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Abstract

A formulation to perform static equilibrium and linear vibration analysis is presented in this
paper. The formulation employs minimum number of equations of motion which are derived
by using a partial velocity matrix. The static equilibrium analysis is performed first, then the
linear vibration analysis is performed at the static equilibrium position. By using the
formulation presented in this paper, static equilibrium and linear vibration analysis of a high
speed electric train system are performed. A single bogie system, a power car vehicle, and a
train system which consists of five vehicles are analyzed, respectively. Natural frequencies and
a few lowest mode shapes of the two are identified in this paper.

l

LA E 3th. 23y RPN L= E go e

Ao A4S 1 2/2ASL AAYY Hog =

Feuvtel A7t FYgE Roz oA olAH, melA Ao FAHY ML £ &
Je HEFELe goz ¢ ¢dd 2dY A Qe wwol Wasit AHHY YL Fas o
2e A dA 2 AN Ve IS 2 Helle A4 d9E F31 FEIF ABELA

O]

oo

) oth. m&HALe 1 ma&gow g AHAEE A HELFHE Fake S
o dAle] AU B A 71E Ao ETEHFHAN &£x9 7IEEE 002 Sy
& U2 awdc nE&AE A 1 hRA EAME 53 FFYHRE Fe W2, a8xn
o 7184 & 9¢S MxNE 8UF e £z A9 BE AUAE Hazsle HFE A=
o, Wald T2AHe] AES EEA 3 sty B E Fabe WY ol Ao
Mg FY7] A wyel Y 2 8e F o] AXYY H X dEAAY nHIAF
3 TE A7 dolEe BRIy 2 Tl 54 Mg 9% dolEHEE AMR"ET{4] 9=
AP o] GEAZ o|FolA AlAH ] AAY JFHH e GEAAY 5L
LELFAE E7] fdlMe 22080 8 S BYEE 4 YA dg3stn /A
1 g3e, gFasts AALASH g Az W@t 2oz IHAFT 2 2=
2 358 Bg0uL IATER Rus F@ch A2 o3P A FHHY A4

*3 4N, KIST EgtolBZ A A7 4H, dydadre



HHERG ALY 3E4E Ze NEY FY
d ZAT s Wy *il A= es[5], ol
A AHEY £ HPIF dA4e AT ¥y
= AAHAG6]. o] WwHe EF JUHEE
AHEStE MRETD IPAEE e RAE HAF
ATH7, 8}

2 =8 g4 ANE BHEY H4 3
AEAF 34 WHE o)&dtd nHAY A=
Hel B3P &4 % J¥IAF AL +Y3

2 1 ARESE £2Q A2Re FAEE
Ry 2 AH AL P& n@I] A8
ve U432, Y2, 221 5% A
8 N2de) AARY WY /4SS L AT
RESS 27 FHY. go2 B wEAA AN
€ oY 54 Azse 2503 4AE 9
@ 712 H82 A48 4 Y& Aoz wud
o.

2. s 2

21 gEHAe 2IUEY

4

& gEAAE A% TP &=
FERFANL T S 2ol Jepd

Mg+ 0fa=Q (1)
O,q=7 (2)
7’:'“(0,10.),,4-*24’,,,0‘— P, (3)

o714, ML ZIFPE2 VIR g9 P50l
B, Q& g, a 19 ¥Foln, o9 iv 4
F&urA AT BaPgR] 42
~(3)°M oA e WFEL 1 WSS

€ olRFAES dish An

2/ S2HE 3 =2/ N2H/ H4E/ 19991

. 4 (el W&EE $FE Be) AXPPL F3)
A 4 (1) g8 Aoz Hagags)

B™ ¢ =B7Q (4)
o7, A& yY g o33 o] oA

i _ -1
B = [ 00.: 0,,‘. (5)

4714, 1 BA49LoIn, 0,9 0,5 oF
T3 %‘4"5}-& 049]‘ 5g3R q;°l o §t
FEYAN Z}Eiﬂm D=

22 ¥NFY ;’ejga% Ay

AYHY *Jiﬂﬂl?ﬁ SRR NEEAPR)
flenz 7‘2‘14% a=q=
ot olF 4 (4)9', %%“J’éé]ﬂ] st A3
BY PANL OdgER 2ol €& F A

