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Abstract: It is difficult to predict derailment with the existing derailment coefficient like Nadal's formula which is
based on the contact forces between one wheel and rail. A new derailment coefficient model developed on a wheelset
is able to make a better estimate about the climb derailment, slip derailment, roll over derailment, and mixed
derailment types of these. Moreover, not only the mechanical factors considered in the existing derailment coefficients
but also other various factors affecting derailment such as wheel unloading and loading, diameter of wheel, and
locations of axle-box bearings can be covered with this new derailment coefficient model. That is, the derailment
patterns which couldn't be solved with the existing formulas such as Nadal's and Weinstock's models can be analyzed
with this wheelset derailment coefficient model because of considering various factors causing derailment. Finally, the
validity of the new derailment coefficient model is verified using dynamic model simulations.
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Fig. 1 Free body diagram of a wheelset for theoretical
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Fig. 2 Free body diagram of a wheelset for theoretical
dynamic model using measured data(Climb-type)
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dynamic model by measured data (Slip-type)

T A A

1 e AR e 5
EESEEIEE SRR
(

20), QHEH-E F38HH

o

ol
-

(2o
N

3

=
)
to o
o,
» b2
e e

-

]

™

7459 Rr, Rp=
(23), (24)F £},

LA [ A )
J

1z

Rp=—2 "1 > (25)

(Pp+ 11Qp)cosa— (Qp— pPy)sina
= (14 %) cosax =0 (29)

kA S 2H(PLQLPR,Qr)S ©]1-83F] R, Rg,
S T8 4 Yk durdg oz X9} U9l
HEES FXetHA gAxo] TASHY] uio| 2

o7 73

~
(9,
IS
)
tlo

>,

=
p—_
=2
=
inss

ol

ol
=)
||\

N

o B

223} whel B 2o}, E 2] (29) 1AL
 gdel g U et B oego
Gd &S GHATE HEA, vl Aa52 3 vl
3ol olu @ Aol W A BAjw)

Q_ tan(90—a)—u

P 14 ptan (90— ) @7

Q_ tan(90—a)(1+4°)

P 1+ptan(90—a) (28)

Q_ tan(90—a)+u

P 1—ptan(90—a) (29)

3 of GHL WANY F, o
W YEE FADHARE AGE GAEE D
Bl
E

2N~ (29)= T3 7]E

U
ol
o
o Kl
1

2 =TolAE KTX &
A83ko] 35S 166kN, HAAZE

1435mm, *FERHES 460mm, FHAHHo]E £ 9}
o Ag+= 254mm=E A AT

o},



N

JEAFY Ao

o

Table 1 Theoretical derailment coefficients for the
normal wheel loading under wheel climb

conditions
Fl. Current study
ange u Nadal | Weinstock -
angle Climb- up |Roll-over-C
0.1 1.39 1.49 1.39
0.2 1.14 1.34 1.14
60
0.3 0.94 1.24 0.94
0.4 0.79 1.19 0.79
0.1 1.68 1.78 1.62
0.2 1.36 1.56 1.36
65
0.3 1.12 1.42 1.12
0.4 0.94 1.34 0.94
0.1 2.08 2.18 1.62
- 0.2 1.064 1.84 1.62
0.3 1.34 1.04 1.34
0.4 1.12 1.52 1.12

Table 2 Theoretical derailment coefficients for the
normal wheel loading under wheel slip

conditions
Fl. Curtent study
ey Nadal
angle Roll-over-L
0.1 222 1.62
0.2 2.96 1.62
60
0.3 4.23 1.62
0.4 6.94 1.62
0.1 2.86 1.62
0.2 4.11 1.62
65
0.3 6.85 1.62
0.4 17.89 1.62
0.1 393 1.62
. 0.2 6.54 1.62
70
0.3 17.34 1.62
0.4 -31.8 1.62
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Fig. 5 Input data of F, W, Wr
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Fig. 8 Derailment coefficients according to wheel
gauge (a=20)
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Table 3 Theoretical derailment coefficients according
to the wheel diameter (No wheel tuning)

Fl Current study
ange u Nadal | Weinstock
angle Climb- up |Roll-over-C
0.1 1.39 1.49 1.39
0.2 1.14 1.34 1.14
60°
0.3 0.94 1.24 0.94
0.4 0.79 1.19 0.79
0.1 1.68 1.78 1.62
0.2 1.36 1.56 1.36
65
0.3 1.12 1.42 1.12
0.4 0.94 1.34 0.94
0.1 2.08 2.18 1.62
0.2 1.64 1.84 1.62
70
0.3 1.34 1.64 1.34
0.4 1.12 1.52 1.12

Table 4 Theoretical derailment coefficients according
to the wheel diameter (wheel tuning)

Fl Current study
ange u Nadal | Weinstock
angle Climb- up |Roll-over-C
0.1 1.39 1.49 1.39
0.2 1.14 1.34 1.14
60
0.3 0.94 1.24 0.94
0.4 0.79 1.19 0.79
0.1 1.68 1.78 1.68
0.2 1.36 1.56 1.36
65
0.3 1.12 1.42 1.12
0.4 0.94 1.34 0.94
0.1 2.08 2.18 1.76
0.2 1.64 1.84 1.64
70
0.3 1.34 1.64 1.34
0.4 1.12 1.52 1.12
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Fig. 9 Derailment coefficients according to the distance
between axle bearing support and wheel center
point (a=30)
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Fig. 10 Derailment coefficients according to the
distance between axle bearing support and
wheel center point (a=25)
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Table 5 Theoretical derailment coefficients for the
50% wheel unloading of W under wheel
climb conditions

