isequal(get(hObject, BackgroundColor'), get(0,'defaultUicontrolBackeroundColor”)
set(hObject, BackgroundColor', white");

end

function edit6_Callback(hObject, eventdata, handles)

% hObject handle to edit5 (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)

% Hints: get(hObject,'String') returns conte
i .

T

180,

%
74

| = str2double(get(handles.editd,'string)); %% equilibrium spring length
lw = str2double(get(handles.edit5, 'string’)); %3 Moment of inertia of wheelset

d1 = str2double(get(handles.edité,'string)); %% half length of two spring

d0 = str2double(get(handles.edit7,'string)); %% track gauge

re = str2double(get(handles.edit8, 'string); %% wheel tread angle

fx = str2double(get(handles.edit9,'string")); %% longitudinal creep force coefficient

fy = str2double(get(handles.edit10,'string")); %% lateral creep force coefficient

10 = str2double(get(handles.edit11,'string)); %% centered wheel rolling radius

v = str2double(get(handles.edit12,'string)); %% input frequency ** Found critical speed
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%initial conditions
IC = (0.003,0,0,0];

%timespan

10=(:

tf =10;

tspan = [t0:0.001:tf];

%Numerical Integration

[t.s] = odedS(@lateralmatrix,tspan,IC);
y =s(,1%
yaw = s(,2);
ydot = s(;,3),

L\
il ||.|i.ri_‘v
o

(3
<
/o
>
L
‘r _l.'

ax2 = gca; % current axes
ax2.XColor = '[0.8500, 0.3250, 0.0980]';
ax2.YColor = '[0.8500, 0.3250, 0.0980]";

erid on

grid minor

%figure(3)

axes(handles.axes6);
plot(t,ydotdot, 'b-', LineWidth',1)
xlabel(time (s));

ylabel('Lateral Acceleration (m/sA2));

&I 1= d‘ ¥ o o k%4 d‘ = 1 :.II 1 ¥ o 2 & 2
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title('Lateral Acceleration Vs Time','Color',[0.8500, 0.3250, 0.0980]);
ax3 = gca; % current axes

ax3.XColor = [0.8500, 0.3250, 0.0980]";

ax3.YColor = '[0.8500, 0.3250, 0.0980];

grid on

grid minor

Y%fieure(d)

axes(handles.axes7);

plot(t{10:end) yawdotdot(10:end),'r-', LineWidth',1)
xlabel('time (s));

ylabel('Yaw acceleration (rad/s72));

if ispc && isequal(get(hObject, BackgroundCoterlget(0, defaultiicsrtrolBackeroundColor))
set{hObject, BackeroundColor', white");

end

function edit8_Callback(hObject, eventdata, handles)

% hObject handle to edit§ (see GCRO)

% eventdata reserved - to be defined in a future version of MATLAB

% handles  structure with handles and user data (see GUIDATA)

% Hints: get(hObject,'String') returns contents of edit8 as text
% str2double(get(hObject,'String) returns contents of edit8 as a double
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% --- Executes during object creation, after setting all properties.
function edit8_CreateFen(hObject, eventdata, handles)

% hObject handle to edit8 (see GCBQ)

% eventdata reserved - to be defined in a future version of MATLAB

% handles empty - handles not created until after all CreateFens called

% Hint: edit controls usually have a white background on Windows.

% See ISPC and COMPUTER,

if ispc && isequal(get(hObject,'BackgroundColor'), get(0, defaultUicontrolBackgroundColor’)
set(hObject, BackeroundColor','white'):

end

NI LTI gin‘

te backgrounc Vindow
e
)

o

% handles structure with handles and use

% Hints: get(hObject,'String') returns contents of edit10 as text
% str2zdouble(get(hObject, String)) returns contents of edit10 as a double

% -— Executes during object creation, after setting all properties.
function edit10_CreateFcn(hObject, eventdata, handles)

% hObject handle to edit10 (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB

% handles empty - handles not created until after all CreateFcns called
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% Hint: edit controls usually have a white background on Windows.

% See ISPC and COMPUTER.

if ispc && isequal(get(hObject, BackgroundColor’), get(0, defaultUicontrolBackgroundColor’)
set(hObject, BackgroundColor','white');

end

function edit11_Callback(hObject, eventdata, handles)

% hObject handle to edit11 (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles  structure with handles and user data (see GUIDATA)

% Hints: get(hObject,'String’) returns conten

retums contents of edltll as %ON@

Qa&’% a \:Q

etting al properties

function edit12_CreateFen(hObject, eventdate
% hObject handle to edit11 (see GCBO)
9% eventdata reserved - to be defined in a future version of MATLAB

% handles empty - handles not created until after all CreateFcns called

% Hint: edit controls usually have a white background on Windows.

