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A Vibration Analysis of Model Railway Bogies by Wheelset Unbalance

OHTSUYAMA Sumiaki’, ASADA Haruka', HUANG Xin""

Abstract

Vibration of the bogie and car body becomes remarkable with train acceleration, and its
effect on aspects, such as safety, riding comfort, rails or ground facilities are experienced.
Railway vehicle vibration is a problem of importance in terms of safety and riding comfort
requiring detailed analysis. The vibration of a railway vehicle is mainly caused by wheels
and bogies running on a rail and transmitted to the car body. Of great concern is danger
of derailment and riding comfort. In this paper, we focus on the natural vibration of the
bogie during acceleration from low speed to high speed and verify the details of the
vibration using roller rig model equipment. Comparison and analysis of experiment results
and dynamic analysis software of vehicle motion is offered, with attention to vibration of
rail wheelset due to mass unbalance and corresponding roller rig model.

Key Words: roller rig model equipment, wheelset unbalance, vibration analysis, natural
vibration, power spectrum analysis
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Table 1  Principal specifications for the roller rig model and real conversion

H OH LA (1/104 1 X) FHF I3 FEBAY
LI 1435 mm 1435 mm
iy [ i K 0 ~6000 rpm 0 ~6000 rpm
JHE 0~27m/s 0 ~307 km/h
FHAEE 184 kg #9120 t
R 86 mm 860 mm
e 250 mm 2500 mm
BHALLHEBERE CREA) 1000 (500) mm 17500 mm
R CRER) 1600 (800) mm 25000 mm
LIRS R 100 mm —
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Table2 Principal specifications for the vibration acceleration measuring device

HOH ft: T
EaRiUE RIG, £HG, TG
. . HEIL Y £2G
ey R, 50 1z
T v TR 256 Hz
g (AL v F - Bithid) 140 g
MEXES xS (KE) 40 x 80 % 40 mm
ST TR Bluetooth
IR HE=FEM (24)
FHEAY 7 (0S) Windows7, Windows 8

Fig. 1

Roller rig model, 1/10 scale model and half-size underframe (side view)

FL AR

Fig.2 Roller rig model (plane view)
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Fig.3 Vibrational acceleration measuring device
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2 model ratio, /: real gauge, [': model gauge, M : real mass, M : model mass

v :real velocity, »': model velocity, f : real frequency, f : model frequency

3.2 IREMINEE
LS OIRBI B 2 FE D0 BN EB 2 B2 o 72, HEOLMITHEF R % 0 rpm
A 56000rpm (27m/s) DO TiE L, 200rpm T & WZFHAI L 72, 73, HBENC 3D { FHE

67



A (3) L) 0km/h2>5307km/h& 72 5. F 7z, B B TR (% PO 6 B 1 ieii A
YO HAEL/A0D Bl 2 -\ 72, SREPIHEEOFHINE A ~ — MEJEET 2 G RO 2 I [E %
LCAr) (B4).

WA O SR ZERAHL & L, 7> MEE L2V, BI5ITRT L) ICFHAN L 7-4RE)
IEET =5 %6 DX HI8T = A7 MVEE (LT, PSD) T L, £ O HEBJE W)
ORI R IREY 2 R E L, AT - B L A2

3.3 BHFIRE) & HIEIRE)

Pl B OIREY I HERRE T AR 2 ATEI2 S 5. $EATENC I Zishie T8 & AT
FERAREY S 2 BHEITEISAE S 5. Wie T8 OB RSUTH R 2 r, BRI %
y, MM %20 ET5ER (5) E4b, K2, AHEEBITBHOMGIEESAIAEZBIEE TV
L, miiEE20E$AER (6) E4nY. T2 EBROBMEENTIE 2 H2AEE ORIFR
B & 10HZ AL O IR B S T ICERI S 0 5 0. B WFZe Tld ik s b & 7 o EE R
B % PSDf##T L C 1 ~ 2 HzOBIA4ES) & 30,50, 100HZARE % ¥ — 27 & 4 2 iR EN A% < 24 1
TWwWaY,

