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Fig. 1 Dynamic model of single-axle forced-steering bogie
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Fig. 2 Cross and vertical section diagram of track
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Table 1 Effect of superposed horizontal and vertical curves on
derailment coefficient and lateral force on the first and third

wheelsets
SR AR &%m@m;ﬂ ﬂﬂgmﬁﬂﬁg
JEn BE: 0.50 0.62 0.42 0.49
AL CEt 0.53 0.56 0.46 0.48
g BE: 23.60 26.16 19.04 21.01
JIKN CEt 25.63 29.96 22.12 26.37
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Table 2  Effect of superposed horizontal and vertical
curves on carbody vibration acceleration

Ll T[] JIEE/(m - s7%) R 1) N33 B/ (m - s7%)
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11754 1.19 1.90 1.24 1.15
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Table 3 Curve passing safety in different track scenarios
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Table 4 Different horizontal curve radius and superelevation

configurations
HESE 5 /mm iz:rﬁi%{'{/ S 75 /mm iz‘sﬁii{g/
12 R/m (km-h™") || #&R/m (km-h™")
300 120 55.23 600 60 55.23
400 90 55.23 700 50 55.23
500 70 55.23 800 45 55.23
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Table 5 Curve passing performance and carbody vibration acceleration indexes corresponding to different horizontal curve radius

TN /(m - s7%)

Hh£k4% Rim Fext ofiffy/mrad IS et i J1/kN et ) F1/kN

e ] 1)
300 3.86 0.50 25.22 130.19 1.14 1.16
400 1.99 0.47 2031 128.56 1.14 1.02
500 1.02 0.41 17.81 126.73 1.20 0.96
600 0.71 0.38 16.22 126.50 1.21 0.92
700 0.52 0.35 15.45 125.85 1.20 0.89
800 041 0.32 14.81 125.76 1.22 0.88
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Table 6 Curve passing performance and carbody vibration
acceleration indexes corresponding to different superelevations

B RAA L RAIBEE B ()
mm mrad ¥ JIKN J1/kN T[r] liam
90 3.55 0.52 29.06 133.13 1.13 1.10
100 3.70 0.51 27.00 131.13 1.14 1.10
110 3.80 0.51 26.67 130.59 1.14 1.10
120 3.86 0.50 25.22 130.19 1.14 1.16
130 3.94 0.51 26.86 130.76 1.15 1.28
140 4.02 0.55 27.04 132.00 1.15 1.31
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Fig. 4 Maximum wheelset lateral force and its occurrence

position change with superelevation

2.3 BphikFR

EEXTANTR S 4R 24, PRS2 TR 4R i 2l 1t
PERESE AR AN AR IR S B e KA, BARINZR 7 s .
HERT AT, BEE RSN PARI R, &30 Ji2e Ttk ReTatn
ARG, FRXT Il AR e g AN AR S
A S s IR ZR AR B 3 000 m K &
8 000 mif, A&xfufff ., fehhierm ) . AR IR
BREE M ) R B0 B A BN T 1.55%. 6.22%.
3.51%. 2.59%; MEREICE R, WTE0.50 /47 ;
SR W O, AR IR EE RN, AT
2.76%, X R A T R 2R b A A R ) B0 T
RPIE JIA PN, BEE BRI O, R R
IS, BRI ) 7 B 2 W TR



80 it et

2025 1 H

KT AR AR 2l v R K A A RS hE E fE b

Table 7 Curve passing performance and carbody vibration acceleration indexes corresponding to different vertical curve radius

P EE/(m - s72)

B2 /m XA /mrad Jit e 2 H AR J3/kN AL JI/KN & s

3000 3.86 0.50 26.21 128.79 1.14 1.16

4000 3.84 0.51 25.48 129.05 112 1.16

5000 3.82 0.51 2521 129.77 111 115

6000 3.81 0.51 24.96 131.04 111 115

7,000 3.80 0.51 24.82 131.96 1.10 1.14

8 000 3.80 0.51 24.58 13235 1.10 113
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Table 8 Curve passing performance and carbody vibration

acceleration indexes corresponding to different gradient
differences

YepE  gexbulfns BEEL SRR B IIEED(m-s7)
/%o mrad 2 IkN J1/kN E T 1]

10 3.80 0.52 27.84 132.20 1.27 1.15
12 3.81 0.51 27.02 131.14 1.24 1.15
14 3.82 0.49 26.30 130.64 1.22 1.14
16 3.84 0.50 26.22 130.11 1.19 1.15
18 3.85 0.50 25.87 132.23 1.16 1.16
20 3.86 0.50 25.22 130.19 1.14 1.16
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Table 9 Curve passing performance and carbody vibration
acceleration indexes under different conditions

