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STUDY ON VIBRATIONAL CHARACTERISTICS OF RAILWAY BOGIE
WHEN ROLLING-STOCK RUNNING THROUGH ASWITCH
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(1. School of Mechanical and Electrical Engineering, Beijing Jiaotong University, Beijing 100044, China;

2. School of Mechanical Engineering, Southwest Jiaotong University, Chengdu 610031, China)

Abstract: Three general models, coupling high-speed rolling stock and track system running through a switch,
are established considering the elasticity of track foundation and bogie frames. The motions between wheelset and
rail and the dynamic loads acting on the elastic frames are simulated in the three models. With a postprocessor
code, these loads were transformed back to the FE-code, in which the stress distributions for the whole bogie
frame were simulated by means of the ANSY S-code, high stressed locations were indicated, and time histories for
the stresses at the locations were simulated. According to above-mentioned researching results, the simulating
results of the three models are analyzed and compared, and the time histories for the simulating stresses of the
bogie frame are compared with the stresses tested in the real field test. The frequency spectrums of the dynamic
stresses are investigated and analyzed. Results show that ignoring the elasticity of track foundation causes the
dynamic stresses result larger than the real one. However, it is inadvisable to make the model considering the
elasticity of track foundation too complex. In addition, when running through a crossing vee of switch, the
oscillatory frequency of the dynamic stresses in bogie frame mostly focuses between 5Hz and 17Hz. The elasticity
of track foundation widens the bandwidth of oscillatory frequency of dynamic stresses in bogie frame.

Key words: vehicle engineering; bogie; structural vibration; dynamic stress; switch; flexible body; railway track

ok H 9. 2005-05-27; & H . 2005-10-28

BEGTH : EK BARREIE S B I H (50575020)

YEZ R *E0Frhli(1961), WHTIE™N, T, Wt4, WFHEH TS E-mail: jinxincan@eyou.com);
IMEI(1962), BRILN, ##, fd, Bk, AN TR
MROGHE(1962), | TGN, B, A, SR TR



T ™

i % 179

R R R A A A R R T
A Ay T 2 A ) S B A4 7 3 45 ) - i - R S
BRI R T, (ELEE I R AN TR 2802 B 1) B 5
HIPR B AN 55 1)@ . DAAEAERBEAT B () QR 450 (1) 93 B
SRR 2 i sh o R BeEM, B TS5
ENASEAT I AUN T R LA By R AL, VAR K
PR TRESE A, AR JCVATLSE R SRR Tl 22
B, MRS S bk, JoikEc KRR
JSE 14 7843 S F% A0 R FH 45 ) P i EL B 5 0 42 49 3
SUEREMAWISEE, s RET B ST
5 O S DL A SERR T OL 2k PRk, Gnd) 2
SEHERA A SRR [ 445 W P Bh AR AR O
XEEFAT AR SR BT o I D) Rs 2
1o

S S N e e e R B i DR R B TR ey o 2
14 2 45 (MBS) 4 T 45 4543 W 7620 #T (FEA) 1231,
{H FL A 0 4 50 v 14 IS R 77 T A3 A7 A8 VR 22 I A
FRIATR, oL 2 A S A TR R A 2R i L (i 2
SEVIF, AR (P EET SH s e RS o S DR 2R R
RILFLATEA. Mk, WiE2E®tEa
SIMPACK I IR TL(FE) ¥ /1 ANSYS, %7 7t
e ) SRR SRR 2 AR T v T A e T I 2
R ARG LI 2 sl A TERe . Sl o 1R
W B AR F T ) AR B R sh A &, IRt
SN T RER I BN S RS R 2

1 FE 5 MBS BY32&5 &/

TEZ R RGEH, KA RITE W R R 4k 0]
SRS TR
TH R AN AR R AR 2 R R G AR
125, —RBIEARNRR, T2 lDE TR R R
AR ROLE 1). PRk, ARPTE AP Es)
K
r? =rg +C+Ugy D)
Mo M CIERIPRIZE), U A2/ N, IL Ritz A3

