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A Study on the Wheelset Behavior on the Roller Rig for Railway
Bogie Testing
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Abstract

The critical speed of railway bogie related to the stability of the railway rolling-stock is important.
Testing of the dynamic performance of bogie is conducted using a roller rig in a laboratory in place
of field testing on track. This roller rig is composed of two rollers equivalent to track and used to
test the dynamic characteristics of vehicle. But, the geometrical characteristics of the wheel/roller
contact on the roller rig are different from those of the wheel/rail contact because the longitudinal
radius of roller is not infinite compared with rail. This difference has influence on the wheelset
behavior and the critical speed of bogie.

Therefore in this paper, we have studied the behavior of wheelset and bogie on the roller rig for
railway bogie testing with the purpose of developing the scaled roller rig. As an analysis results, it
has been shown that the critical speed of bogie on the roller rig is slightly lower than that of bogie
on track.
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Table 1 Input data for contact geometry analysis

part wheel roller rail
parameter
profile KNR20 | 60kg rail | 60kg rail
diameter(mm) 860 1376 Inf
axle load(ton) 8 - -
rail/roller inclination(deg 1/40 0 0
flange back distance(mm) 1354 - -
gage(mm) - 1435 1435
yaw angle of wheelset 3 0
(deg)

42991 5m ol tha S71E wolw Tk
Ak ol 29 HE AN A TEMAe

b Holil Slee &

UNO

Al Z*éoﬂ@oﬂﬁ o Eom k. &5
E7E Fig. 8ollM ek el &
T7ehe 22 A Hola glrt. ©
Aw/Ad AEEd0l 59 a7 o°, Al
2He 1/402 71gste] s gk Aaelel wste] 2w/
Axd AF2AS 859 275 3, dde) BH=
0% 7H43 Aafe] 71k Ad2 2 4 Ao
A AEAAM ] HFEAL Fig. 99} ol A
/A el vlste] Aba/AEERt 1S
EfaL 9Tt ofi= Hertz H5o
A AR E o] Aoy vt
1 o] AEFS 683mme] 3wk
dateh & 5 v
w2/ AE=wRE 71skek ] S5 A/
H Azt 7]sker HH5Ael wske] &
of WE SWA HFe] FdA HED
Cha A sk o] = ]lste] )t

601:

i

v 9EFE MEHe & 7 dd. 1T &
T FFE AFHAM Y HE5HE HEtR o= H=F
R ol A o] AgnbA st Tk ko] vlg, HEH A
of MstE zefste] A=r HASAA e 2HH Al
of WM3tE ForA 59 el &= vA
Hrt.

Rolling radius{Rh, mm)

---- Wheel/Rail
— Wheel/Raoller

-10 -2 -6 -4 2 o 2 4 4] 2 10
Lateral displacerment(rmm)

Fig. 5 Wheel rolling radius(Rh)

25
T wheelPail
20| — whesiRolier
£ 1sf
£
= 1o}
[
8 sf
5
2 op
ES
ERE
=
o
o -0}
=
&£ -5}
ol
25 . . . . . . . . .
o = s 4 2 ] z 3 ] E] 10
Lateral displacerment(rmm)
Fig. 6 Wheel rolling radius difference
70
- wWheelmail
— WheslFoller
ol
— s}
g
]
T ot
3
=
2
=l
E
£
s
< 20
1ol
o ! | ! \ ! ! \ . .
a0 8 . ER 0 2 4 3 ] 10
Lateral displacement(mm)
.
Fig. 7 Contact angle(Rh)
0.8
— WheslFoller
0.8}
0.4t i
E
z
= oz} i
E
5
) 1
=
2 g0z 4
3
£
o4t i
06 E
08

. . L L . . . . .
-0 ] & < 2 [i} 2 4 g E 10
Lateral displacement{mm)