COURUT VI L N 1 e = o ) L3 G R

11 M -
i mrad ¥ AN AN mp M
— 3.86 050 2522 13019 114 116
- 3.98 053 2689 12406 1.1 118
= 7.14 038 1871 13057 082  1.80
4 LEig

UL S i L S BB, 2 as AL
SR, MR T AR ARYEIE , AR 52 21 1] 0 S
St SRR, AR BN A T HO A A - 1
LRI Ok, 2 R B8 S 1 B 1 SR TR A
AR T PERE A R RCR X0 7 R AL e e
T R0 LA 3 ) e ) R TR R By A, T
JEHIFE, FHRILAT 4518

(DR JH e o BB 30 5 1] B o) A R A 8t 2k
L5 T/ A i R B 2 b AT AT B Y Y 2 i
PERE, SRS AL, LRI/ N X nhff |



CORE Lk, BENE, B, BETHT, SEE . PR s S shia S i A e A 2 MR RE R 81

Jd 2 2R R A 0 77

@ BB A - T/ AR ph 2R B, fext
A H A AR Tl 2R — 2O, (R R
E RS- EIEil i Do RUV TR e AN

QTEARFFHUWTH S Eh, IR AT TR
T dom i YERER R IR, MRz, BihZek e
LR FER R/, R P PEORE 1 i 2 - T/ AR
MBS BRI, Db TR . BRI Zeess

@7 ph e mE AL G S 5, TG
AR i) 3 RS AAARE [ IR Sl 03 E KRS0, A I e BE
R R B

SE R

(1] SRR, BRASAK, 2=m . iz TS hZ 5P mth 4 &
TR EIET]. BRIk, 2005, 27(2): 75-79
LIAN Songliang, CHEN Songlin, LI Xiangguo. Test of ver-
tical curve overlapping plane curve for dedicated passenger
traffic railway line[J]. Journal of the China railway society,
2005, 27(2): 75-79.

(2] Phde, WEEE, fME. R T il 2R T S BE B i

T2 808 01 20 S R BB AT 58 (0], BRI bR E T T, 2013
(6): 1-4.
SUN Zongsheng, SHI Jin, SHEN Xiong. Research on dy-
namics calculation and reasonable values of alignment de-
sign parameters at overlapping region of vertical curve with
horizontal curve on high-speed railway[J]. Railway standard
design, 2013(6): 1-4.

3] FIF=, F4ER, B, 55 BT 302 mexhm hd g

12 1 2 I ey I T 2 T I AR Bk 1 4 i DL E B B
[7]. BRIBARAERTT, 2005(7): 1-3.
WANG Kaiyun, ZHOU Weijun, ZHAI Wanming, et al. Re-
search on reasonable matching of the level section and sur-
face on the high or medium speed passenger-dedicated rail-
way and high or low speed passenger and freight mixed rail-
way based on the theory of dynamics[J]. Railway standard
design, 2005(7): 1-3.

[4] HODAS S. Design of railway track for speed and high-
speed railways[J]. Procedia engineering, 2014, 91: 256-261.

[S] i, BJa i, IR aiom, 55 PR AL S BRI A B 42
JUfT 2 i 11505 L], HLA L& S, 2017(6): 109-113.
NIE Min, CUI Qichao, YUAN Zhiqgiang, et al. Calculation
method of tram car with 5 module and low floor passing
through curve[J]. Electric drive for locomotives, 2017(6):
109-113.

(6] Z=my, BIKH, W21, 55
2 i R LIB BT (I]. 5858
50-60.

LI Ming, WEI Qingchao, PAN Zihua, et al. Three-dimen-

sional high-order continuous curve alignment design of hori-

PR T G B e B
iz TR 2R, 2018, 18(6):

zontal and vertical overlapping region of high-speed rail-

ways[J]. Journal of traffic and transportation engineering,
2018, 18(6): 50-60.

(70 ¥ 2% . 7 0k SO T A o 9 9 (0], Bk TR 4,
2017, 34(8): 6-10.

FENG Huimiao. Research on the standard of profile optimi-
zation for regional railway[J]. Journal of railway engineer-
ing society, 2017, 34(8): 6-10.