K
U = Z;Uj(c)qj(t) )
j=
BRI U, SRAALER O ML AL

MG e AT A AR AR T 4 A2 T -2
PA-A IR, B

Uiy = [Ugsas » Up ] 3)
i MBS JTFRIZEK,  FRER AR I 20 (2)
Ak ok -—IZ B TR, HAkdE S ey,

BELER
L v A B 1) AR AR 5 — B e ) 25 i
W R (56.6Hz)
Fig.1 Flexible body about high-speed bogie frame; 3%

eigenmode: Vertical bending at 56.6Hz
B RAAAE M Ritz LS E] Hamilton
HORTTRE, ARG AR SR B, TR H SRR IE
BT

a 0
M@ [“"}*k(mqq) 0 =gy @
q Kad
XH M RO E) IR, K EREIR 5 k= R,
K WIBEHERE, hAER iR b e AT TR T e
a~ AL o FAINEE o UL AR EE) I )5 AL
REPL, PRI, P21 MBS R T SR (14 22 A 5d 2
DAV TR R FERE ) H BE RN B, X844
Pa T PSR TVREE, TE ROAH N R A S N £ (SID)
SCAFBILL AT, o7 o B I AT S A7 % 1 2
K E

AR o B B ) VT SEORS BER R e RS H I 4
ROk S, ZE BRI, DA A S TR
BOR SR AR BRI AR R 43, TR e AR e NS
JE, DAk, AR nl s A AR e T4 e e — B 1
Taylor 255, 122 Z £ B vT a8 ek ZUE AR 43K
o BeAbh, RIXELRECS I RITER, SO E T A2
PR st 5E, TERGHRS) SID S0 fe)a, it
ZAR RGN UL S AL AR R R SRR 1 SID
A AN IR RFIE ) T

2 FEEIEMZER FE 2HitE
FITFFE IR ) R4 B8 CW-200 1Y vl % 4
207 kAR 2K 3.2m. 55 2.75m. T4 1089kg.

{FH ANSY'S H ¥R 5T S EO A 2L (1K 2), Lkl 5y
7y 5432 A~HLIT, 5878 AN4E .



180

)1

2
i

B2 AR T SN B S Bt
(B L B HR 7Y (25Hz))
Fig.2 Dynamicaly loaded elastic body

(1% eigenmode: Torsion at 25Hz)

R4 Guyan 45 58 1Ty g -tk vk
e A0 PR L o 4 i 2 A A R F — NN R T
£, B0 AR IR (AR R r) o o SRR B X
WTEH HERA IR, 7EVH SR AR R
B A P DT R BE RE R 42 32 1 H B A T 4
o

RS AR Y 1) T SRR R B H R R Ol SR
H Guyan Zii it HAT 2 = B A, REEd T+
H BT EARSR I & S 4. AL ]

1

197 N4 A, 1182 AN A . S ) 2Lk
SRS R 3E R P 3 B AR A A T, A,
7E MBS ZpHrid e rf, Wl p A ki B R 1 O3t —
NG RS I B BT D8 TG 24 RO B (i = BRI
P BRI R] L B /AT ISR . IX =R B ) 2
2 25Hz [ (1 2). 2 52Hz 3B 1)1 56Hz
e 2 i 1). B2 f~ f, b — REEE

fif s~ fo o REHEAE AR
3 BEEFFNMRUEERFRIZIK

EY s X itk v

BEXT BRI 9T 5% 4 R 26 B R A5 3R B8 IR 55 S
FrEF5, FIFH SIMPACK % fFaT T midi & ZEfke
HMERIR RN 2R RGN, BRI, e ) B 48
Al B SID SO REEERER ) MBS B
(R tEAR, 221 e ks SR BE JE Frocdl Ak 17—
AR RMBEERIC. @A AN 2 AR LA
T AR AR PUANERXE S AR ) F1
A SR (R AE), LA 3.

