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An Optimization Algorithm to Compute Pre-Loads of
the Given Static Equilibrium State in Train Dynamics
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Abstract

This paper presents a new algorithm to determine the pre-loads that sustain the static equilibrium
state in a given position. The algorithm which uses a partial velocity matrix leads to an
unconstrained optimization problem to compute the pre-loads of the suspensions. To demonstrate the
validity of the proposed algorithm, the static analysis results that employ the pre-loads of three
examples are presented using a reliable commercial program. Results of the analysis confirm the

validity of the proposed algorithm.

Keywords : Static Equilibrium State( g %5 & 4 &)), Pre-load(Z >]3}5), Train Dynamics( G2} &3P,
Partial Velocity Matrix(H<5 3 ),
Unconstrained Optimization Problem( 75228 A e 3 #A4)

1. M2 oo A¥e FPHA YT A AY 7
ZA 9AANS e V&9 FEAEF 2o
@2 Azt go] EXEDY 22y 59 £ TGVS & BAY yie N I53

ez 428 A% ABAN2YY 28 F B FS FHNEY Fue] Amss Al
Ashe ANAA Az gAEC FAPYYH  PASIE B A2 Fig 1 Brlese) &

g fA%7 AsAe @rhazd osl 2Ael  JsEe msAl 2e TGV 53 wAR
ARANE 27185 2 AR U B ol ADAMS/Railll]e) $j4@HE Rz

BE dZets A Paz Bk E=9 YuHo Aeaide] o Wrhasel xrlaFdl o
2 5H4E A8 Foide @A9 Arhas A4S SUSA wE ¢ T oY sFol
Sl U® ARolE @rtaxd xolskgel o =A ReSE BIY oY 23 FEPAe
& Ausk Aol Qv W HYE £ SAR U D FAAA Ao Hls) S ol
7 AAE WEA Fold AN IAFY  os Aohd FEe 2A He HAL sy

FEHE FAIATIZ] AE iMool dgE oo T A g0k olst BHEF AFE Park F[2]&
ZIAA 2" o] da] FA AN FHAPEH Y

1 Ase, dFATR J)ALGAG e

2 ANy, dFUsn sAdAtY ke g fAEY] A8 &% 91 HE A Zolg
3 A3, fgdgtm TR 2as Adstgct. stAgt drtas F 24 (bushing)

*4 349, KIST, EglojE24 d74de dddrd

GREL S =EH /H2AH, H3B/ 19994 /9



ort anelymtane S Troe= 0.4001 Framea22

r

Fig. 1 Case without Considering Pre-Loads of
the Suspension
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Fig. 2 A Linear Spring between Body i and
Body j
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Fig. 6 The Bogie System Configuration
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Table 1 Initial Bogie System Parts Position

body position [ ]
X Y VA
1 7 0 0.56
2 8.5 1 0.46
3 8.5 -1 0.46
4 5.5 1 0.46
5 5.5 -1 0.46
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Table 2 Inertia Properties of Bogie System Parts

t of inertia [ kg m?
body fmass [ kel rr}o:en of 1n1e'ri‘:v1a [ gr?l
1 2420 1645 2593 3068
2~5 10 5 5 5

Table 3 Connectivity Information and Modulus of
the Springs in the Bogie System

position [ m]

No. conngcting
bodies X Yy z
1 8.5 1.0 0.877
! 2 8.5 1.0 0.609
1 8.5 -1.0 0.877
2 3 8.5 -1.0 0.609
1 5.5 1.0 0.877
3 4 5.5 1.0 0.609
1 5.5 -1.0 0.877
4 5 5.5 -1.0 0.609

spring constant @ 0.725

Table 4 Connectivity Information and Modulus of
the Bushing in the Bogie System

No connecting position [m]
’ bodies X Y VA
I 1-2 8.812 1.0 0.605
2 1-2 8.188 1.0 0.4
3 1-3 8.812 -1.0 0.605
4 1-3 8.188 -1.0 0.4
5 1-4 5.188 1.0 0.605
6 1-4 5.812 1.0 0.4
7 1-5 5.188 -1.0 0.605
8 1-5 5.812 -1.0 0.4
direction X Y 4
T-stiffness 20.0 45 0.25
T-damping 0.122 0.037 0.003
R-stiffness 0.044 0.03 0.473
R-damping 0.0003 0.0 0.0062
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Fig. 7 Displacement of Bogie in the Direction of Z
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Table 5 Initial Power Car Parts Position

body position [ ]
X Y Z
1 0 0 1.72
2/3 7/ -7 0 0.56
4/5 8.5 1/7-1 0.46
6/7 5.5 1/ -1 0.46
8/9 -5.5 1/7-1 0.46
10/11 -8.5 1/7-1 0.46

Table 6 Inertia Properties of Power Car Parts

body | ™A moment of inertia [ kg m?]
[ kg] I I, I,
1 54960 59400 1132800 1112900
2~3 | 2420 1645 2593 3068
4~11 10 5 5 5

Table 7 Connectivity Information and Modulus of
the Vertical Oil Damper in the Power Car

connecting position [m]
No. .
bodies X Y 7

1 1 6.065 1.160 1115

2 6.065 1.160 0.978
5 1 -7.935 1.160 1.115

3 -7.935 1.160 0.978
spring constant : 20

damping coeff. : 0.02

Table 8 Connectivity Information and Modulus of
Anti-Yaw Oil Damper in the Power Car

No connecting position [m]
) bodies X Y z
1 1 7.743 1.285 0.525
2 7.000 1.285 0.510
2 1 -6.257 1.285 0.525
3 -7.000 1.285 0.510

spring constant : 20
damping coeff. : 4.23

16/et=Eess| =28 / M2d/ HM3=/ 19994

Table 9 Connectivity Information and Modulus of
the Horizontal Oil Damper in the Power Car

connecting position [ ]
No. .
bodies X Y Z

1 1 7.0 0.51 0.740

2 7.0 1.03 0.722
P 1 -7.0 0.51 0.740

3 -7.0 1.03 0.722
spring constant : 20
damping coeff. : 0.1

Table 10 Connectivity Information and Modulus of

the Bushing
connecting position [m]
No. .
bodies X ' 7z
1 1-2 7.0 0.0 0.46
2 1-3 -7.0 0.0 0.46

X -direction T-stiffness : 10.29

Table 11 Connectivity Information and Modulus of
the Elastic Bearing

connecting position [m
No. .

bodies X Y VA

1 1-2 7.267 1.025 0.9

2 1-2 6.733 1.025 0.9

3 1-3 -6.733 1.025 0.9

4 1-3 -7.267 1.025 0.9

direction X Y Z
T-stiffness 0.634 0.151 0.151
T-damping 0.004 0.0013 0.0042
R-stiffness 152.51 10.1 152.51

R-damping 22.9 0.008 2.0
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Fig. 9 Displacement of Power Car System in
the Direction of Z
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