B, WATEHIRENEUI B OEITHEEICIEBI L CRE L 22205, HRIREIO 720 3. 5 i
D EBETROERT ¥ NT ¥ A X B HHREI L 5 LB S,

S1=2x./%%, (5)
S2=S1,/1+ b7/ (6)

3.4 ABEEEHEN

BEOEF RN OO 20 L GEREZSCREETVEMEL T Ialb—vard
5. EAEFEOIRENFEN O HHEEL, Fifk 2 20is L OCREROEGEZEN - I — A% £E
L726 HHEOETFT VT (7). KICETHMORBIFENT O HHEEZ, #ith 2 2Ok
BLUOBERO L TEMB L UREROE Yy FAZEEL 24 HHEOET VT (K8).
EFNVOHBEDNRLZWHEEIZIZZ ) =T HRNA OO ) v s, EE i E Rk 5 2
LR>RRFNAET L0, Ty V2 OFEICE ) EHHEREZ LT Y. L e
O, Hlgk L— VO 7 ) — T HIEZ ANV FRIERTIE R WD, BT 77 0T 20k
RWMATE WV, 22TFY, Hilg - L—VHIZZ ) — T H8FEAE L ZWiRETEA (7) &
A, 22T, MHEERE<S M) v 2 X, KNEEIME< R ) v 7 2, 23 ZBMETH LY. (4
LICFE A R

68



WICHEG - L— VD7 ) =T HORKNT 22 #% 2 C, EAATER(8) L4255, 7z,
ETFHmTERESCRK (9) £25%. 22T, ML, 2HIEE~ N v 7 A, {CL, 2HIWEE
< b vz A KL 2HEEMEY b v 7 2 TH DY, S OBRIIMN 2 B L O3 IR T

%B, BEFEY 7 NMATLAB®Symbolic Math Toolbox CHlL4elmfR il o 540 EiE = A
TEHE$ 2% &ML, 21 {CL, 21, K1, 215K F 5. 5HEICH W -8B R G e 2 8k 4 1R,

Ml + {Klx =0 (7)
IM1t# + {Cllt + {Kllx = 0 (8)
IM2}# +{C2lx + K2x =0 (9)

3.5 HEWEARWMDTNTLR

BN G T YNNG Y AN D &, BIRERREO OIS X ) N IREIS A S, — Rk
WZRERARD T N T v A HERAO R OER & ROEO TR SN, o REREANIRE
L s, B, FAEEOROCIFE—-MAEICE R BHoRdThogZdd), Znb
OIFAREI D Bl L [ U & %2 5. Hrisfiim ok 7 > N7 2 Z&13005kgmbL T T, %
O CHROERT v NT v ABOERLITHONLTWAEY 25, T oNTg vy A8 OidARn
WEETH 5.

W42 B O Bl (EE86mm) DA% b3S (EAE100mm) 122V T [AEICT
YONTG VAL BIREISBEL TS, T2, IS ORBIIHEEB L OBHEOLS - BT -
HIR T ORI & 72 > T b,

hEEEHRIEE
(R=— FBjfEED)

Fig.4 The roller rig model and measuring instrument
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Fig.6 Power spectrum analysis (sample)
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Fig.7 6 degrees of freedom bogie model (front & plane view)
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Fig.8 4 degrees of freedom bogie model (side view)

4. BEREENR

4.1 FETRBRER
OFEATi 0

200rpm & & (2306 T CRIM L 2 RHEl SIS B A EA M OIREY N E % X 9 IR T
1800rpm, 3200rpm, 4200rpm, 5200rpmliZ BT, BEEZEATY — 27 2572, 20 4 Hirid
EAIRB LT EZEZ b5,

@ T A

Fea T & AR EHI L 72 BTF 5 ) o SRBY AN 0E LA R & 1012779, 1000rpm, 2000rpm,
3200rpm, 4600rpmiZB VT, BEFELRRITY — 27 7z, 2O 4 EETEFE A IRE S AT & &
b5,

4.2 32— a iR

BHM, Sl CORERBRERITE TR E L, WAEZDIOEM O AR % 40 L
T, v3Ialb—yaryzr). 3. 48oEcERLEATE ETHREAREOY I 2
L= a VIERB IO O MBI CRHE L 2 EERAMEZ K3 B LKL ITRT. &8,
CofsEMEIN (1) BLORX (4) 2HVTEY 1 =100ETH 5.

