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An Analysis of Running Stability of 1/5 Small Scaled Bogie on Small-Scaled
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28 A=A 54 A% R AN 52 S BYHA 54 oldsy] skl AT
B, T, AR FolME Fand A% L AYgsks P AFE Bl Batel Ao
= Foshs el AeHR vk A% FRe 54 AFe Ut AgAn TH we ge
g3 AZbe g, dEa AR B3 839 ey To wAIAel WASA Ak oHd diEe
FHSA AR E S A8 FaoA 29 olgste] 54 AW D AFE ABdIAS B A4
A ATE FASIL ATh B AT AFBHAANRANEE o] 88 15 FaAe] FAREAY AF
oM A2 gel AT ANEDL o] gste] FaALA Gl v ) 33 2

Abstract: To predict the dynamics behavior, running stability, etc. of a railway vehicle and to understand its physical
characteristics, analytical methods are used for the testing and manufacturing of a scale model along with numerical simulations
in developed countries (England, France, Japan, etc.). The test of the dynamics characteristics of full-scale models is problematic
in that it is expensive and time-consuming because an entire large-scale test plant needs to be constructed, difficulties are
involved in the test configuration, etc. To overcome these problems, an analytical study involving dynamics tests and computer
simulations using a scaled bogie model that applies the laws of similarity was carried out. In this study, we performed stability
analysis on a 1/5 small scaled bogie for parameters such as the running speed and carbody weight by using an analysis model.
Furthermore, we verified the reliability by using a small-scaled derailment simulator and examined the dynamic characteristic of
the 1/5 small scaled bogie.
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g2= INRETS, 5% DLR, "5 FRA, /iyttt NRC, €7 vlud F 9l FIEE, A4 sts9 2 7}
OIELFJOF«] Torino W8t ol FAEAS o8 A WHFE HAAst 1/5 Fadxke] F4A4A
& AF7F A AP H g =3, ]9 As Fsia, 1o mE 54 5A4S AE
HE 7oA BRI Y AATe] wE & gk
PAlEH Y & Ade AAE ARl
weto] Aol A 5% = dHolH et ARl 2. Szl
frAbetth e HaiE 3l

S AEE Aed Fada, Fae 21 SAVIE
g s &8 AP 2 A #dbste] A4 FaRD APAPINE ARzt shs 54
e xale A3, JAdRT 500 15 24 pm WEA BERE GAPHACl ASkE L Yk BE
o] Zaga Rdy Exagixte] dAEEE Ay S9c e GAbE A Aed = gl 5
7] A3 FadA A R afeles Haste] 8 FAekIECl wieke] dapuEel Asisa, oy
Zoagzte] g dAEEE A, 15 24 AT AT 24 AREIITE Table 1 2 A,
PR Ha FAEDS A, Adste] xy F  BE AEDG 54, AW St 2ol A7l ety
YA Faatgdnt, aey, B dpse =2 o sk 71 AT Sl AR 43(Scaling
WAkl B4 Sxol G A WA 5 Qe g factonZk ofRAl 2R EA] BefE
A AR 244 9 wA 54, AgAz Dickd = AFe] g9 €1 e 54 o
5ol FA A 5 5o AUsA melsx & 0 TE THAHASE 9 A AHE AREsha AL
T o= AWt %—1( Jo] A&}t L) 8k o] #AS Egol stol v st el gk
HuotdATAE ] 1/5 2 FRe M A Scaling & A|%=3}$1 3 Full scale 223} 4 22
FeolE 2 Mustel FYRPAY NFE sPetn B WAS TASUT. Pascal & Asio]E} A
glom A|EAY B o|=A HA AT W WAE #HUY A9 S HHoR AxFEe 4
I Ass AlE 2 A mas 2Es o LAk ) o] & F4& FIANIUYE FdE o AFAle] @
91}, A& Srmoll BRIt Jaschinski = A=Ak v

B o= Ao AAE e gy A F4E olE3 HAdd WA geds AT
OlE|Z o] 83t 15 Zauiate] FalolAA Ao SFLA & RS dgsglon pEe] At
A Aol Azd OHHD go olgatary, e o WS HFO] Scaling & A=A
obgAel mlAE WANE F AAl THH e Te ols AN S TETbS s Aie)
PGB olHote] AFAT} oMmow  BAAATE #ol Al Fa el AL HA

Table 1 Comparison of similarity rules
Scaling factor Iwnicki Pascal Jaschinski J;f(l;;g:l:;

@, length ) ) ) )

@, time 1 @ Jo Jo

@; frequency 1 1/® 1/ \/$ 1/ \/$

@, velocity D 1 Jo Jo

®, acceleration () 1/ ® 1 1

@, density 1 1 1 0.6

®,, mass @’ @° @’ @2

®, inertia @3 @’ @3 X))

