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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)

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
negotiates the R300 m curve at a running speed of 70 km/h were analyzed on the basis of vehicle track
coupled 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 expansion 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 stabilize 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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Fig.1 Diagram of locomotive-ballast track coupled dynamic model
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Tab.1 Main suspension and structural parameters of heavy-haul locomotive
Parameter Value Parameter Value
The mass of the carbody /kg 64900 Axle load /t 25
The mass of the bogie /kg 7275 Length between bogie pivot centers /m 9
The mass of the wheelset /kg 4225 Axle spacing /m 2.8
The mass of the motor /kg 2910 The wheel radius /m 0.625
Longitudinal stiffness of primary suspension /(MN/m) 37.49 Longitudinal stiffness of secondary suspension /(MN/m) 0.291
Lateral stiffness of primary suspension /(MN/m) 7.961 Lateral stiffness of secondary suspension /(MN/m) 0.291
Vertical stiffness of primary suspension /(MN/m) 2.345 Vertical stiffness of secondary suspension /(MN/m) 0.632
T — A Sl ) 2 R 25 gt DA T ) SR RS, HL B Iy
1.2 a1 >
. . FRRIIEE KA1 RIEE Ky 509
%5 FHUEEHT, AL RS R (4 B A 1 iy
g1 2
y — =3 > A 2 ) K. = = 3
T LU o = B ST e B — A4 S TR YIE T
TERNKE P 2 8], AT Wi 23 3 [ 7 76 22 A UK BUIR Egd)  E 4y

(Il 2 fos) o ASChe R Ry A



4 Wil te, 5. BUEATO EEREREE /N FAR i e PLsh ) A M RE R A AT

P S Tl (4)

(L_FL) B 201, + 151,

E,  E,I,
A Eg AT ISP B s A AR A
Bl LOARHIRIRE: T OORFA B A B P

T@@ -------- }VWm,f&ﬂm -----

B2 H T
Fig.2 Insulated gauge rods

1.3 1REINF

DN AIE P 2 L K 25 R BB AT AL 4 —HUIE RS
BEN AR, RS E RN AR R BT T
M. 56 L 281200 400 m, 2
H Y 100 mm, (5 2 EERG 4 ARPUBL 23—
REEEAE, Wil 2 Fros . B ks (CRBusim /)
A F) TR AT VED) ROINEALAE LD 65 km/h
T FEE e i £ I R N MBS B 1] g o SR A SE
UE) WA EEey i ith o= ) El o MR N U o 71 ) 7 P =8
SR b R i 3 fros. TRLEH, 7 HAE
TR SRR R PN T ) ) i KB S e e R 1) ) B
KAEZ AR ZE KN 3.6%, UER [ g Sy
AT FETE

200

Simulation
Test

— —

(=] wn

(=] (=]
T T

w
o
T T

Wheel-rail vertical force/kN

o

Outer Inter
The side of the curve track

3 B AR AR
Fig. 3 Test validation of the dynamic model

2 HEEXRIESHEEER R

FIHAME—FIEPOER G IR, Ko
M T HUEA PR, HLE AN E 212 0
FRUBh AN EAE R IR RS BB FEAFAE . 1 E P L
HIBATHEE SN 704 80 90 km/h =AML, i
£Ri%H R300 m. R400 m. R500 m. R600 m PUff
AFEAER L. LB KBEE N 500 m, Higg
AR AR H 2 3 E 8 100 m, HARBBONEZL .
22 L PE T 0 2 % ME N (] Y 2R 2B 1 3 NS
B RPUEEAF, SIEE 50 R