6

i

A

Torwowre]

=

) 0 i
= =

ST

T

—us R/ AR
LAk, 2-46 [ SRARAER S,

72

3-feXl, ABUERS, 5 REHARL, 6-—REHAS

K3 SRR 2 R RS
Fig.3 The MBS—maodel for high-speed vehicle and track

BRI AROCR, M T EBAEH 5
o BN RIS By T E R AR Bl LT AN L RS R
e, =R R BRI LT AN, TisELl R
B I A AT S R e i LA % e 2 R e 4

T PEURR EL A P A 1 B A 4 A e 5 A
Xof Al [ LR (IS S 20, S IF 9 p I 0] frR 428 4 15
SIS s R st , Bk R A B Ay P
) BE-PHE 2% PG, G RE GRS ) AR IR T
2z RIS (1) FASTSIM 427109 Kalker % 54
it ) T A B o ERABIIR SR ) — AR, B (1) HY
LR 1R 2% S BUPL B RO  R  SE b vk L R
AR R B ) R S0 ik A A O (2) Atk
HA (AN BN B R 3%E 252 = 3 0 A J0L 2% it L it 1) 28

P S ot b, BARGE BB ISR
= H R BT (3) AL, B
L2 2 B Al - 5 A R e R B0
RGBT 98 MRS R, Hhais 8 MK
AR, 6 MR TLRSE R 18 AR
AR 8 MR IR AR DL IR
AR,

5 ELA A AN, 3 A AR R AE TG
AR URK T 170 B B 4 B O P e AR Ak, T e A
B2 ) AR A o 30 2 K AN BRI I LA S
TR IR A B HORHIR , TTUYZR 77 AN AN
AFAE ) R AR KA o S B RS AT AR R4
WAZI 5 SCTE 2 KPR DU 358 20 ST A IR B T SRR,



T T2 4 181
B AL EATHL SURIALEL. S i
ERESTIR A LMA R, JLANE B = IR FE 4 Z 597
S . s N R 55
PRECELT . HHT YAl 20 Ny, R T 4R = 52
BISAEAZA AL, BT AN e 2y I —Rh £ >4
(s, PIE TS AN TSI e L, HeR ST e -6
Ji B-REARREIR . S RIEREIECSEE, S/ Eiaes
7 > H- -60 -
KT 2 A,
-62 . .
A3 s . (0} 1 2 3 7
4 TERUMERRIRIETE y ve
— SIS 1 1 —S%4m
Bl 4 7= H T S 2 LA AN KL, B A _ 2 2 — SR A ]
— - NS TT o y . = 101
M7 W T3 20 1R 2 0 R IR T T L ART S0 T B & 3 sl
BRI L. BRI 12 Sk W]
B, MR KL35m. Lk 1% 350m. E 4
1 ]
| [m] SUSKE— 58 [,] 30MFA—HH = 2
] o= o 0 1
‘ :38 \ ‘23 t—
a0 3 N - — -2 T T T T J
92025 o [msﬁ 100‘50-150-1?350 0 o) 1 2 3 t/s a 7
) ST e R S AN L MR (122 1)
1 - LV i 2
1 " a 5‘\0_100 :23'150 WDD';ID [uf 4-
[mm] [mm] 17?@5(‘] 1
[n] 20 E —EW [ne] 2088 A 24
5 o 20 .
;O S5 .
TR 0 ™y e 50 0 £
[mm] [mm] .5\5
#K
4 2 BT LA =
Fig.4 Geomtry of the switch and its selected cross sections
K55 T 4 4iLLV = 40kmvh 324758 1 12 541
A SN g 3 ooy -10 : : ; . ,
LRI LI =R ) F A R BT g R o 12 3,04 7
AL AT Hh = R0 ) ) 2 5 S5 4607 A _ 407 2—mE
£ 30- N—F
4 A B 2
4= 204
2+ R % 104
2 X2 g
c 0- 3 ___5B%i3 1o
3\;_2_ 4 fxta E_lo_
= i -20
:° = Sl U
61 -40 r : . )
. 4 *-E‘V"' + 3 VH;LT (o] 2 3 t/s 4 7
-10 . . T T T T \ 48 - 1 —FE 2
o 1 2 34 5 & 7 9 — SEAT
T R = -50
40+ 2 N =
1S a 1 - .
£ 304 W= =-52
B W
g 20 - ﬁ}j_54_
2 10] e
e * I -56
11 o w0
it -104 J— o -58
§ -20 - -60 4
%1; -301 M 0 1 2 3 6
40 ' ' t/s
(o] 1 2 3 4 5 6 7