Flanue Cutrent study
2 u Nadal | Weinstock
angle Climb- up |Roll-over-C
0.1 1.39 1.49 0.9
0.2 1.14 1.34 0.9
60
0.3 0.94 1.24 0.9
0.4 0.79 1.19 0.79
0.1 1.68 1.78 0.9
0.2 1.36 1.56 0.9
65
0.3 1.12 1.42 0.9
0.4 0.94 1.34 0.9
0.1 2.08 2.18 0.9
0.2 1.64 1.84 0.9
70
0.3 1.34 1.64 0.9
0.4 1.12 1.52 0.9
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Table 6 Derailment coefficients for the 50% wheel
unloading of Wi, under wheel slip conditions

Curtent study
Flange i Nadal Y
angle Roll-over-L
0.1 2.22 0.9
0.2 2.96 0.9
60
0.3 4.23 0.9
0.4 6.94 0.9
0.1 2.86 0.9
0.2 4.11 0.9
65
0.3 6.85 0.9
0.4 17.89 0.9
0.1 3.93 0.9
0.2 6.54 0.9
70
0.3 17.34 0.9
0.4 -31.8 0.9
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Table 7 Theoretical derailment coefficients for the
50% wheel unloading of Wr under wheel
climb conditions

Fl Current study
ange u Nadal | Weinstock )
angle Climb- up
0.1 1.39 1.49 1.39
, 0.2 1.14 1.34 1.14
60
0.3 0.94 1.24 0.94
0.4 0.79 1.19 0.79
0.1 1.68 1.78 1.68
0.2 1.36 1.56 1.36
65
0.3 1.12 1.42 1.12
0.4 0.94 1.34 0.94
0.1 2.08 2.18 2.08
0.2 1.64 1.84 1.64
70
0.3 1.34 1.64 1.34
0.4 1.12 1.52 1.12

Table 8 Theoretical derailment coefficients for the
50% wheel unloading of Wr under wheel
slip conditions

Fl Current study
ange u Nadal ’
angle Slip-up Roll-over-L.
0.1 2.22 2.22
0.2 2.96 2.35
60
0.3 4.23 2.35
0.4 6.94 2.35
0.1 2.86 2.35
0.2 4.11 2.35
65
0.3 6.85 2.35
0.4 17.89 2.35
0.1 3.93 2.35
3 0.2 6.54 2.35
70
0.3 17.34 2.35
0.4 -31.8 2.35
2 4%, Az zAvY BAFET DS
s vpAl FalAn. wel EEe waag A
o Azt wARGE g e wAFE
Aol WAY Aojnm A5 E:

Fig. 12~14= 3 < 0%, 50%,
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Table 9 Derailment coefficients due to wheel loading
variations at the right and left wheels

o 35% 40% 50%
0% wheel
Flange . wheel wheel wheel
n [Nadal| loading . . ;
angle . loading | loading | loading
variations .. . .
vatiations | variations | vatiations
0.1 | 1.39 1.39 0.86 0.75 0.53
o 02 | 1.14 1.14 0.86 0.75 0.53
0.3 | 0.94 0.94 0.86 0.75 0.53
04 | 0.79 0.79 0.86 0.75 0.53
0.1 | 1.68 1.68 0.86 0.75 0.53
63 0.2 | 1.36 1.36 0.86 0.75 0.53
03 | 1.12 1.12 0.86 0.75 0.53
04 | 0.94 0.94 0.86 0.75 0.53
0.1 | 2.08 2.08 0.86 0.75 0.53
- 02 | 1.64 1.64 0.86 0.75 0.53
03 | 1.34 1.34 0.86 0.75 0.53
04 | 112 1.12 0.86 0.75 0.53
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Fig. 15 Result of Recurdyn (a=20, 1=0.3)

Fig. 16 Derailment behavior of Recurdyn («=20, u
=0.3)
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Fig. 17 Derailment coefficients of Recurdyn (a=20,
1=0.3)
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Table 10 Derailment coefficients for 50% wheel
unloading of W

Flange Theotetical results Simulations results | Relative
angle i Climb-up | Roll-over-C | Climb-up | Roll-over-C | errors
0.1 0.9 0.93 3.2%

. 102 0.9 0.96 6.3%
60 0.3 0.9 0.94 4.5%
04] 079 0.79 0%

0.1 0.9 0.91 1.1%

P 0.2 0.9 0.92 2.2%
03 0.9 0.94 4.3%

0.4 0.9 0.92 2.2%

0.1 0.9 0.91 1.1%

-G 0.2 0.9 0.91 1.1%
0.3 0.9 0.95 5.3%

0.4 0.9 0.95 5.3%
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——— Friction Force [kN]
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Fig. 18 Friction force of Recurdyn (a=20 °, ©=0.3)
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