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Basic Study of Vehicle Parameter Design Based on Nonlinear Bifurcation Analysis of
Hunting Motion of a Wheelset
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This paper deals with a parameter design for a nonlinear hunting motion of a railway wheelset. If a railway vehicle runs
under a critical speed, a hunting motion might occur by an effect of a nonlinearity of a hunting motion. In order to remove a
factor for hunting motion under a critical speed, a nonlinear analysis of a hunting motion was carried out. In order to analyze a
nonlinear hunting motion, equations of motion with third-order polynomial approximation based on a single axle truck was
used. A center manifold theory was applied to the equations of motion and equations of motion of a normal form were derived.
An equation of a limit cycle amplitude was obtained using the equations of motion of the normal form. By using the equation
of a limit cycle amplitude, a relationship between an amplitude of a limit cycle and vehicle parameters were considered.

Key Words : Railway Vehicle, Hunting Motion, Nonlinear Vibration, Bifurcation Analysis, Parameter Design

1 #

BRIE L S HEA OIRBIREICIE TEIAY 5 2O, M TENCBIT 2AFZEIT R <IThn TV 00, Zn b DfERNA
HRFHIAWON TN D, ZH b OREDZ < ITHIELH#PHICIRIE U, 2B Az i LIe b D TH 5.
LU, #Ee&iHoER) HREIC K 015 O MBI TR 1S, SEEROWE I TEN RS AME & 132035 5 Z &M
BRI TV, ZnERT 572012, 7V =T TIOIERIENEE ZIE LT B Thil T\ 5000, —J5, %
DM DI & E B LR BTN TR Y, IHE T TEI OIS 25658 & LIEENMThb TV 5
(NEON10A12)

YRR O S TRD EEREICB T DM TEICIE, &Ry TN AT 5 2 b TS, BB TEIR S EE
BT DD 2 A 71X, B DT A—2 280 BEERR v 755 & BEERER » 70 2 D1I253F b
%, CHRAL)(12)7% EDRFZETIE, Rt 3T A =22 X o THEERS v 705k (K1) & RS > 74550 (K
1 (b)) THOWIEENELT D Z ERWEIN TS, HEERR v 7o OB, M TEIRR S AR T b I
ITEMRIBMEIEAES D70, WUEANELIND D Z 21T X - THATEINS AT A FTREMED N H 5 (K2). Z O#LEM
O AIUL, BEEEHRAR v TR E T DERENT A—2 L0 BEERER » T T ARG N T A — 2 2 H
WHZENHFE LY. ZOL D RBUSNG, [RIEEEER O 7B Z BV TSCERA3) T, [FIHSEE DORRET X T A — 2 %
FHET 5 Z LT, MRS v T BRI v TS B K O ICEGHT A FESRE STV S,

R TIE, BFNTA—F 2T D L2 X o T, TENCRBWCTHER RS v 70 OFFEN ED X 9 124
ET 200535, £F, —HBEEZRGIC U OB A & TER RO E FHv, RIOSEREEERIC LY,
D153 % i R D 2B 2 F — ROIIARR AL T2 O, YrIZ HRUL AR BRGR & FIV O T2 FERR I A 25
WZRY, IEEG A SR DEEER O T RRAA B 9 500, = OFEER OZ 40 b L E RS T4
THVIy MATZABEOKRE ZITLY, BEOFRFH T A —ZDOEBERFZ2IT o720 THET 5.

TIER, HAKRTFHEITAAE (T101-8308  HURUAR T H XA B 1-8-14)
E-mail of corresponding author: aki@mech.cst.nihon-u.ac.jp

[No.16-36 1EAHMFS 5 25 A E - MRBAKRE FHERXE[2016-11.30~12.2.FK]



N
1 z
il T 2
Vv “““”“”““”—[;
(8) HEEGFRAS > 7535 (b) HRERSA > 75yl

1 Ay 755k

Amplitude of limit cycle

X2 fEBREEARR ST D IMLIC L DI TEI DR

2. WITEMBRTETIL

2-1 1HMEEDERAREX
BITRT LB HEEF LAV THRHEZITS .