BTQ()) = 0 6)

9 AolA gl .2 YEY £ Yonz, 4
©) SUAE gWol P BNy Aol
il %10“1 ol 4% ¥71 AdME el

L da’ =—(BTQ Q)

(¢ = q’+4d4q”) (€)]

q71A, & VEIAFE 9usin, FUZAL
BEY @7A FANAT 4 ()olN LnEe
g BTQY Ea#m g AaEBIge HAH
A FHPlelt FHE PAL AEHA FET

AYAE sw.% AsE A @ ¢5uH




ST AAB

o FHYY L MFNT Y

A% AYsaol s olE AMME ¢ g
el Og BAE 0T

d =B G..' 9

o g Azl e W nlEs@ thew
e BANE Feo

4 (102 4 @3 £5HFA Y o
& e geg.

B"MBg¢,+ BTMBq,— BT Q=0 (11)

71N, B 2% o149 gelmz TAlsw,
4 (128 et

B'MBg;,— BTQ=0 (12)

of 4& d¥stel 14 nEwAN Yu=
W@ e Lo

AY+BY = 0 (13)
o 7] A,
Y =( q.iT lI.'T]T (14)
T
A= [ BT(;!B —IZTACI)B:] (15)

_ pT
i =l 0 e } (16)

2] (13)e2RE TPz REEL SYHEET
oA @ AHelmzg, FHYAHNE o]&3}A F&
HBE7A] 2G4 2=dEHE FE  doh &
&, 4 (16)el Jelte zFuigte ZHHPY 3
HA] olm] F& & AMEE = Ut

3. allM

Y3 AHEHE WAl oisld Ed&
Fig. 19 Yehfith o] A28 AA=Z 17)¢]
BA9 4719 £F(Axle -box), 2832 2709 &
Z M E(wheel set)Z o]Foj# 1, FHHES
22 N2 W ZAEEZ AZAH Qg 7N
v B3EY 4L Z_ @3] 7] Y3, &4
E Qo] £% AFFAE A4 A¥d 9 =4
EZ dZ¥Y YA %1119—1 AL 2420 xgo)
X, x, y z% B BARAEE 1,645 ke m?,
2593 kg-m?, 3,068 ke-m’ oIt} o] A} 25
Atolol= A 725000 N/m2 479} AEXYE
o] iz} Al AFF Al disl AFHAL o
2(x=8.5, 'y=1 F& x=55 1y=194
z=0.877% 2=0.609¢ HAE FA3 o) wia5
o] Atk E=3, A ZA} 5 AloldlE x, y,
2% WY HAZAgol A 20, 45 025 x 10°
Nmelx, z% W 3AZFAgo] 0473 x 108
NmQl 87)¢] HAEo] Table 13 Z& 3]0
M dZH Utk FYo| A L3y Aol diA}
=4 AFFHed 27 #HAE x=1, y=0,
z=0.56%0d Fgo| A& FYAHY 34 A
= (x @2 Wl QIUN, 2=0.5553 mE
Tt

Fig. 1 Power car bogie configuration
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Table 1 Position of bushings in the

bogie
No. i connecting position [ )

parts x y z
1 1-2 8.812 1.0 0.605
2 1-2 8.188 1.0 04
3 1-3 8.812 -1.0 0.605
4 1-3 8.188 -1.0 04
5 1-4 5.188 1.0 0.605
6 1-4 5812 1.0 04
7 1-5 5.188 -1.0 0.605
8 1-5 - 5812 | -10 0.4

Table 2 Natural frequencies of the bogie

& Natural Frequencies [ Hz]

Present ADAMS
1 7.2401E+00 7.2401E+00
2 9.0752E+00 9.0752E+00
3 | 1.0439E+00 1.0439E+00
4 | 1.9459E+01 1.9459E+01
5 | 3.8674E+01 3.8674E+01
6 4.3520E+01 4.3520E+01
7 1.6311E+02 1.6311E+02
8 1.6311E+02 1.6311E+02
9 | 1.6359E+02 1.6359E+02
10 | 1.6374E+02 1.6474E+02
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Fig. 2 Power car configuration

