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Influence of Gauge Rods on Wheel-Rail Dynamic Performance
in Tight Curves of Heavy—Haul Railway

Chen Qinghua,Ge Xin,Hu Xiaoyu, Wang Kaiyun

(State Key Laboratory of Rail Transit Vehicle System, Southwest Jiaotong University, Chengdu 610031, China)

Abstract: In order to investigate the influence of gauge rods on the dynamic performance in tight curves of heavy
haul railway, the wheel-rail dynamic interaction and wheel-rail wear when the locomotive passed the R300 m
curve at a running speed of 70 km/h were analyzed on the basis of vehicle—track coupling dynamic theory. The
influence of running speed and curve radius on gauge dynamic expansion, wear number, and gauge rods were
analyzed. Furthermore, the influence of the spacing of gauge rods on the lateral stability of the track was studied.
The simulation results indicate that the gauge rods can stabilize the gauge and reduce the turning angle of the
rail at the outside curve. Compared with the curve without gauge rods, the contact point of the inner rail of the
curve with gauge rods is closer to the inner side of the curve. The wear number and the dynamic gauge expan-
sion when the locomotive negotiates a tight curve will increase with the decrease of curve radius and the increase
of running speed. Increasing the arrangement density of gauge rods can effectively enhance the ability to stabi-
lize the gauge. The dynamic gauge expansion will reduce by 36.3% when the spacing of gauge rods is reduced

from 4 to 3 rail spans.
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Tab.1 Main suspension and structural parameters of heavy—haul locomotive

Parameter Value

The mass of the carbody/kg 64 900

The mass of the bogie/kg 7275

The mass of the wheelset/kg 4225

The mass of the motor/kg 2910
Longitudinal stiffness of primary suspension/(MN/m) 37.49
Lateral stiffness of primary suspension/(MN/m) 7.961
Vertical stiffness of primary suspension/(MN/m) 2.345

Parameter Value

Axle load/t 25

Length between bogie pivot centers/m 9

Axle spacing/m 2.8
The wheel radius/m 0.625
Longitudinal stiffness of secondary suspension/(MN/m)  0.291
Lateral stiffness of secondary suspension/(MN/m) 0.291
Vertical stiffness of secondary suspension/(MN/m) 0.632
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Fig.3 Test validation of the dynamic model
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Fig.4 The dynamic response of the wheel-rail interaction at the first wheelset
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Fig.5 The dynamic response of the track
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Tab.2 Comparison of the wheel-rail dynamic response with/without gauge rods mounted on the curve

Maximum value

With gauge rods

Without gauge rods Relative error/%

The wheel-rail vertical force of the outside
The wheel-rail vertical force of the inside
The wheel-rail lateral force of the outside
The wheel-rail lateral force of the inside

Wear number

The dynamic expansion displacement at the rail mid-
span

The lateral displacement of the sleeper
The roll angle at the outside of the rail

The roll angle at the inside of the rail

156.9 kN 156.4 kN 0.32
113.3 kN 113.0 kN 0.27
-76.39 kN -77.19 kN -1.04
38.14 kN 37.82 kN 0.85
1032 N 1037 N -0.48
1.051 mm 1.988 mm -47.13
0.208 mm 0.197 mm 5.58
-0.382° -0.471° 18.90

0.238° 0.163° 46.01

22 HMEEEMEBITEEMNZI

6 XL T L4 70 km/h (9 38 B2 43 31058 3o A
[Fi) 2 A2y 2 I — 37 8 0 4 4 A (5] il 2 I ) e
VB FERCRI AW L v ) B R BB 8 9 ke ey T
R, e U AR BSORI N B 2 25 R B A i 2o A
TIN5 A LE R 225 BUBE AT 9 IR BT, 223 T

HUE AT AP IE LU 3 A8 Y KR 7E R400 m 2 ik
HRIB/NT 29 48.4% ; BUEEAF X RE 42T B 5eHL
JEFEHGE M A K

B 7 X T HL4E DLAS [R) 32 47 R 4 13 o
R300 m >f- 72 1 £& B — 037 56 0 22 40 Ak B0 0 1 B BB 3
Y REMBPUBEFEE, W LIE L, S PUEFEECR



% 5 4 PR e, 45 LR AT oF o 20 B /DN 21 AR i 25 P Bl ) 4 PR RS I 7
£2.5 1200
£ Without gauge rods Without gauge rods
Eo0L With gauge rods 1000 With gauge rods
22 _
) £ 800 |
K 1.5+ @
© Z 600 -
1.0} .
g g 400 |
) B
509 200 |
z
© 0 1 1 1 0 ] L L

300 400 500 600

Curve radius/m

(a) The dynamic expansion displacement at the rail mid—span

300 400 500 600

Curve radius/m

(b) Wear number

B 6 ZR[E M Z3¥ET R H 3 25005 X bt

Fig.6 Comparison of wheel-rail dynamic response under different curve radius
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Fig.7 Comparison of wheel-rail dynamic response under different running speed
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