k_vkx ‘} v

Z OEMET L OER) SRR
A2y 2, ) a o or s A en . .
m de " \722 d%/ * 2ky -2 fZZW + ayyyyg +ayyu/yzl// * aywywz * (wal//3 =0
A . @)
2 A2 A
I (jjfl/z/ n 2aAf11 ddlt/}:\/ n 2f1ia50 y+2ka2!//+ﬂyyyy3 +'Byyu/92(//+ﬂyw//yw2 +ﬂ,/,,/,,/,'//3 -0
v fy

I SCHR(10)(15) Ths S 7= 1B H R A g L L2 & O C, IEEEIISTIR@) ORENTZHDEHAVW-. 22T
KFBD LTy M OW YRR RTETH D 2 L &R, N ITREORR, |3y SiciEd 2T — 2
V%,ﬂlkﬂﬂina@ﬁU—f%ﬁ,Qﬁﬁﬁ¥ﬁ55ﬂﬂ%ﬁ@ﬁ,éﬁﬂ%@ﬂZ@ﬁ%,ﬁ@ﬁ%ﬁ
REHED U2 OFEE K, & K, HEEHERRECh S, /5T 2 — 2 Ol



M =1612kg, | =88lkgm?, f, = 0.46m, &, = 0.13,

24=1.435m, 2L =2.0m, k, =k, =1.2MN/m, f, =13.7MN, f,, =11.IMN
e FN, ST DRI s By By s s By s By s By By 1 BETTBIRIHIELL 100 8> 2 1 E
CHEATINRIEA SRS DR & — 5095 & 5 It Lz, b,
W OIEBIVMNT 21T 5 720012, R OMEB HRk A UL T 5. RS 4 4, HUEm4f,, W%
R, [ EROBA ARG, 20T hd, =1L705 &5 IciET 5 &

A A A ~ N A ~ 1 A A A
t=tyt, y=4ay, o=o40, Iy =—, V=awy,Vv )
Wy

DOEEPEOND. LTedy > THER UE L7 Es) iR

2 ¢ A ¢ 5 42 5 A 5 5
d y+ 21, lﬂ_'_ 2k, y— 21y, l//+ayyya y3+awwayzw+ayw yw?+ %yyy W =0
dt*  mae; vdt mal Mad; M@ M2 MN&2 NAD. )
2 AF £ A2 S 2 3 43 3 42 3 4 3
d ‘//+2af111dl//+2f11a 50 +2ka +13ywa 3+ﬁwwa 2 + ywwa 2+ﬂww 3_0
a @l vdt | e 0 del L el 0 el e Y e VT
Wy 0Py Wy oN Wy st Dy

L7, VBT, 2HOBEMMOIE Ry hERnTET.

3. SEATENDIERTS IR

3-1 HDBKRETEEICLHERTIEE

EE R A RIEZERE T A CHRT. Fflr A D O MR TN & MEROTHEE & AV, RERNY LR
X=ly v y v £92. BH%E AX, FEBHEN 35 L, RiEHRUT

X =AX+N(X,e) @)
i 2K | [ 4.8 . 4.4 é 3 |
T B e R B v v (a1
st (2% maawy st st WO mawy
Af PN e ; 2 A3 2 A2 A4 A
Pl o Al 2hds ALY A Bt Budy s Bl
y &% v If&2 1o |Y &2 1&2 1@ &2
74 1 0 0 0 1% 0
0 1 0 0 | | 0 |

LEREh5.