Table 3 Modulus of coil spring between
vehicle and bogies

No. | Connecting position [ m]
parts x y z
1 12 7267 | 1025 | 09
2 1-2 7267 | -1.025 | 09
3 1-2 6733 | 1025 | 09
4 12 6733 | 1025 | 09
5 1-3 6733 | 1025 | 09
6 13 6733 | 1025 | 09
7 13 7267 | 1025 | 09
8 13 7267 | 1025 | 09
direction x y- z
Ilzt:f;';;*;j 0634 | 0151 | 0.151
“;'JS\:'T"::/S:H y | 15251 101 15251
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Table 4 Modulus of bushing between
vehicle and bogies

No. | connecting ]‘; position [ m]
parts X 5 .
1-2 7.0 0.0 0.46

2 1-3 7.0 00 | 046

x-direction stiffness [10% N/»] : 10.29
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Table 5 Static equilibrium z-positions of
vehicle and two bogies

body number Present ADAMS
1 1.2138 1.2138
2 0.50014 0.50014
3 0.50014 0.50014
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Table 6 Natural frequencies of the power

car
No. Natural Freql;encies [Hz]
| Present ADAMS
1 | 6.8304E-01 6.8304E-01
2 7.0365E-01 7.0365E-01
3 1.2243E+00 1.2243E+00
4 2.2291E+00 2.2291E+00
5 2.9714E+00 2.9714E+00
6 3.3442E+00 3.3442E+00
7 7.5942E+00 7.5942E+00
8 7.6000E+00 7.6000E+00
9 1.9350E+01 1.9350E+01
10 1.9350E+01 1.9350E+01
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Table 7 Initial positions of 5 vehicle

bodies and 6 bogies in the train system

Table 9 Connectivity and modulus of the
third kind bushings in the train

T

No. | connecting position  [m]

. parts X Ly z
1 2.7 2805 | 00 0.46
2 3-8 9.35 0.0 0.46
3 3-9 -9.35 0.0 0.46
4 4-10 . -28.05 0.0 0.46

direction X y z

T-stiffness

) 0.0 0.01 0.01
[10° N/m]
R-stiffness
X 1.66 0.0 3.32
[10°N - m/ad) |

No. ' position [ m] |
| X I y ! z
1 | 4002 | 00 1535
2 17.64 0.0 1.623
3 -0.97 0.0 1.627
4 176 0.0 1.623
5 -39.994 0.0 1535
6 46.75 0.0 0.56
7 28.05 0.0 0.56
8 | 935 00 | 056
9 -9.35 00 | 056
10 | -2805 0.0 0.56
11 | 4675 0.0 0.56

Table 8 Connectivity and modulus of the

second kind bushings in the train

|
Table 10 Connectivity and modulus of
the fourth Kind bushings in the train

No. | connecting position {m]
parts X y z
1 1-2 28.05 0.0 0.76
2 2-3 9.35 0.0 0.76
3 34 935 | 00 0.76
4 45 | 2805 | 00 0.76
direction | X y z
translational |
stiffness | 45.0 45.0 97.0
[10° N/m] |
rotational
stiffness . 2.036 2.036 2.036
[10° N - m/rad)

Table 11 Inertia properties of train parts

|

No, | connecting : position ]

| parts : X l y z
1 716 | 2820 | 1.0 | 046
2 717 2820 | 1.0 | 046
3 7-18 26.55 1.0 | 046
4 7-19 2655 | -1.0 | 046
5 8-20 1085 | 1.0 | 046
6 8-21 1085 | -1.0 | 046
7 8-22 9.20 1.0 | 046
8 8-23 920 | -1.0 | o046
9 | 924 785 | 1.0 0.46
10 9-25 785 | -10 | 046
11| 926 1085 | 10 | 046
12 9-27 1085 | 1.0 | 046
13 | 10-28 2655 | -1.0 | 046
14 | 1020 2655 | -1.0 0.46
15 | 10-30 2955 | -1.0 0.46
16 |  10-31 2955 | 1.0 | 046