I

182 T T2
144
- 2 T — G4/
£ 10 2 — SHA
8y
%
= 6 -
ﬂ
W o 41
| 1
8 2
0 o]
_2< T T T T T T 1
(0] 1 2 3 t/s 4 5 6 7
SR R L B AT (B Y 2)
47 1 ftnf
P 2 — FEXf2
3— %13
ol 4 e uta
g
£ L]
= N4 '\[&
= 41 ‘q \= y—=—
®
-6+
i d e S|
-8 r v’
-10 T T T T T J
(o] 1 2 3 t/s 4 5 7
1— S —P%ful
404 2— &5 Rkl
IS 1 1
£ 30+ [~ —
£l
= 204
=
2 104
ks
170
= 20
2
pohs -30 A 1
-40 T T T T T T )
(o] 1 2 3 4 5 6 7
t/s
45 1 — A/
2 —— SEATO
=
= -50+4
R
=
¥ 55
i
“f? -60
ﬁ;@
¥ 651
70
o 1 2 3 ts 4 5 6 7
18+
1 G
Z 14 N
= 2— S
=12]
3
25 10
= g]
K
W o
| 4l
<30
o 2]
[
-2 T T T T T T ]
o 1 2 3 ts 4 5 6 7
DI 2 i A Y (7Y 3)

5 TR 12 58 AT I A R) B B R O L B 45
Fig.5 Simulation results of the primary suspensions and the
wheel-rails contacts when rolling-stock running through switch
No.12

P S ST AL, 5 3 1 4 3 (5 — )
SN A B I, S TFRA ) 5 R 50
RS B B e, T B RIS - 1R
FERP L . 76 S MU (46T R
SMIAEH L T A, TR 2 0RT, A3
KRS P, VR TR R
BEAh, e AT EBBRITIHY 2 o A5 X
SR P R R T A 1 R )
e 5.

YESE T AL 20T SO SR A T4
0 5 g T 2 A O 3 P A FEMIBS™
PRSI OB T ANSYS FFF (0B b 23
Pho B 6 Rt TR RRATINAL, Fi eH
(O oA 25 RN ) G o PR 7 735t T X
TRKI ) 5 9 ED A5 A Aok, B Aoy, KO
i R G (R, 0 5 B A
He o 9 B 05— TR 1 MR ) (3R 2
oL, LRI 2R 200 A i
25 RS S BT BE W] T Aoy B AcZ,, 451
b A PR B,

SFELAM BT 5 P 7 = R 545 el 0L,
S A 2O PRI R e 1
BT RN, TR K
PB4 U 43 B, DR 2 X A
HE LR OB 2o AR KT . 5 AT R
LRI 2 WIRAE YT, AR AR e O
T Y L 0 7 4 A I A 220,
R R A BT, O b
925, 2en bR Fl— Rk Hm MR B I
A5, (DI R R

K6 1) SR A6 AR 52 B K BN IN 1R g 53 A1 2 P B
Kbz Lab 2 /M i &R
Fig.6  Stress distribution for the whole bogie frame; Locations
marked as 1 and 2 were the maximum tensile stress and
compressive stress, respectively



Ac | MPa

Ao’/ MPa

|/ MPa

As

|/ MPa

AT

AG | MPa

T 2z 183
40 . . . . . 30 . . . . . .
{LIil&QEUA)
301 fu i . 201 G 2 AR ]
10} N 31 ]