A DEA DL AN DR & & OBIEAE M TRIRIEEV, L T5. OV, OIS ThHS. I
BRIV, /b OMIEL % £ &5 L, EFFHE VI

v=v (l+¢) ©)
EELZENTED. ZhEXGIAL, BIBHELE IEEHEE 3 Cidik 425 &
X=AX+N'(X,¢) (M
. — 2]ezz i 0 _ 2|2y 2fAzz i 2f228 '_dwyéz :%_"%yyu/?1 yzl//_dyw )’V/Z— dwu/w '//3
¥ MadZ v, Mol  maal | V| | mddlv(l+e)’ Mol na? Mma2 Mmad?
W = 0 — %éﬂl 1 - 2 f:“ézéo — 2[2*':2 4 +| = Zéfug - 'Byyyé3 3 ﬁyywéz YZW _ ﬂywé y‘//z _ Pyyy 1//3 (8)
y i@? v, A% o2 |Y| | [@2v,0+e) @2 i? io? io?
v 1 0 0 0 |y 0
0 1 0 0 0

s,



DI, LUT DR

X
I

PZ

q=[0, 0, 4 ql
Thod. ZhzBEnicE L
y =R + P,0, + Pya; + R0,
@ = Py + Py, + Pyt + Pyyq,
Y = Pyt + Py0, + Py + P, 0,

¢7 = P41q1 + P42q2 + P43q3 + P44q4
Thb.
K@) kv, REIFKDL T
Pg=APq+N'(q,¢)
LHERBEIND. ROWHIENL P 20T 5 L
g=P'APq+P'N'(q,s)
=PA'Pq+N"(q,¢)
rrn. 2z, N'(qe)=[N7 N7 NI NIJ e95e,
NI RS R Ret RSNG| RINDHRSN;
)= 2 | Pi Pz Pa Pu | No|_[PaN+PN;
Ng Pi P2 P PN Pi'N;+ PN,
N, P, P, P; P.I|N, PN, +P,'N
DEHICRBEEND.
WE, BEOEE) e 2REREL L, ¢=02FBRRITmMz5 &

e e

g5, ZZT
A A 0 0]
PflA!P — _Zli ﬂll‘ O O
O 0 ﬂ”2r ﬂ?i
L 0 0 _ﬂ’zi X’Zr

Thb. BB, WEGEECBOT Y, =0 ThEDT

0 4 0 0
4, 0 0 0
0 0 4, A

L 0 0 _ﬂ”zi ﬂ'Zr_

PAP =

Thd. IhaBHT5L,

©)

(10)

(1)

(12)

(13)

(14)

(15)

(16)

a7)



_Ch_ I A, + NY

Q2 _j‘liql-i_ Ng

Gs |=| Aarls+ Al + Ng (18)
Q4 _ﬂsiq3+ﬂsrq4+ NZ

_é_ L 0 .

L7,
O, O, REERDZEN, O, Oy & IEHDENERCTH 2720, Uy, 0, 10y, Uy 8 T2 2 B DDA
THRENDRT, BFOLS T

0; = }(1200(:112 + X110y + X11000i€ + Zlozoqzz + Yio11d€ + ;(100282 N } -
Ui = X0 + Zo110%h0s + Zo100h€ + Xo02095 + Xoo110o€ + Xoop€” +
LB D, RO)EMIHST D &
. 09,. O0Q,. OQ,.
0s :a_gsql +8_33q2 +%8
l 2 (20)

aq, . , 04 . Q.
=g+, + 4
oq, " aq, e ¢

CE fcﬁé iﬁ:(:I-8)<1:it(20)0) q31q4 é)% L/< E%, q11q2v5 czfﬂlg—aqé/\%'f;ﬁiké’tt$§—§qé \l é_’_ T, {%‘i&ZIZOO'lelO’. o
DRED. ZNERANAAT D T, FLEEENRED.
HRAEBINT O, 0y, € D25 78 DARIK T b S A7 EE=) Rl
G4, = A0, + N1" }
d, =-A;th + N;

s

(21)
LB,

3-2 REBERICKSIERBEDERE
AERYOEB G LT, FHEPER 2 MO IR i, £, XQ)2xdAtT 5. q.,0,

LT O X O IR EW 5.
1 1|r
i ]
0z U )
Zolx, XKeDIFkAXD XS

d|n 14 0 n N1"(r1' rz’g)
Bl = ) + (23)
dt|r, 0 —ii|r| |NJr,r,e)

ExtibEns.

