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Fig. 1 Model of a two — axle railway bogie system

HARGEWREFEN Y = {50 Vs s
lbu-z ’Yt’lﬁ[’d.)t’ywl 7yw27¢u'l a‘//wz 5ym¢1’qb1 } ,Ulljf‘%[nﬁ
BRGNS ) )BT A 45 R an R IR B R
W TR RS

dy _
dl _f<y7v) (7)

X Ve RTERGMSH, AL B 281877
L S AR GUARZS ) R AL

2 MNHRENRE‘GRSEE"RE

2.1 WHRESDTHEX

BB I ) 4 3 495 vh A L S RN BEL 2 2 X6
PR FAR B, DA SF LR X FRAE e PR R L
il 77, M ARG E T AR B HE FisfTeT,
ARG ST T HUE TP ORI RRAY. FE BLE O
L IITAE AR 2 RS H %, B e AT LA SUi%
48 RG2S (8] R

R" ={ylyeR"| (8)

BB RGr AT R A A, i — 1 Poin-

care TS FRAECTET 73 31 ¥4 36 A L 114 73 22 14
KU RGN F1 2247 N 73 B A Poincare E I
SE SO 1) SRR R i) 8 R 2 i (82 A A B )
AR W

II, ={yeR"1y,=0,y,=0| (9)
SRl 2 R H R — SRR AR
R:yl—>—-y (10)

WRAE ER7 e T RGO RS2 A Z R, PR
RXFFRAARAR , X8 R T 40 R GE R X FRis Bl s [z
WFR A A XS RS , R T 4250 R GE A X RR 12
fj][]”_

H 73 HT R, 5 Poincare #(1H 11, 5 THiE
ODERIRAFAE T — X FR Y Poincare AT, 45 H e X
gk 1) B B 1) R O % ] v B AR L AR
7in)

II, = {yeR"1y,=0,y,<0|
“ERTEE"RE
AL M B R G EAAERFRIZ S B, W

(11)
2.2



%53 1]

AT O RRAE ARG R T ik 247

A TR TR IZ SR, BT A FRIZ 34
S BCARHRLR Z  AH ELAE R S Ak T A A/ A
T B 25 5T BN XT R A B ok R
FAXTFR B BAZ Al 7, 52 me G50 1 # i O 45
WAIBLTH RAG R B . I RS L R G 4T
RS HTAS FUR B E R GAL TR S Bl id SR iR
B BIX — FEAC B, TR o X SE B ¢ THE
DR IR R,

ARSCHR S B T 2 B 5 ik AT I PR 56
R G35 8 5T EHE o0 2 W X FR R R, 3
A S B R: , 3E 0 SO FREE R GO BRI 53 70 i A
A, BB A5 21 22 50 (4 B [B) 0 137 I 8 57 6 R Ae
ARG H B BNAS Poincare BRI 17, FHXFR
A 1L, (an= (9) A= (1) i i R ) |, 43
59| o7 A 1 A 8 1T V7. Poincare B AT LA 31
FRASTRI 5323 L, s 43 20 T v A A o) — A T
DA 72 G0 2 i 38 2k 2R R 3l (AN fig
B 3K 232 Bl OC T HE O R X FRPE. R AN
[F] PP B 0 g 3k PR R 3 220 T G T3 h b B B T
B CRP3E 2k 2 (10) o —FB 40 A 43 S Bt 48t Jld e %
FRAg 4T3 , QL e 9 o 25 €00 BT A o 1) 0 S 50 4
FA, WIEAE] U] R G AVE X BRI 32 355 a2 i
PN 6T B 2 (R A 0 SO e 2, WU R 40
VEAXIFR I 12 5.

T B B, AR BT Rz sh e X, an A 1)
LA FRIE 8, 76 B U 3 B s A 8 2
BRI SRR (PR ) , BRI 1 AR Friz
FMAE— M 2 B LW 2 280, R & o
P01 55 4y 4 T T AR AR A B T LA
R H b ) —F P A 53 SORBf E.