% See ISPC and COMPUTER.

if ispc && isequal(get(hObject,'BackgroundColor'), get(0,'defaultUicontrolBackeraundCalor’)
set(hObject,'BackgroundColor','white');

end
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% - Executes on key press with focus on pushbutton1 and none of its controls.
function pushbuttonl_KeyPressFen(hObject, eventdata, handles)

% hObject handle to pushbuttoni (see GCBO)

% eventdata structure with the following fields (see MATLAB.ULCONTROL.UICONTROL)
% Key: name of the key that was pressed, in lower case

% Character: character interpretation of the key(s) that was pressed

9% Modifier: name(s) of the modifier key(s) (i.e., control, shift) pressed

% handles  structure with handles and user data (see GUIDATA)

% - Executes on key press with focus on editl and none of its controls.
function editl_KeyPressFen(hObject, eventdata, handles)
% hObject handle to editl (see GCBO!

|IHIi
ts'\q
s hey'ﬁ t“o"’i ;

e _,I ‘y
resch
edrtz (see

% Modifier: namel(s) of
% handles structure with hanelle
keyPressed = eventdataKey;

if strempitkeyPressed, return’)
% set focus to the button

uicontrol(handles.edit3);

% call the callback

edit2_Callback(handles.edit2,[],handles);
elseif strempi(keyPressed,'space’)

% set focus to the button

uicontrol(handles.edit1);
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end

% --- Executes on key press with focus on edit3 and none of its controls.

function edit3_KeyPressFcn(hObject, eventdata, handles)

% hObject handle to edit3 (see GCBO)

% eventdata structure with the following fields (see MATLAB.UL.CONTROL.UICONTROL)
% Key: name of the key that was pressed, in lower case

% Character: character interpretation of the key(s) that was pressed

% Modifier: name(s) of the modifier key(s) (i.e., control, shift) pressed

% handles structure with handles and user data (see GUIDATA)

keyPressed = eventdata.Key;

if strempilkeyPressed, return’
9% set focus to the butt

% set focus to the button
uicontrolthandles.edit5);

% call the callback

editd_Callback(handles.editd,[],handles);
elseif strcmpilkeyPressed,'space’)

% set focus to the button

uicontrol(handles.edit3);

end

% --- Executes on key press with focus on edit5 and none of its controls.

function edit5_KeyPressFcn(hObject, eventdata, handles)

44
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% hObject handle to edit5 (see GCBO)

% eventdata structure with the following fields (see MATLAB.UL.CONTROL,UICONTROL)
% Key: name of the key that was pressed, in lower case

% Character: character interpretation of the key(s) that was pressed

% Modifier: namel(s) of the modifier key(s) (i.e., control, shift) pressed

% handles  structure with handles and user data (see GUIDATA)

keyPressed = eventdata.Key;

if strempilkeyPressed, return')
% set focus to the button
uicontrol(handles.edit6);

% call the callback

elseif strempilkeyPressed,'space’)
% set focus to the button
uicontrol(handles.edit5);

end

% --- Executes on key press with focus on edit7 and none of its controls.

function edit7?_KeyPressFen(hObject, eventdata, handles)

% hObject handle to edit7 (see GCBO)

% eventdata structure with the following fields (see MATLAB.UI.CONTROL.UICONTROL)
% Key: name of the key that was pressed, in lower case

% Character: character interpretation of the key(s) that was pressed
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% Modifier: name(s) of the modifier key(s) (i.e., control, shift) pressed
% handles  structure with handles and user data (see GUIDATA)

keyPressed = eventdata.Key;

if strempilkeyPressed, 'return’)
% set focus to the button

uicontrol(handles.edit8);

% call the callback
edit?_Callback(handles.edit7,[],handles);
elseif strempilkeyPressed,'space’)
% set focus to the button
uicontrol(handles.edit6);

end

% --- Executes on key press with focus on edit? and none of its controls.

function edit9_KeyPressFen{hObject, eventdata, handles)

% hObject handle to edit9 (see GCBO)

% eventdata structure with the following fields (see MATLAB.UL.CONTROL.UICONTROL)
% Key: name of the key that was pressed, in lower case

% Character: character interpretation of the key(s) that was pressed

% Modifier: namel(s) of the modifier key(s) (i.e.,, control, shift) pressed

% handles  structure with handles and user data (see GUIDATA)

keyPressed = eventdata.Key;

44
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if strempikeyPressed,'return’)
% set focus to the button

uicontrol(handles.edit10);

% call the callback
edit9_Callback(handles.edit9,[],handles);
elseif strempilkeyPressed,'space’)
% set focus to the button
uicontrol(handles.edit8);
end

% --- Executes on key press with focus on eg
function edit10_KeyPressFen(hObject, e ata, handles)

‘.\
o

ira #th the following fiel
keythau;hsz_% .

