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Abstract: This paper proposes a new method for predicting the derailment of a running train under cross-wind
conditions, using the single wheelset derailment theory. The conventional theories used for predicting the
derailment due to cross-winds were developed under the assumption that derailment will always be of the
roll-over type, thus neglecting other possible types such as wheel-climbing, which may occur under special
driving conditions. In addition, these theories do not consider running conditions such as dynamic wheel-rail
interactions and friction effects. The new method considers the effects of dynamic wheel-rail interaction as
well as those of lateral acceleration, rail cant, and cross-winds. The results of this method were compared
and verified with those of the conventional methods and numerical simulations.
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Fig. 1 Free body diagram of the railway vehicle
affected by cross-wind (on straight track)



Apg-dldel A aYE ayd

N My, = (HeosO+ esind) Fp, + (Heos — esind) F, 3
— (ecos — Hsmﬁ)FH vt (ecosf+ Hsinﬁ)FL v
+M=0

4714 He AF7|Eow ZAE =
Agol(H=H"-rol™, & &% 4 T4 FE o
57 o] ARt eD

S|1

Fu=J gm0y @
A(1)-3)llA 65 mAiztow ZH4stal, o9
Fry, Fiy © tsted Aelsbd o3 o}
M- Fy H
T Wt o o2 ©)
HWH 2k e
w M—FyH j
Frpy=—+ 6
A Ve[HWHkVe? ©
W M- FyH J
Fpy=——— 7
e VBEHWJF%VJ M
Fyy
Fry=Frp= 9 (8)
22 MY TN LN ZEL =Z0| XEof 0|
= F35t
Fig 2% SAAE M SFo] A4F FEHow
R A5 A &% F @ &%) A
gk AgEAE|th ¢ 1S o] &dte] A
BN A gt gt
ME, =Fy+ V;; cos®— W'sin®— Fpyy—Fy =0 9)
DIE, = Weosd+ M;g sin®—F,—F,, =0 (10)
ZAIG: Hcos6'+esin0)FRH+(Hcosﬁ*esin&')FLH (1)
— (ecosf) — Hsind) F, ,+ (ecosd + Hsind) F

+M=0

9 AL vatt 09 Fuy Fup ol tidte] 4e]

* 2
— HFt VY s — Wsind) — dF,
Ry
o= HWvsind (12)
(HW cos® — 262+ —— 02 )
Ry
ook Weosd | WiPsind
LT gk 2k Ry
2
— H(F,+ WT;COSQ* W sin®) — dF},

HW v*sin®
(HVV*COSQ*QEQICV-FM)
Ry

(13)

701

Fig. 2 Free body diagram of the railway vehicle
affected by cross-wind (on curved track)
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Table 1 Data of KTX-Sancheon®
Division Value
Coefficient of resistance about |
crosswind (Cy)
Weight of rolling stock (W) 654.29kN
Side area (S) 70.05m*
Effective center of gravity (H) 1.575m
Effective center of wind force (Hyy) 1.944m
Wheel radius (r) 0.46m
Normal contact point distance of between
. 1.492m
wheel-rail (b)
Half length of wheelsets (e) Im

Table 2 Wind speed limit to prevent derailment
(Reference study and Current study)

Straight Track Curved Track
Division | Reference | Current | Reference | Current
study® study study® study
Wind
speed 67.7Tm/s | 67.7m/s | 77.5m/s | 77.5m/s
limit
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Fig. 3 Wheel load changes and wind force affected
by cross-wind speed (on straight track)
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Fig. 4 Wheel load changes and wind force affected
by cross-wind speed (on curved track)
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Table 3 Derailment limit wind speed and derailment
behaviors (Basic Q/P=0.315, on straight

track)
Current | Reference )
Flange study study® Relative
angles # . . errors(%)
Wind-speed | Wind-speed
0.1 | 62.9 m/s 7.1
02 | 61.9 m/s 8.6
60°/65°/70° 67.7 m/s ———
0.3 61 m/s 9.9
04 | 60.1 m/s 11.2
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Table 4 Cross-wind speeds affected by positions of
the wind pressure and gravity centers
(Basic Q/P=0.315, Flange angle 60°, u
=0.4, on straight track)

Change of cross-wind | Change of Rail-vehicle
Division position gravity center

0.58m | 1.58m | 2.58m | 0.94m | 1.94m | 2.94m

Wind
speed |82 m/s|64.3 nmVs|54.2 m/s| 62.7mv/s | 58.6m/s | 54.6m/s
limit

Derail- .
climb- | roll- roll- roll- roll- roll-
ment
up | over-C | over-C | over-C | over-C | over-C
types
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Fig. 5 Wheel load changes and wind force affected
by cross-wind speed (Basic Q/P=0.315,
Flange angle 70° ©z=0.3, on straight track)
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Table 5 Derailment limit wind speed and derailment

behaviors(Basic Q/P=0.315, W1=50%,
Wr=100%, on straight track)
Current | Reference :
Flange p study study® Relative
angles Wind-speed| Wind-speed| errors(%)
0.1 35.4m/s 47.7
o comna| 0.2 33.6m/s 50.4
60°/65°/70 03 1 319 ms 67.7 m/s 500
0.4 | 30.3 m/s 55.2