3 HETTEERSHN

DA 5 3 B 2 1) B Dy 43 A %o 52 ok ] R
GEr) o AT N FNRIEE 2h. #E 1 2 R G b A MR 1Y
Jo (L L B2 5 BELE R B B 3 R B 25 S 500
WHEW S SCR (18 . S il Ll S50 ZE 50 i
TS5 HE E A = 0. 0565 5846 i B A 22/ A7 e e L
Pefil 1 5, =0. 056, A0 0P RS 5 | i) Bz fk Ay A8 b S
g =0. 0, 5XMUE A S %L o =0. 056. Ko HudL Al )
HHESHC R INIERE R R b, =14.6 x 10'N/m,
RELMBE » = 9. 1mm; T REL S, = 6325. 463 x

10°N f,, =5707. 858 x 10°N f,; = 14. 420 x 10°N - m ,

fr =25.338N - m® 50Uk BB =0. 15.

NG LT 1) 5 AT SO, A ik Ak TR
1E, AT 38 20 K il B A~ 2 Gl 1 Sl 4R 1 B 5.
U R P T ) 24 R R 0 R S 0 ) 3 B
KAt b, I im BT 5 R G Jacobi H6 B (19 R AE A
1 Floquet FFAE 36 - 0 12 22 5 A% 3 > JE 0 e o
SRR E P
3.1 EFEHSXNREALEE

] 2 S0 S 22 58k A5 2 1 s 47 o AR
A I S50 e 1) BRI AR 0T A X A0 4 A )
(B 5378, Horh SE L AR R AR E 32 3, T A 4 AR
RAREN B, BT .

B M R R G E W B s T UL s
ATHE R/ NI, 5 W AR E 1Y, DL S
WG s, D/INI 2D R B G I A7 ol B, 8 fi )
XU 43 75 26 OAB Hij i, [A] i 38 3 R 48 Jacobi
S RO AP AL S 38 %) 1 B R N o il () A . [
t OA B TR E 8 W i, AB B AN I 0E W
i, JHA(V, =90. 065m/s, a; , =7. 4921 x 107" +
16. 58071, 103 245 Jacobi 4 [V 5234 i R o R AE
{B, IR & FR S8 Hopf 4372 5, WA — % &2 44y
SR AB L [ 2 8RR A, o AR IR L T 2 2 A AR
FE .

10
o}
$
E 7 — Stable
_\_—‘ 6 ........ Unstable
2‘3 5
g 4
3
2 A
1 - i ]
0 (0] C" A . . B
60 70 80 90 100 110 120 130
Vims!

P2 e SRR T A A i B 1 20 2
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THE "RESULTANT BIFURCATION DIAGRAM'" METHOD
FOR SYMMETRIC WHEEL-RAIL SYSTEM °

Gao Xuejun'"  Li Yinghui® Yue Yuan’
(1. College of Environment and Civil Engineering, Chengdu University of Technology, Chengdu 610059, China)
(2. School of Mechanics and Engineering, Southwest Jiaotong University, Chengdu 610031, China)

Abstract The concept of symmetric bifurcation for symmetric wheel-rail system was defined. Thus, the time re-
sponse can be achieved by the numerical integration method, and an unfixed and dynamic Poincare section and
its symmetric section for symmetric wheel-rail system were established. Then the Tesultant bifurcation diagram”
method was constructed. The method was used to study the symmetric/asymmetric bifurcation behaviors and cha-
otic motions of a two-axle railway bogie running on an ideal straight and perfect track. The results indicate that a
lot of symmetric motions and plenty of asymmetric motions exist in the symmetric railway bogie system within the
investigated speed range. In addition, the rule of symmetry breaking in the system is through a blue sky catastro-

phe in the beginning.

Key words wheel-rail system, the tesultant bifurcation diagram”method, symmetry/asymmetry, bifurca-

tion
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