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(Static equilibrium and linear vibration analysis
of a high speed electric train system)
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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 vehicle, and a train system which consists of five vehicles are analyzed, respectively.
Natural frequencies and a few lowest mode shapes of the three are identified in this paper.
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Table 1 Connectivity ' and position of
bushings in the bogie

Table 2 Natural frequencies of bogie

: No Natural Frequencies [ Hz]
No connecting position [m] ) Present ADAMS
| parts x y z 1 7.2401E+00 7.2401E+00
1 1-2 8.812 1.0 | 0.605 2 9.0752E+00 9.0752E+00
2 1-2 8.188 1.0 0.4 3 1.0439E+00 1.0439E+00
3 1-3 8.812 -1.0 | 0.605 4 1.9459E+01 1.9459E+01
4 1-3 8.188 -1.0 04 5 3.8674E+01 3.8674E+01
5 1-4 5.188 1.0 | 0605 6 4.3520E+01 4.3520E+01
6 1-4 5.812 1.0 0.4 7 1.6311E+02 1.6311E+02
7 1-5 5.188 -1.0 0.605 8 1.6311E+02 1.6311E+02
3 1-5 5.812 -1.0 0.4 9 1.6359E+02 1.6359E+02
10 1.6374E+02 1.6474E+02
Table 3 Connectivity and modulus of
coil spring between vehicle and bogies
- — Table 4 Bushing connectivity and
No, |connecting| _ position [m] modulus between vehicle and bogies
parts x y z ; wos
1 12 7967 | 1025 | 09 No, |connecting| _ position [m]
2 1-2 7.267 | -1.025 | 09 parts x y z
3 1-2 6.733 | 1.025 | 09 1 1-2 70 | 00 | 046
4 1-2 6.733 | -1.025 | 09 2 1-3 -70 | 00 | 046
5 1-3 -6.733 1025 | 0.9 x-direction stiffness [10° M/m] : 10.29
6 1-3 -6.733 | -1.025 { 09
7 1-3 -7.267 1.025 | 09
8 L ,1_3 ~7.267 | ~1.025 | 09 Table 5 Static equilibrium z-positions of
direction x y 2 vehicle and two bogies
T S?ffness 0.634 0.151 |0.151 body numberj Present ADAMS
éw ‘f\f’/ m] 1 12138 1.2138
-stiffness 2 0.50014 0.50014
(105N« mivad)| 2200 | 101 j19251 3 050014 | 0.50014
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Table 6 Natural

modified power car

frequencies of the

Table 7 Initial positions of 5 vehicle
bodies and 6 bogies in the train system

No. Natural Frequencies [ Hz] No position { m]
Present ADAMS ) x y z

1 6.8304E~-01 6.8304E-01 1 40.02 0.0 1.535
2 7.0365E-01 7.0365E-01 2 17.64 0.0 1.623
3 1.2243E+00 1.2243E+00 3 -0.97 0.0 1.627
4 2.2201E+00 2.2291E+00 4 -17.6 0.0 1,623
5 2.9714E+00 2.9714E+00 5 -39.994 0.0 1536
6 3.3442E+00 3.3442E+00 6 46,75 0.0 0.56
7 7.5942E+00 7.5942E+00 7 28.05 0.0 0.56
8 7.6000E+00 7.6000E+00 8 9.35 0.0 0.56
9 1.9350E+01 1.9350E+01 9 -9.35 0.0 0.56
10 1.9350E+01 1.9350E+01 10 -28.05 0.0 0.56
11 -46.75 0.0 0.56

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

No connecting position [ m]
) parts X y z
Table 8 Connectivity and modulus of 1 277 2805 | 00 | 046
second kind bushings in the train 2 3-8 9.35 0.0 0.46
: - 3 39 | -935 | 00 | 046
No, |connecting|  position [] 4 | 4-10 | -2805 | 00 | 046
parts X y z direction X y z
1 7-16 28.20 1.0 0.46 T-stiffness
2 | 7-17_| 2820 ] -10 | 046 [(105a7m) | 00 | 001} 001
T T oo Restifiness | 165 | 00 | 322
n ] T _ 6 a7, . ) ;
5 | 820 | 1085 ] 10 | 046 [10°N - m/rad]
6 8-21 1085 | -1.0 0.46
7 8-22 9.20 1.0 0.46 Table 10 Connectivity and modulus of
3 8-23 920 | -1.0 0.46 fourth kind bushings in the train
_ 9 9-24 -7.85 | -10 | 046 connecting position [m]
10 9-25 -78 | -1.0 0.46 No. parts X y Z
11 9-26 -10.85 | -1.0 0.46
1 1-2 28051 0.0 0.76
12 9-27 -1085 | -1.0 Q.46 -
2 2-3 9.35{ 0.0 0.76
13 10-28 -2655 | -1.0 0.46 3 3-4 2935 00 076
14 10-29 -2655 | -1.0 0.46 - "y y y
4 4-5 28.051 0.0 0.76
15 10-30 -2955 | -1.0 0.46 directi
6 | 1031 | -2955 | -1.0 | 046 rec2on 2 Y =
1 — - : - translational
Tduch?on X y z stiffness 450 450 | 970
—Si ness 6
650 | 1850 | 65.0 [10° N/m)
[10% N/m) rotational
R-stiffness stiffness 2,036 | 2.036 | 2.036
0.0573 | 0.00721 0.0573 ) ) '
[10¢ N m/rad) [108 N - m/vad]
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Table 11 Inertia properties of train parts