O elasticity 1 1 1 3

®,, weight P° o8 D, 2

@y force ®* @? @’ @2

@, stiffness @’ ® ®° 0.6 ®°

@, damping @* @’ @*3 0.6 ®*°

@, friction 1 1 1 1
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g e E7E AL ol Q1E HARY 221/5 5429
TN LA & Folle A 7ol A& 1/5 SaRd 9o, & AFdA= B2Ehd
HA e ddo] TASHA "ok 53] A W (Bolsterless) B} 2] AvlS35 22k tix}el MAN
o] A4&HA ¢e F4& BPY &FF2 AE/dd xhE o= F FAIge] A8H 15 H4
HEHAAM Y Ay S0 g FARgEd=E o xE AAgetdith Fam, Are] AAY S
TS A XA Hr) kel Y 4 As 54 AdFE FHHL
w2} A Full scale tHx} 2213} Scale model TXF 2 3= MMU 9 S. D. Iwnicki & AAF 71HS &
2d Zrol= e AbE Evkethal & 4 QL gotlom, AHE 1/5 FAaUAY FeAY, &
t}h olo] that theto R Jaschinski & AE 2] EA 32, 7+ stepulEel gk Al Table2 9F 72t}
S WA A 7IHE AL ZA Full AGs o A 1/5 FA4UA= Fig. 1 3 22

scale 2} EEloAe A&E/HY HE5 EA
g ZAEE AANS A EE7] = Bt

o, o]& &&sto] FHAAAL Aol Tt &
FEdAFd oY AdA = A4 Aederls

Table 2 Design specification of small scaled bogie

Description Full sc.:ale Similarity index Small scaled bogie
bogie (1/5)

Length of bogie frame [m] 3.606 1/® 0.7212
Width of bogie frame [m] 2.268 /@ 0.4536
Height of bogie frame [m] 0.897 /@ 0.1794
Wheelbase [m] 2.5 1/® 0.500
Diameter of wheel [m] 0.914 1/ @ 0.1828
Mass of carbody [kg] 54,970 1/ @ 439.76
Mass of bogie [kg] 3,500 1/ @ 28
Mass of wheelset [kg] 2,650 1/ @ 21.2
Gauge [m] 1.435 1/ ® 0.287
Bogie mass moment of inertia, I, [mgm?] 1.58 /o 0.0005056
Bogie_ mass moment of inertia, I, [mgm?] 1.6 1/ 0.000512
Bogie mass moment of inertia, I, [mgm?] 3.01 1/ 0.0009632
Wheelset mass moment of inertia, I, [mgmz] 0.865 1/ @° 0.0004352
Wheelset_ mass moment of inertia, I,,[mgm’] 0.003 /o’ 0.00000096
Wheelset mass moment of inertia, I, [mgmz] 0.865 /@’ 0.0004352
Primary suspension_spring constant, K, [ MN/m] 0.379 1/ @ 0.003032
Primary suspension_spring constant, K, [MN/m] 0.379 1/ @ 0.003032
Primary suspension_spring constant, K, [MN/m] 0.758 1/ @ 0.006064
Primary suspension_vertical damper damping coefficient [MNs/m] 0.03 1/ @ 0.00024
Primary suspension_bushing, K, [MN/m] 16.0 1/ @ 0.128
Primary suspension_bushing, K, [MN/m] 4.0 1/ @ 0.032
Primary suspension_bushing, K, [MN/m] 0.142 1/ @ 0.001136
Young's modulus [N/m? ] 2.07E11 1/1 2.07E11
Wheel thread profile KNR40 Wheel (1/5scale)
Roller head profile KS60 Rail (1/5scale)
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Fig. 2 Small-scaled derailment simulator
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Fig. 3 1/5 scaled bogie designing considering weight

Fig. 4 3D model of 1/5 small scaled bogie using Pro-E
program
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Fig. 5 Actual photos of 1/5 small scaled bogie primary
suspension

Fig. 6 3D model of 1/5 small scaled bogie primary
suspension using ADAMS/View program
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Table 3 Analysis conditions of running stability

Category |Parameters |Analysis conditions Remarks
from 40km/h
Case 1 Running +2 km (1/5 scale) (1/5 scale)
Case 2 speed | o okm (1/5 scale)
0,
Full load (100%) carbody
Carbody 0 weight :
Case 3 weight Half load (50%) 439.76ke
Empty load (0%) (1/5 scale)

Fig. 7 Analysis model using ADAMS/View program
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Fig. 8 Lateral displacement of front wheelset of 1/5
small scaled bogie — Case 1
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scaled bogie — Case 2
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