4.3 FETEREYIAL-YaUBERER

3. BHIOBHMEATENCET 5 (6) & 4. 2HTHM L EAREES & O & §iddm
DONMERIREY B &2 AT ERAE RO 9 L X0, MIIEMI2D L) %77 7605, 2
D&)A - RO EAIRE O B & FEEEU B 2 Bl X OBAR O T 2N
7 ¥ ARE O EAMHNE L RE O (LU, FAIREHEH) AT 5. 2BH1L2I1EX (6)

71



TR LA HIEATEIREN O /R L T 5.

H11oO /e G RE OB A (48Hz) T@ddmHh 3 —%EH) (62Hz) O 2 EFR
BEFATHD. CORBBPERIICTET V=T Y TRLTWAS. 209 HD3200rpm
4200rpmiZ 2\ T, PSDF#HT # {1V Z N2 1N463Hz L 61HZIZ ¥ — 7 28 L7z (X13). &1
5 OPSDIFNTiE % 32 3 1B L7 (Eiashy).

F120OIEEHE ETIRE) (98Hz) T@dHih T2 (158Hz) TOIRHHEE v FEH)
(326Hz) D ZFNZENEHIRESHFECTHL. ZORBGHEEERLAICET ¥ —F4 2 TRL
TWwWh,. 209 5D600rpm, 1000rpm, 2000rpmiZ 2T, PSDEMT % f7\ Z I ZF N 10Hz &
145Hz, 335HzIC ¥ — 7 2R L 72 ([M14). ZN 5 OPSDFNTE % £ 4 18R L 72 (E A
)

Table3 Lateral vibration (simulation/actual vehicle converted values/PSD analysis) (Hz)

A R B £ WG | e —EE) | BEAALEN | GE S —EH)
vIial—Ya iR 43 62 0.36 0.39

S HLHR A 152 196 0.11 0.12

PSDf#HT i 46.3 61 — —

Table4 Vertical vibration (simulation/actual vehicle converted values/PSD analysis) (Hz)

FEESERE L S VA =N o VA REL v FIEH)
Yial—vavER 158 98 326

SR 5.0 31 10.3

PSD T fit 145 10 335
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1 j/ 3200rpm \ P

Vibration Acceleration(m/s2)
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Fig.9 Measured lateral vibration acceleration
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Fig.10 Measured vertical vibration acceleration
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Fig.11 Lateral natural vibration range (shaded®),®)
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Fig.12 Vertical natural vibration range (shaded®,®),®)
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Fig.13 Power spectrum analysis (lateral vibration)
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4. BREWERET

G2 H H e Hf
mr B HA S = 9.84 kg
iTx el F o 1) E R 0.066 m
iTy eyl F b 1) E R 0.185 m
iT. Bz E D ) EEEE 011 m
My LT 142 kg
mh R BLOE) EE 4.30 kg
Ty Tyl & b 0 0.125 m
i i dhzh £ O E R 0.062 m
Kuwx SR I 12 B 1 50 x 10° N/m
Kuwy BhFE 2 A R 50 % 10° N/m
K B LT R 14x10° N/m
k. ESQPAS S ol a1 ] 2 14.8x10° N/m
Cux S T FR R AR B 0 N/(m/s)
Cuy A Ao IR AR B 0 N/(m/s)
Cuwz hAE_E IR 1000 N/(m/s)
Cr. F BN BT AR 0 N/(m/s)
2ar il R 0.25 m
2bw il N AU VA O e A R 0.20 m
hu BEPHULHE S — N L S 0.0035 m
2bo T 0.1435 m
ro BGEE 0.043 m
O B 0 & S HIRHLO E O ZK ST BR 0.125 m
Ot B EUR L & HUU L O KT [ B 048 m
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