Table 6 Derailment limit wind speed and derailment
behaviors (Basic ~ Q/P=0.315, W_=100%,
Wr=50%, on straight track)

Flange . Current study(Q/P Relative
i |Wind-speed Climb Roll- 0
angles imb-up Co errors(%o)
0.1 | 659 m/s 0.67 2.66
60° 0.2 | 64.9 m/s 0.72 4.14
0.3 | 64 m/s 0.77 5.47
0.4 1569 m/s| 0.79 15.95
0.1 | 659 m/s 0.67 2.66
oo | 0.2 1649 m/s 0.72 4.14
65°/70 0.3 | 64 m/s 0.77 5.47
0.4 | 63.2 m/s 0.81 6.65
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Fig. 7 Wheel load changes and wind force affected
by cross-wind speed (Basic = Q/P=0.315,
Flange angle 60°, =04, W_.=100%,
Wr=50%, on straight track)
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Table 7 Wheel-load data measured by tests

Division Value

Maximum right dynamic wheel-load
on curved track
Minimum left dynamic wheel-load
on curved track

119.78 kN

40.52 kN

Table 8 Derailment limit wind speed and derailment
behaviors (Basic Q/P=0.53, v=300km/h, no
inertia force, on curved track)

Reference
study®

Wind-speed

Current
study

Wind-speed
59.7 m/s
58.7 m/s
57.6 m/s
56.7 m/s

Relative
errors(%)

22.97
24.26
25.68
26.84

Flange

angles K

0.1
0.2
0.3
0.4

60°/65°/70° 77.5 m/s
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Table 9 Derailment limit wind speed and derailment
behaviors (Basic Q/P=0.315, v=300km/h, on
curved track)

Current | Reference -
Flange ) Relative
angles K .study §tudy errors(%)
g Wind-speed| Wind-speed
0.1 | 64.9 m/s 16.26
0.2 | 63.9 m/s 17.55
60°/65°/70° 775 m/s ——————
03 | 63 mss 11871
0.4 | 62.2 m/s 19.74

Table 10 Derailment limit wind speed and derailment
behaviors (Basic Q/P=0.53, v=300kmvh, on
curved track)

Current

Reference

Flange stud study® Relative
angle K : . = errors(%)
Wind-speed| Wind-speed
0.1 | 62.1 m/s 19.87
0.2 | 61.0 m/s 21.29
60°/65°/70° 775 m/s ——————
0.3 | 60.1 m/s > | 2245
04 | 59.1 m/s 23.74
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Table 11 Cross-wind speeds affected by positions of
the wind pressure and gravity centers
(Basic Q/P=0.53, v=300km/h, Flange angle
60°, 17=0.4, on curved track)

Change of cross-wind | Change of Rail-vehicle
Division position gravity center

0.58m | 1.58m | 2.58m | 0.94m | 1.94m | 2.94m
Wind
64.8 53.3
spee.d /s 63.2m/s /s 61.8m/s|60.7m/s|53.4m/s
limit
Dnﬁlltl climb- | roll- | roll- | roll- | roll- | roll-
up |over-C | over-C | over-C | over-C | over-C
types

Fig. 8 Recurdyn model of a single wheel-set
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Table 12 Comparison between current study and Recurdyn
results (Basic Q/P=0.315, v=300kmvh, on straight

track)

Current Recurdyn .
Flange 4 study results Relative

0,
angles Wind-speed | Wind-speed errors(%)
0.1 | 629 m/s | 615 m/s | 223 %
oo mme| 0.2 62 m/s 61.5 m/s | 0.81 %
607/65770 03 | 61.1 m/s | 60.7 m/s | 0.65 %
04 | 603 m/s | 592 m/s | 1.82 %

Force (kN)

00 0.1 02 03 04 05 06 07 08 09 1.0
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Fig. 9 Single wheel-set model results (on straight
track, cross-wind only, Q/P=0.315, Flange
angle=70°, ,«=0.3)
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Fig. 10 Single wheel-set model results (on curved

track, cross-wind only, Q/P=0.53, Flange
angle=70°, ,«=0.3)
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Table 13 Comparison between Current study and
Recurdyn results (Basic Q/P=0.53, v=300knvh,
on curved track)

Current | Recurdyn .

Flange Relative

angl% 7 ' study 'results errors(%)

Wind-speed | Wind-speed

0.1 | 61.9 m/s | 61.5 m/s | 0.65 %

orrcomnel 0.2 | 609 m/s | 61.4 m/s | 0.82 %
60°/657/70° 53160 m/s | 60 mis | 0 %
0.4 | 59.1 m/s | 59.1 m/s 0 %
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