2
Ju
s _. : . ?:us. on editl1 and nonegvfnts con%’olsa@a

. g oy 5 b

% eventdata structure with the following fi
% Key: name of the key that was pressed, in lower case

% Character: character interpretation of the key(s) that was pressed
% Modifier: name(s) of the modifier key(s) (i.e., control, shift) pressed
% handles  structure with handles and user data (see GUIDATA)

ROL.UICONTROL)

keyPressed = eventdata.Key;

if strempi(keyPressed, return’)
% set focus to the button
uicontrol(handles.edit12);

&I 1= d‘ ¥ o o k%4 d‘ = 1 :.II 1 ¥ o 2 & 2
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% call the callback

edit11_Callback(handles.edit11,[],handles);
elseif strempi(keyPressed,'space’)

% set focus to the button

uicontrol(handles.edit10);

end

% --- Executes on key press with focus on edit12 and none of its controls.

function edit12_KeyPressFcn(hObject, eventdata, handles)

% hObject handle to edit12 (see GCBO)

% eventdata structure with the following fields (see MATLAB.ULCONTROL.UICONTROL)
% Key: name of the key that was pressed, i i

v
I

I
i
IS
]

% handles  structure witl
set(handles.edit1,'String',");
set(handles.edit2,'String’,");
set(handles.edit3,'String "),
set(handles.editd, String,");
set(handles.edit5,'String',");
set(handles.edit6,'String',");
set(handles.edit7,'String',");
set(handles.edit8, 'String',");
set(handles.edit9,'String',");
set(handles.edit10,String’,");
set(handles.edit11,'String',");
set(handles.edit12,'String',");

&I 1= d‘ ¥ o o k%4 d‘ = 1 :.II 1 ¥ o 2 & 2
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clalhandles.axesd);
clalhandles.axes5);
cla(handles.axes6);

cla(handles.axesT);

% --- Executes on button press in pushbutton3.

function pushbutton3_Callback(hObject, eventdata, handles)

% hObject  handle to pushbutton3 (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles  structure with handles and user data (see GUIDATA)

% — Executes on button press in pushbuttond

: (e CBO |
% eventdata resepve in afuture\vet
% handles struct i _ S}\

S

shbuttons, Callback(hObject, €
[l
handle to pushbutton5 (see

- B

anc strugtt .‘m and-User data ““’Fl
I ‘ VA o oW
me s chL etlha c-- Hing 2755

te(
(J

AROLeS. BOItL, SN,

SN
N2

‘* '.-.-J; 8)) Ao
les.edit10; ‘

T ST
3 & ¥

Wa

s

e _lu ra@
a A

function popupmenu_CreateFenthObjeet,.eventdata, handles)

% hObject handle to popupmenu (see
% eventdata reserved - to be defined in a future version of MATLAB
% handles empty - handles not created until after all CreateFcns called

% Hint: popupmenu controls usually have a white backeround on Windows.

% See ISPC and COMPUTER.

if ispc && isequal(get(hObject, BackeroundColor’), get(0, defaultUicontrolBackgroundColer')
set(hObject, BackeroundColor','white');

end

% --- Executes on button press in pushbuttoné.

25
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function pushbuttoné_Callback(hObject, eventdata, handles)

% hObject handle to pushbuttoné (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB

% handles  structure with handles and user data (see GUIDATA)

global t y yaw yawdotdot ydotdot

globalmk 0 lIwdl dOrefxfyrOv

[FileName,PathName] = uiputfile(* xlsx','Save file',");

fname = fullfile(PathName, FileName);

col_headerl={'time','Lateral Displacement’,'Yaw Displacement','Lateral Acceleration','Yaw Acceleration'};
xlswrite(fname, col_header1,'sheet1','A1;

xlswritelfname, [t{:) y(:),yaw(:),ydotdot(:),yawdotdot(:)]. sheetl','A2");

col_header2={'mass’,wheel tread angl

xlswrite{fname,col_header2,'she

&

4,
i

I

2
o
%4

9% handles it d? and user data (see GUIDATA) ¥

LT B

9% Hints: get(hObject,'String') retums Contents of edit8 as text

% - Executes during object creation, after setting all properties.
function edit13_CreateFcn(hObject, eventdata, handles)

% hObject handle to edit8 (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB

% handles empty - handles not created until after all CreateFens called

% Hint: edit controls usually have a white backeround on Windows.
% See ISPC and COMPUTER.
if ispc && isequal(get(hObject, BackgroundColor"), get(0,'defaultUicontrolBackgroundColor’))
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set(hObject, BackgroundColor', white');
end
% --- Executes on button press in pushbutton8.
function pushbutton8_Callback(hObject, eventdata, handles)
% hObject handle to pushbutton8 (see GCBO)
% eventdata reserved - to be defined in a future version of MATLAB
% handles  structure with handles and user data (see GUIDATA)
m = str2double(set(handles.edit1,'string',2.755)); %% mass of wheelset
k = str2zdouble(set(handles.edit2,'string',1913)); %% spring stiffness ( 2 springs )
10 = str2double(set(handles.edit3, 'string’,0.035)); %% spring length
| = str2double(setihandles.editd, 'string',0.03513)) %% equilibrium sprine length
Iw = str2double(set{handles.edit5, 'string',0,01932 inertia of wheelset

dl = str2doublelset(handles.edité;'string 0r101)); eng
‘ 7 ')' 0404 tracil

wnanstiluenarsianulidmsunisidnuiiensdnwvingu bieugelnihl g ussTevdiunisd
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9 X d‘ =i
A.3 atiWQﬂqjuauﬂqiﬂqiLﬂaﬂum

function sdot = lateralmatrix(t,s)
global mk L0l Iwdl dOrefxfyrOv

%mass matrix

M =[m, 0; O, Iw];

%damping matrix

&I 1= d‘ ¥ o o k%4 d‘ = 1 :.II 1 ¥ o 2 & 2
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A.4 a1eilardufIam O war 0,

global m k 10 LIw dl dOre fx fy rO v

m = str2double(get(handles.edit1,'string")); %% mass of wheelset

k = str2double(get(handles.edit2,'string"); %% spring stiffness ( 2 springs )

(0 = str2double(get(handles.edit3,'string')); %% spring length

| = str2double(get(handles.editd,'string)); %% equilibrium spring length

Iw = str2double(get(handles.edit5,'string’)); %% Moment of inertia of wheelset

d1 = str2double(get(handles.edit6,string)); %% half length of two spring

> goefficient

ne radius

ind critical

LA
\J L \J -
et arar . T
| <v5 E’E»:*.Cg" B

A,

%stiffness matr A

a @ r\\,Q
e o0, P R SRR

% compute the state matrix
n=2

A=[zeros(n) eye(n); -M\K -M\C]
[V,D]=eig(A)

% compute the real and imaginary parts
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ReD=(D+D")/2;
ImD=(D'-D)*i/2;
W=sqrt(ReDA2+ImDA2)
Zeta=(-ReD/W);

Wd= W*(sgrt(1-(Zeta’2)))

W1=W(1,1)
W2=W(3,3)
Wwd1=wd(1,1)
wd2=Wd(3,3)
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clear all;

%%% Input section

Ew = 207e9; %% Young's moulus(wheel),N/mA2
Er = 207e9; %% Young's modulus(rail)N/mA
nuw = 0.29; %% P n's*Fatio wheel)

| B Ry i

%Rl rZﬁ@. Yol engj '"

{
00; %%.-T I’; ers |

N
%% Ye \m'an fion &
t‘l

tion‘sectio

K1 = (I
K2 = (1 - Aume /@*g})
K3 = ((1/R1w)+L/! )ﬁa&@%j( i’RZr W2 \;a
cl = (1/R1w)-(1/R2w))
c2 = ((1/R1n<(1/R2r));
€3 = c1A2+c2/2+2%c1*c2*cos(2*Si);

Kd = sqrt(c3)/2

theta = acos(K4/K3)

A B = (K3-Ka)/(K3+Ka);

%Beta = (A B - 0.4903)*0.3215 - 0.3322)/(0.7041-0.4903) + 0.3322;
Am = -1.086419052477,

Bm =-0.106496432832;

A,
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Cm = 1.350000000000;
Dm = 1.057885958251;
An = -0.773444080706;
Bn = 0.256695354565;
Cn = 0.200000000000;
Dn = -0.280958376499;
m = Am*tan(theta - pi/2) + Bm/(thetaACm) + Dm
= 1/(An*tan(theta - pi/2)+1) + Bn*(theta”Cn) + Dn*sin(theta)

c11=4.6280;
c22=4.1819,

G=79.3e9; %modulus of rigidity
%for conicity= 1/40
f114=a40*b40*G*c22  %fl1=fy
f334=a40*b40*G*cll  %f33=fx
f114s=f114*(1/(10/(8/3)))
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3345=f334*(1/(107(8/3)))

% % %for conicity= 1/20
f112=a20*b20*G*c22 %f11=fy
f332=a20*b20*G*c11 9%f33=fx
f112s=f112%(1/(10/(8/3)))
3325=f332*(1/(10/\(8/3)))

% % %for conicity= 1/10
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