Fig. 8 Wheelset roll angle

1209



20
---- Wheel/Rail
o [l— whesiRatler | ]
7O
“E el
=
£ sof
=
=3
© a0l
2
Sseo0r T
o
20
10k
a . n " . . . n .
-10 =] -6 -4 2 o 2 4 <] 2 10
Lateral displacerment(rmm)
Fig. 9 Contact area(Rh)
620
~-- Aight
— Left
68y
E 686
£
a
= eedf
=
=3
£
E B2 |
5
£ em|
678
&76 . . n " . . . n .
-10 -2 -6 -4 2 o 2 4 <] 2 10

Lateral displacerment(rmm)

Fig. 10 Roller rolling radius

&%
goz A4
FrEAe]
zYe A,
#dHA C,

2C

T

Fig. 11 Bogie model

-y

59 LA A1) dor Wi &F
WA A9 2o 7N Fe A"E,
M. = AdnodeES el @O

my; — F;ﬂ- + Ez ........ (1)

[1/]7 = MZi + ]‘Isz

Mbyz‘ = = Egl - Fs2 ........ (2)

[blz;b: *Fy = Fy— My — My,
o] 7] A,

Fy= fl;LWw,-,—z),,) 1 o+ I;fL)
+ flf/’*’<vw,-,—z),-,)+ fl;’*’(—w,f— I:,j’*’)
w= P ) - Dy )
+f2—f}(—zbi+ VTfL) —f%’ja( Tfﬂv+az/3,-,)
~ L =iy + 222 - 2

Fg= _2](g/yi - 26;,.%
M, = —2K, b27/’i_ 2be2¢i

32 AR/MAEZE §EZUOAM 25 ZH

&50] Fig. 129} Zo] FAAY ] AXEY
oNA et A oW AHE/EY A
% zel Hlgte]  Aoldk HE&  AYHA
(creepage) AFEA] HEFHAA S AxFe] FEHE
74 Aol mkdEo] 2 3)3 ol E¥Y, AW
RedE #AxFE FENE ol FUHES ¢
o =9, ARERAA &5 yaw &5
MY EeHE AdEo] A A H= b
decrowning moment(M )2t s 2 (4
rdE

1—4_|

N

m o lo R
B ﬁb;ﬁ

joint
boge — |
wheelset

L

roller

Fig. 12 Roller rig

1210



fl]L f]lR
i 7 (Vi —y) + = (Vi —y)
fror - Vo v "L TR
+—V( P+ - E((;L % )
fior - Vo V L7 TR
P g o))
fura, RV rV f12r
for - Vo V L™ TR
Jr7V(7¢’Jr i 7E( Lt 94 )
Jfura  RpV 1RV : Jom
% ( R, T awi) % (Vdj,‘, y/)
for Vop v "L TR
T e S R )
........ (3)
Ip, = M+ M+ My, ceeeeee (4)
W021/1i
719N, Mpe= ———
NN, Mpe=
4. AL AEZE A
4.1 AAEE il A
AAd AN &F, dzte] EEdgs 24
& OgoR WA QASE AE e 9Astel
FANA S Fasdt. FANNe 27 G
Aol thgt Aol nhE Al by sets
e Agstgon, FAHN 28 B
AL AYLE Table 13 vk FAEAS A9
g AEA LR sehe e nAY Sy
= Rbgst] Slste] ddeA 3k ApE/e L
ARAZEE NFAA AFEY AN AnE
&3kt
Table 1 Parameters used for simulation
parameter description value
m; wheelset mass(kg) 1,600
M, bogie mass(kg) 2,400
A wheelset moment of inertia(kgm’) 550
1, bogie moment of inertia(kgm’) 21,000
w, axle load(N) 80,000
Ty wheel radius(m) 0.43
R, roller radius(m) 0.688
b half of the primary spring(m) 1.0
c half of wheel base(m) 1.05
K, longitudinal stiffness of spring(N/m) 6.6¢°
K, lateral stiffness of spring(N/m) 4.4e8
a,. longitudinal damping of spring(Ns/m) | 3,600
G, lateral damping of spring(Ns/m) 3,100
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