Table 12 Connectivity and modulus of
first kind air springs in the train

moment of
mass
body kel inertia [ kg m?]
T T I, | T
1 42758 | 55570 | 1643620 | 1697070
2 25673 | 33360 | 955200 | 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
12-35 10 05 05 05

Table 13 Connectivity and modulus of

second kind air springs in the train

No connecting position [ m]

parts x y z
1 2-7 28.05 1.04 | 0.810
2 2-7 28.05 | -1.04 | 0.810
3 3-8 9.35 1.04 | 0.810
4 3-8 9.35 | -1.04 | 0.810
5 3-9 -9.35 1.04 | 0.810
6 3-9 -935 | -1.04 | 0.810
7 4-10 -28.05 1.04 | 0.810
8 4-10 -28.05 | -1.04 | 0.810

direction X y z
stiffness 017 | 017 | 0303

[10® N/m] ' ) '

Table 15 Connectivity and modulus of

second kind roll bars in the train

No. connecting position [ ]
parts x y z
1 2-17 28.05 0.0 0.248
2 3-8 9.35 0.0 0.248
3 3-9 ~-9.35 0.0 0.248
4 4 - 10 -28.05 0.0 0.248
stiffness [ Nm/rad] : 3780000

No connecting position [ m]
parts X y z
1 1-6 46.75 1.04 | 0.810
2 1-6 4675 | -1.04 | 0.810
3 5-11 -46.75 1.04 | 0.810
4 5-11 -46.75 | -1.04 | 0810
direction x y z
translational
stiffness 015 | 015 | 037
[10° N/ m)

Table 14 Connectivity and modulus of
tirst kind roll bar in the train

No. connecting position [m]
parts X y z
1 6-1 46998 [ 0.0 0.248
2 11-5 -46998 | 0.0 0.248
rotational stiffness [ Nm/rad]: 3800000

Table 16 Static equilibrium positions of

vehicles and bogies
Nizlr:)ser x[m] zlm]
1 4.0013E+01 1.0563E+00
2 1.7640E+01 1.0529E+00
3 -9.6479E-01 1.1151E+Q0
4 -1.7597E+01 1.1698E+00
5 -3.9993E+01 1.1102E+00
6 4.6750E+01 5.0018E-01
7 2.8062E+01 4.1066E-01
8 0.3384E+00 | 4.1175E-01
9 -9.3500E+00 | 5.5879E-01
10 -2.8050E+01 | 5.5888E-01
11 -4.6750E+01 | 5.0065E-01
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Table 17 Static equilibrium Euler angles Table 18 Natural frequencies of the

of vehicles and bogies S5-vehicle system
24y No frequency [ Hz]
No. ) proposed ADAMS
¢ldeg] | 6ldeg] | #ldegl 1 41511E-01 | 4.1521E-01
1 1-9.000E+01} 4.452E-01 | 9.000E+01 2 4.3321E-01 4.3326E-01
2 | 9.000E+01j 8.137E-02 [-9.000E+01 3 5.7218E-01 5.7224E-01
3 9.000E+01| 2.055E-01 |-9.000E+01 4 6.9144E-01 6.9152E-01
4 | 9.000E+01] 1.378E-01 |-9.000E+01 5 7.4126E-01 7.4126E-01
5 | 9.000E+01]| 4.102E-01 |-9.000E+01 6 77231E-01 77231E-01
6 [-9.000E+01]| 8.739E-03 | 9.000E+01 7 8.1825E~01 8.1825E-01
7 | 9.000E+01 | 5.556E+00 {-9.000E+01 8 8.3725E-01 8.3732E-01
8 |-9.000E+01 5.432E+00 | 9.000E+01 9 9.1798E-01 9.1798E-01
9 | 9.000E+01] 2.763E-04 | 0.000E+00 10 9.6098E-01 9.6118E-01
10 | 9.000E+01| 1.636E-04 | 0.000E+00
11 |{-9.000E+01]| 9.190E-04 |-9.000E+01

1
z 2
10,11 8,9 6,7 45
z
Fig. 1 Power car bogie configuration RN E—
- =
Yy

34,35 32,33 30,31 2829 26,27 24,25 \‘ X 2021 18,19 16,17 14,15 12,13

T3

Fig. 3 Configuration of the 5-vehicle train
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