ZIT, S.,S, £ S 21k E 3R B A BRI N, N, Z AV CIEMR A
=S+ hl(51! 52,5) =5+ 1H1200512 + 10130818, +-+- 1“100333 } (24)
=5+ hZ(Sl’ S2’5) =85, + r2200512 + 1501088, +-- + rzoosg3

TV, R ERRD L 5 12

I I |



2 3
nl(sl’ Sy 5) = KigoS T K11108S, -+ Kygps€ (26)
2 3
n, (31' Sy 8) = K0Sy T K1109,S; T+ Kyppe€
Thb.
TE LTI N, N, 23072 722 19 7o E B ala R0 5. £7, IR PEAT A #(24) & REH Sy 3
5HE

o oh
din| d|s os, 0s, | d|S
=== — 27
dt{rj oltL,jJr oh, oh, | dt|s, 0
3s, s,

L7 RERNICK@5)ZRA L TEHES S &,

i I _ I 0 __51 N nl(sl’SZ'g)
dt|r, 0 —id|s,| [n,(s,8,€)
oh oh | (28)
0s, 05, 14 0 Sy n (51’ Sz 5)
+ _ +
a_hZ % 0 -4 s, nz(sl,sz,g)
0s, 0s, |
LERIND.
—J7, R(RNTEFEEHK(24) 2 RAT D &
i h _ 14 0 51+h1(51’32"9) + N1”(r1’r215) (29)
dt|r, 0 —id | s, +h(s,s,¢)| | Nir,1,,¢)
L5,

22T, K28 EH(Q)EFEL, S,S,, S ICHTOIENERHAE T L2 LT, k& 2T 5. 7272
L, 4R EOHEIIMHAL TEZD.
I o DREERQYTRAT HZ LT, HEAITEERIT

. 2
S = 1AyS; + Ky1nSi€ + K1p1081 S, } 30)
. . 2
Sy = —1Ay8; + K011 50€ + K108,
EFRBEND. _ _
S5ITS,, S, amrEEirs, =re’ s, =re™"’ c&I L, RE)E
< eail e if i raif i0 3410
§ =re'” +iree" =iA;re' + K, &€ + Kyl e’ a

. 2a—if i Aa-if : -6 -i6 3,-i6
§,=rfe" —irée™" =—iA,re™" + kg &€ + KypS,re”

LD, WUEEZEZBLET HBRTIES &S, DO BRFIETFERANULL WO TREBLYD S, DARIZEH L, ZiadEm
LRI B L

; 3
F'=Kyp01080 + KipgorF } 32)

. 2

0 = Ay + Ky € + Kippoil
LB T2, Ky = Kporr VK0 Koo = Kigtor +1Kp10i £ 55 REIIZNENY 2 v MFA 24D
PRI & NAHDOIERI b A2 E L THY, REEEr=04+%2bb

3

0= Kpy00, & + Kypgo, ¥ (33)



EIZTCH S, AWML =012z, L—b /Bl B S 2 A0 ) DR 80T L 0 EA MR A L,
IR

Kiim
r=|-——+¢ (34)
Kio10r

L%,

3. fRITHER

K34 ZHWVTERGF T A —F 2L SH T8 O TEIRIE &2 a3 5. (B4 L0, WEfTEiRiEr,
DIFAET D131 WEETH D E X DHRTHDLDT, Ko/ Kigror > 078 DIET, BFH L2 2DI1Te<0D
KECH Y, ZIUTHEERA Y 7R THD. —7, Kyg, /Ko <O072DIE BFEHERDDITe >0 D
THY, ZHIBHERE Y 7 TH S, BEOLFHTRMIMEE 1x10°N/m 2>51x10° £ TEbSE7- &
= ORATERRIEZ X 4 10759, ZOfEL Y, 1x10°N/m 725 1x10° N/m £ &L ST b TEIER %
HWEAE e <0 DL ZNZOHRAEL, ZIUTHEERA Y 7 THH 2 EE2R LTS, 2O b, KFf
XAl 2 28 ST RR S B TR BR AU B 1 348 b U C b BER AR > 7l s S BER LR > T 28
THZ LT bbb,