20

10

-10

i 2 B T
D@L

A c_ « <
O_x_o_x O_ifﬁéﬁ

t/s 4

DL LGB AR
EvANAAL IR

350 -

300

250+

200+

1504

100 -

504

20

o4
i
o

'f 2 Lljj =l
Fij)mmﬁiiﬂlu

15 20

fJIOHz
(5704 1)

40

1_ 1
AO‘X—O'X o:,ﬁ

10F  PrE1EBENES 4
EvANaLlE]

-20 -

o 1 2 3__ 4 5 6 7

Ac’IMPa

1/ MPa

|AS

3

300 A

2

|/ MPa

2
X

1

AT

1

Ac | MPa

Ao’/ MPa

200 A

350 -

300 +

N

a

o
1

200 +

[

4]

o
|

100 +

50 -

(VAR P OEIFS
?\L}J_jjmmﬁffﬁ i

504

50 A

50+

00 A

50

15 20

f/Hz

RrE 2 B
ISP ER T ik

Syt g TR LN v

40

5 10 15 20

f/Hz
(B2 2)

30

20

1 1
Ao =o — cnﬁA

PLE 1B AR
EVANAZNL 7] |

F o ALE 2 AbEhES IR p
NI

(0] 1 2

3 ys 4 5 6 7



I

184 T -
350
300
250 - 7B AL B2
s o1 N AR AT
=

1
X

AT

frE 2 RS IE
(A

|/ MPa
N
g

|AS!
X
N
o
o

5 10 15 20
f/Hz

(B 3)
K7 i 12 4500 7 R AR KB (L Ak) Fl s (2 ) 8 2
S ) 3 M L N 1) DA R A e
Fig.7 Simulated time histories and frequency spectrums for
the dynamic stresses at the location 1, 2,
under running through a switch No.12

Bl 8 st T 4E4M LAV =35kmh ~ 40kmih 1217l
it 12 S 72 i SR e A 45 R
SIS R SR A AT LR, B 5K
G5 REEAR 3, AHAEI R ISR 78 O I A 2R 2 SR 22
RTRGEEE R, X VF I T S0 I i A7 B i I
(35kmvh ZeAr) e BT IR il et 2 22 T R Al Rt
S B ZE A TR BE— B Al SRR 2 o i
R SR AR, ATANRIE 3 4 R TG 2 Ik
ENBUHIE S AR sl R A Bk, TR 1 R 2
25 R o3l HoA ke 4 R A &, R WITE
WL AR R BRI, T AR, A B2
S PR B T R BTt B A R, (H P e Y
INANE 5 RIS T8 A (WY 1), B 2 1452
S S AR (ARG A 8 v

Bl 7 & 8 3853 o T kS S £ R )
JIMR IR B o £5 573 AT N g U 45 A mT A,
{1 5Hz IBhAS Y. ) T2 A MNP NTE 7,
e L PRsh TS &, 1T SHZ IS AN ) )
TEEAETE A DT I P o IS P £ 25
BT W R R AR Y 1 IR 2, fEil i iE
TR EOFIZE N, BSR4 T A

£ 5Hz~17Hz [8], Sl as REEAW) & mNITEL
B 3, Hk MR ) SR A THz AiA, R
WY 0 L 7 PR 3 33 A T A7 A 2 s P I 3
T8 1 HAE It 2 Bl b 7 B N e e

24

20}
S 16
=
= 12
o
=2 8
4+
BET LAz
oL BRI ESE VAN
0 1 2 3 4 5 6 7
t/s
5
2_ 2 2
o AC, =0~ Oy
s st B 24 Sz
s . B2 FE N
YT l1s |
a7
20}
251
_30 .
o 1 2 3 a 5 6 7
t/s
250 -
200
o
= 150
= AN 1 Ak SN ) s
" 1004 EVANA AL IR R