direction X y z

Ils(‘;:";f;? 650 | 1850 | 65.0
: 13;;:'?":/3;1] 0.0573 | 0.0072 | 0.0573

i moment of inertia [ kg m?%]
body mass [ 4¢]
‘ T o I, I,
1 42758 55570 | 1643620 | 1697070
2 25673 33360 | 955290 | 955290
3 26373 34270 | 981340 | 981340
4 26305 34190 | 978810 | 978810
5 42648 55425 | 1639390 | 1639390
6,11 3076 2070 3260 3860
7-10 3018 | 2030 3200 3790
1235 | 10 || 05 05 05
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Table 12 Connectivity and modulus of Table 14 Connectivity and modulus of

the first kind air springs in the train

the first kind roll bar in the train

No, | Connecting position [ ] N.| Connecting ; positon [ ]
parts x | y z parts ! X y z
1 1-6 46.75 1.04 | 0810 1 6-1 46.998 0.0 0.248
2 1-6 46.75 -1.04 0.810 2 11-5 -46.998 0.0 0.248
3 5-11 -46.75 1.04 0.810 rotationa! stiffness [ Nm/rad] : 3800000
4 5-11 -46.75 -1.04 0.810
tr:;z;::g:a' ad y z Table 16 Static equilibrium positions of
stiffness 0.15 0.15 0.37 vehicles and bogies
[10° N/m] ! i Parts Number x[m) i 2[m]
1 4.0013E+01 | 1.0563E+00
Table 13 Connectivity and modulus of 2 1.7640E+01 1.0529E+00
the second kind air springs in the train 3 -0.6479E-01 1 1151E+00
N, | connecting position [ ] 4 -1.7597E+01 1.1698E+00
: parts X y z 5 -3.9993E+01 1.1102E+00
] 27 28.05 1.04 | 0810 6 4.6750E+01 5.0018E-01
2 27 28.05 | -1.04 | 0810 7 2.8062E+01 4.1066E-01
3 3.8 9.35 1.04 | 0810 8 9.3384E+00 4.1175E-01
2 38 935 | 104 | 0810 9 -9.3500E+00 | 5.5879E-01
5 39 935 104 0.810 10 -2.8050E+01 5.5888E-01
6 39 935 | 1.04 | 0810 11 -4.6750E+01 5.0065E-01
7 4-10 -28.05 1.04 0.810
8 4-10 -28.05 | -1.04 | 0.810 Table 17 Static equilibrium Euler angles
direction X y z of vehicles and bogies
[sit(';:';:/s;] 017 | 017 | 0303 No. Euler angles
¢l deg] 6[ deg] #[ deg]
1 -9.000E+01 | 4.452E-01 | 9.000E+01
Table 15 Connectivity and modulus of 2 | 9.000E+01 | 8.137E-02 © -9.000E+01
the second kind roll bars in the train 3 9.000E+01 | 2.055E:01 | -9.000E+01
conn ecting. position [ ] 4 9.000E+01 | 1.378E-01 | -9.000E+01
No. | pants 5 | 9.000E+01 | 4.102E-01 | -9.000E+01
x y z
1 2.7 28.05 00 0.248 6 -9.000E+01 | 8.739E-03 | 9.000E+01
2 3.8 935 0.0 0.248 7 9.000E+01 | 5.556E+00 | -9.000E+01
3 3.9 .35 00 0.546 8 | -9.000E+01 | 5.432E+00 | 9.000E+01
2 710 28.05 00 0.248 9 9.000E+01 | 2.763E-04 | 0.000E+00
- 10 9.000E+01 | 1.636E-04 | 0.000E+00
stiffness [ Nm/rad) . 3780000 :
11 | -9.000E+01 | 9.190E-04 | -9.000E+01

BRI =F 8 /H2A W45/ 19994 /7



“Table 18 Natural frequencies of the
5-vehicle system

frequency [ Hz]

No.
proposed ADAMS
1 4.1511E-01 4.1521E-01
2 4.3321E-01 4.3326E-01
3 5.7218E-01 5.7224E-01
4 6.9144E-01 6.9152E-01
5 7.4126E-01 7.4126E-01
6 7.7231E-01 7.7231E-01
7 8.1825E-01 8.1825E-01
8 |  8.3725E-01 8.3732E-01
9 |  9.1798E-01 9.1798E-01
10 9.6098E-01 9.6118E-01
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