Amplitude rf [-]

4 SCRHTRRWE &R & RO IR

[

A TIL, BFHRTA—FERET D L2k > T, MATENCR W CHEERER v 70 ORHEN ED X 912k
{EF 205t L. £7, —filBa# A% 8IC U CORREZ @R X E v, PLSRERERRIC LY, /)
2 ST S DA BT 5 B — RORURKTAL LT, RIS SAEERR G 2 F O - JER T R e A L 0
MBI % LT HAEMEIE Oy HRERAEH L, U Ry A 7 VHGEOTR A S L. ZOfER, i
(XM 2 25 0 S H 7 R R TEBR A 1328 L C O MR » 70 BIBEE SRR » 7B b5
Lz ERbho Tz,

ABFFETA— b L—ADHE) (28—154) %52 THME L £ L7z

XX 3
(1) BAEESS, “SREEEOX AT I 7 R KHOBET 7 /) uao—", BREHIES (1994).



@)

©)

(6)

@)

®)

©)

(10)

(11)

(12)

13)

(14)

(15)

Matsudaira, T., Matsui, N., Arai, S. and Yokose, K., “Problems on Hunting of Railway Vehicle on Test Stand”, Transactions
of ASME, Journal of Engineering for Industry, Vol.91, No.3 (1969), pp.879-885.

Wickens, A.H., “The dynamic stability of railway vehicle wheelsets and bogies having profiled wheels”, International
Journal of Solids and Structures, Vol.1, No.3 (1965), pp.319-341.

WA RSB, 1WA =3, “BEREICKITT 7 U —7JI3ERERMEORE", AW CE C o,
\ol.52,No.473 (1986), pp.302-309.

B wem], TR e, S RER, 7 U —7 ) OIMIERE R B Lo B A TENC BT 5 AR B 5,
H AR 22350 SCFE C #, Wol.51, No.466 (1985), pp.1198-1208.

REME ], 08 R, MK HLEE, S 1B, “Krylov-Bogoliubov %% 3 A L 72 3EUE 721 T80 —fiRis”, A
KR 250 SCHE C i, Wol.56, No.531 (1990), pp.2893-2898.

Yabuno, H., Okamoto, T. and Aoshima, N., “Effect of Lateral Linear Stiffness on Nonlinear Characteristics of Hunting
Motion of a Railway Wheelset”, Meccanica, Vol. 37, No. 6 (2002), pp. 555-568

G. Lorant, G. and Stepan, G., “The Role of Non-Linearities in the Dynamics of a Single Railway Wheelset”, Machine
Vibration, Vol. 5 (1996), pp.18-26

Froment, O., Aubry, D. and Castel, L., “Analysis of the Stability of Nonlinear Railways Dynamics”, Computational
Mechanics (1998), pp.1-9.

Wagner, U., “Nonlinear dynamic behaviour of a railway wheelset”, Vehicle System Dynamics, Vol. 47, No. 5 (2009),
pp.627-640.

Polach, O. and Kaiser, I., “Comparison of Methods Analyzing Bifurcation and Hunting of Complex Rail Vehicle Models”,
Transactions of the ASME, Journal of Computational and Nonlinear Dynamics, Vol.7 (2012), pp.041005-1 - 041005-8.
Wu, X and Chi, M., “Parameters Study of Hopf Bifurcation in Railway Vehicle System”, Transactions of ASME, Journal
of Computational and Nonlinear Dynamics, Vol.10, No.3 (2015), pp.031012-1 — 031012-10.

InEFR L, HERGS, “UEAT O 72D OF IS G RIEE W e Py — Vil - v — 2RO E”,
the 16th SICE System Integration Division Annual Conference (2015).

BRI 15T, L0 D ORI VAT LOXAF I 7 A ELL ERET 5720127, A=A
1, (2004).

Popp, K., “Parametric Excitation of a Wheelset”, ZAMM Z. angew. Math. Mech., Vol. 77, (1997), pp. 269-270.