7 2 4 SN ) 2
wso{| i £ st

X

IAS* |/ MPa

5 10 15 20
f/ Hz

K8 ZRAMit i 12 5 38 7 I S AL A (1 A0) A s (2 ) 8l 2
TS 7 WAL IS T JT R AT A
(Bt RAE A 500HZ, K Ak FRUE P A4 50HZ)
Fig.8 Experimental time histories and frequency spectrums for
the dynamic stresses at the location 1, 2, under running through
a switch No.12(Sampling frequency 500Hz, filtering frequency
50Hz)

5 £

(1) 3T MBS Y FE bk s, s T %182



T ™

i % 185

% L 5 ) e R L B i) S AR Ay R A Y e T
B B RN G RS TE 21847 1) PP, 4y 51
D7 BLAHT T = Piobs e B Rl AR T 3k
AR S S P) P i B ) = W TR G BN = ALY
J# FEMBS™ #:AL 4 3E HI T FE FEF AT SC1E, 5
8T FE P ANSYS 2047 T3NSR N A7 4%
A3 R e KN AL & RN I (] D REARAL o a3t 23 #7
VAT, B i AR B R TR B 743
T R ) AR [ R R A G .

(2) 3 HTo0s b = B 1 47 B 45 S R 2 1
AT, AR I 2 X R R G B N, T AR AR,
N R L e ) A T B3 B B A R R, (H R
LRI AN G TSI TR A4, AR R A4
AR 2 A TR R AT S A AT = 45 2R .

(3) FELAWim ik 3 70 I 25 Do R 28 R, e ) 48
P BB N ) I3 9 Wi 3 1 BLAE T fE BHz~17Hz
], EAERE Y ) B AR T A7 e e i M i
P T HAT T ST BhA N A kb .

Bk

[1] Schupp G, Jaschinski A. Virtual prototypeing: the future
way of designing railway vehicles [J]. Int. J. of Vehicle
Design, 1999, 22(1-2): 93~115.

[2] Dietz S, Hippmann G, Schupp G . Interaction of vehicles
and flexible tracks by co-simulation of multibody vehicle
systems and finite element track models [J]. Vehicle
System Dynamics Supplement, 2003, 37: 372~384.

[3] Andersson C, Abrahamsson T. Simulation of interaction
between a train in general motion and a track [J]. Vehicle

System Dynamics, 2002, 38(6): 433~455.

[4] Intec GmbH [Z]. SIMPACK User’s Manual. Germany:
Wessling, 2000.

[5] Wallrapp O. Flexible bodies in multibody system codes [J].
Vehicle System Dynamics, 1998, 30(3): 237~256.

[6] Guyan R J. Reduction of stiffness and mass matrices [J].
AIAA Journal, 1965, 13(2): 1133~1145.

[71 CW200K ZUH jis) Bz W g Il B g8 55 m] S ME DAl 4 3%
[R]. Jbxt: JbRtAgid Ky, 2004.

Testing of the dynamic stresses and evaluation of fatigue
reliability for CW200K bogie [R]. Beijing: Beijing
Jiaotong University, 2004. (in Chinese)

[8] Kalker J J. A fast algorithm for the simplified theory of
rolling contact [J]. Vehicle system dynamics, 1982, 11(1):
1~13.

[9] Kalker J J. A simplified theory for non-Hertzian contact
[C]. Proc. 8" I1AVSD-Symp, Cambridge: Swets &
Zeitlinger, 1983.

[10] Knothe K, Grassie S L. Modelling of railway track and
vehicle/track interaction at high frequencies [J]. Vehicle
System Dynamics, 1993, 22(5): 209~262.

[11] Grassie S L. Models of railway track and vehicle/track
interaction at high frequencies: Results of benchmark test
[J]. Vehicle System Dynamics Supplement, 1996, 25:
243~262.

[12] Dietz S, Netter H, Sachau D. Fatigue life prediction of a
railway bogie under dynamic loads through simulation [J].
Vehicle System Dynamics, 1998, 29(6): 385~402.

[13] Dietz S, Netter H, Sachau D. Fatigue life prediction by
coupling finite element and multibody system calculations
[C]. Proc. of DETC’97, Sacramento: California Press,
1997. 14~17.