2.1 RBHENTSMRL

FRTFiE, A4 HBALZELL 70 km/h (R
43 BB A T 2 R AT ) R300 m il 2R (1) — 17
XA shA N . WK 4 () Fia, WAMI
R B A 5 E RN Bh 28 S5 25 1) i 2R SRS B, R IR
i 2 bRk o 7 B AR RS A B B KA 2Y 15.5 mm;
X LG 2% A TCEUEE AT B N A AR b A
MALE, FTLLE HAMU L il B AR, %
ST FEAT IR P4 AR LA R 22 25 B BE AT A P L e
LB o7 B 58 M 28 A2 0.5 mm. & 4 (b) ~ (e)
A3 AR MLZE 8 A T R AT 2R I P A S
W[ Jy. FREUBEIN . A RBCRIEC E R AR .
BRI, 76 B 28 Fia T N AMUAS PR A J37E 125
kN 7247, HENHIZR IS BT 2 s R e, il
LAMUAL TR T 7] I IGE, ez AR R e
Im) D9 1R 48 EFe TR 7] /7 B KON 156.1 kN,
WU J1 8 KN 76.7 kN, RELR B KN 051,
HERBFR AN 0.25. WEHRE AT LG, dhek
R BEHBEAT N TR P EAE R I A K. R
WEFTEBEBN AT K R AN e S
. B4 (O &R T ATREEA NN IMIZER
YRR, mEEE, #hek BN AMUZER R
BRSO KT HEZ B, Hih &MU e
R T WA U FER . xR th 26 R %=
AR, A i AM ER A ZEA R, W
] 22 56 4 50 B0 B RE BRI B 22 35 T BIUBE AR I AR %2
TERNIEAT DN T2 1.6%0.



Wil te, 5. BUEATO EEREREE /N FAR i e PLsh ) A M RE R A AT

Contact position at the rail/mm

Wheel-rail lateral force/kN

The rate of wheel load reduction

N
IS

—— With gauge rods
- - - Without gauge rods

AN »
20 Inner rail ,
40 EA e .
0 100 200 300 400 500
Running distance/m
(a) Contact position at the rail
120

Outside with gauge rods
Inside with gauge rods

- - = Outside without gauge rods
- - - Inside without gauge rods

40

" 1 " 1 " 1 " 1 "
0 100 200 300 400 500
Running distance/m

(c) Wheel-rail lateral forces

0.9

Outside with gauge rods
Inside with gauge rods

-= = Outside without gauge rods
- - - Inside without gauge rods

0.6 |

03 F

0.6 . 1 . 1 . 1 . 1 .
0 100 200 300 400 500

Running distance/m

(e) The rate of wheel load reduction

Wear number/N

Wheel-rail vertical force/kN

Derailment coefficient

220
Outside with gauge rods
200 r Inside with gauge rods
180 F - == QOutside without gauge rods
160 k - - - Inside without gauge rods
140
120
100 |
80 -
60 L " 1 " 1 " 1 " 1 "
0 100 200 300 400 500
Runnig distance/m
(b) Wheel-rail vertical forces
0.9
Outside with gauge rods
0.6 - Inside with gauge rods
: -= = Outside without gauge rods
- - - Inside without gauge rods
0.3 F
0.0
-03 F
0.6 L 1 L 1 L 1 L 1 L
0 100 200 300 400 500
Running distance/m
(d) Derailment coefficient
1800 - -
| Outside with gauge rods
1500 | Inside with gauge rods
- == Outside without gauge rods
1200 - - - Inside without gauge rods
900
600
300
0
2300 I 1 . 1 . 1 . 1 .
0 100 200 300 400 500

Running distance/m

(f) Wear number

B4 s ab ek B ah A N

Fig.4 The dynamic response of the wheel-rail interaction at the first wheelset
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(b) The dynamic expansion displacement at the rail mid-span
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Tab.2 Comparison of the wheel-rail dynamic response

between whether gauge rods mounted on the curve

the outside /kN

The wheel-rail lateral force of

38.14 37.82 0.84
the inside /kN
Wear number /N 1032 1037 -0.48
The dynamic expansion
displacement at the rail 1.051 1.988 -47.1
mid-span /mm
The lateral displacement of
0.208 0.197 5.6
the sleeper /mm
The roll angle at the outside
-0.382 -0.471 18.9
of the rail /°
The roll angle at the inside of
0.238 0.163 46.0

the rail /°

With gauge Without gauge Relative
Maximum value

rods rods error(%)
The wheel-rail vertical force
156.9 156.4 0.32
of the outside /kN
The wheel-rail vertical force
113.3 113.0 0.26
of the inside /kN
The wheel-rail lateral force of -76.39 -77.19 -0.1
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