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A Study of Dynamic Characteristic of the Leaf Spring
for Freight Wagon After the Derailment
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Fig. 1. Experiment of the derailment
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Fig. 2. Derailed bogie and the leaf spring
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Fig. 4. Hysteresis curve by infinite elements
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Fig. 5. Actuator and the leaf spring
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Fig. 6. Static hysteresis curve of leaf spring
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Fig. 7. Dynamic hysteresis of leaf spring

Fig. 8. Modeling: unload (a: Coulomb's friction, b: modification,
¢: statical characteristic curve)

HRRe FAEA2AY B9Y 492 AFT & Uk
2EaRPAN 5L BEHOR 1% ve A JH=
Folghe W WEolAE AL TH Aole] £4o
YRE FRFRe BAYSe] AR A gk
MEURER[S]= 2 @74 939 2948 £4% v
2 =RAAE o] Ae Blsdth
AFAY QTAFE A2 AL EATHS
42 244170 POPPISTLL 2 2Ze) 7Hg & 2
7_(_4'
o

L
R NEE EEREXE R ERER

=

nl@dHo) ¥|3) BAEAZZPL 3Fo] A& Wake B
Ad2RE & F vk

43 vl dlFo] Wl ATE AL
Aelste] AZ o AFAFe v vadalS HUskAd
i, AGAEE AgA 9 vlaske deprgE d9s
(Fig. 8|41 4 b; IE-& z2tx 31H FAHES 2702 n~
1/86l14} 1/12 Alo]9] ghoth)

Fig. 8¢] 2} 34L& ofgs} 2o Hoz FPT % itk
(Fr: 253928, F: 4%, F : 42347034, P -
AABE, £ A wpEE)

P=F,+F;+F3 (HA3) )
Fi=fi+fy+7fs (E359H2Y) (6)
di=—olz1= )2, dymerf 2 b,

dy=erfi-fs EE ), ™

Fi= = ex (—L%)—ex (- .
1T 2 P g0 PR 67

)

f7 d fr
e )
fa= *—5(2—21)“fr‘/_7_f(d3“d2)

- (—czl+fr)2 _ %
+ vV 20exp( e ) exp( P
B o111 —cz,+f,
f3— C(Z 21) 9 + 9 e?’f( 20_2 )5 (8)
218 s
Fzzfr Z ’ (Txélﬁo]—) (9)
F3:k122+k22+k3- (16]33171:}‘}’:‘2—}\\_) (10)



2 3 JEIAY YHADY SEEM A7

140 T T T T T T
120
100|-
£ oo
[-9
T o
0l
20}
% 90 20 a0 40850 60 70 80 80

Deflection z/ mm

Fig. 9. Static (*: measurement, -: simulation)
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Fig. 10. Dynamic (*: measurement, -: simulation)
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Fig. 11. Dynamic hysteresis curve of leaf spring through simula-
tion
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Fig. 12. Compare with the mode!l in this paper and exponential
approximation
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