(8] Juakn, ZIUA, MFTH, 45 . i RERIRE ST 9 e O B
BT RG] ML UL ), 2003(4): 25-28.
LONG Zhiqgiang, LI Shujuan, HAO Aming, et al. Systemat-
ic analysis running on ramp for EMS maglev train[J]. Elec-
tric drive for locomotives, 2003(4): 25-28.

[9] VIR, WA, XN, &5 . Fadhif S AR i AL A1 B 7 58

PERIT]. AL HLIL 3, 2024(4): 80-86.

JIANG Hui, HUANG Zhihui, LIU Jiahui, et al. Layout se-

lection for single-axle forced-steering radial mechanism[J].

Electric drive for locomotives, 2024(4): 80-86.

e N RS E BRIE T . BRIRZ T HLTE: GB 50090—

2006[S]. JbxT: o E-I AL, 2006

Ministry of Railways of the People's Republic of China.

Code for design of railway line: GB 50090—2006[S].

Beijing: China Planning Press, 2006.

[11] EZRER . BRI IE: TB 10098—2017[S]. b

s E R R, 2017,

National Railway Administration of the People's Republic

of China. Code for design of railway line: TB 10098—2017

[S]. Beijing: China Railway Publishing House, 2017.

AR . AR 0 i R RE BT R R RIS 0], BRI A

eIt 2016(2): 15-22.

LI Changhuai. Research on influences of vehicle resistance

[10

—

[12

—

on station line grade design[J]. Railway standard design,
2016(2): 15-22.
[13] A, REE. 207 (A S5 E 0 vhshpg sz P R K
PEALBEFE[]. HLAALAL S, 2022(1): 103-108.
MA Ruijie, WU lJian. Influencing factors and optimization
measures for longitudinal impulse of 20 000-tonne com-
bined heavy-haul trains[J]. Electric drive for locomotives,
2022(1): 103-108.
U, PG, AR ARk O AR L AR
BT 55 X8 8 X6 4l 2 3% 14 52 0 [0, WL A% 5, 2005
(6): 22-24.
HUANG Zhihui, SUN Yongpeng, LUO Huajun. Influence

on axle weight transfer by same line location and contrast

[14

—_

location of bogie-mounted and quill drived motor[J]. Elec-
tric drive for locomotives, 2005(6): 22-24.

[15] BRIMH, TKRIFAK, Whize . Bihzz 5| ) AR AR it B 4= b 2 4
B pr )], HLArLA% 5, 2014(3): 40-43.
WEI Jiaqi, ZHANG Kailin, YAO Yuan. Analysis of locomo-
tive axle load transfer with consideration of adhesive force
varying for each axle[J]. Electric drive for locomotives,
2014(3): 40-43.



82 it et 2025 4 1 J1

Effect of superposed horizontal and vertical curves on curve performance
of single-axle forced-steering bogies

JIANG Hui, HUANG Zhihui, TIAN Mingjie, HOU Yuxuan, YAN Bohan
( State Key Laboratory of Rail Transit Vehicle System, Southwest Jiaotong University, Chengdu, Sichuan 610031, China )

Abstract: Trains running on sections with overlapped vertical and horizontal curves are affected by both vertical and horizontal
centrifugal forces, resulting in more complicated wheel-rail interactions compared to operation on horizontal curves alone. This complica-
tion undermines the effectiveness of single-axle forced-steering bogies in enhancing the curve passing performance of service trains. To
solve this issue, dynamic models were established for service trains respectively with traditional bogies and single-axle forced-steering
bogies to facilitate a detailed study. A comparison was conducted to examine the effects of convex and concave vertical curves superim-
posed with horizontal small-radius curves on curve passing performance and carbody vibration acceleration. Subsequent analysis investi-
gated the influence of track parameters associated with different cross and vertical section on these two aspects for service trains
equipped with single-axle forced-steering bogies. Additionally, these indexes were analyzed under different conditions for these trains.
The results show that the overlap of convex vertical curves and horizontal small-radius curves further increase the angle of attack on
wheelsets, whereas the angle of attack decreases on concave vertical curves. Among various cross and vertical section parameters, the
horizontal curve radius has the greatest influence on the performance of service trains, followed by the effect of superelevation. In con-
trast the influences from both vertical curve radii and gradient differences are limited. Furthermore, both tractive efforts and braking forces
contribute to increased lateral forces on wheelsets and lateral vibration accelerations of carbodies. To summarize, service trains with sin-
gle-axle forced-steering bogies adapt well to track sections with overlapped horizontal and vertical curves, and braking forces significant-
ly influence the curve passing performance of service trains on these sections.

Keywords: superposed horizontal and vertical curves; single-axle forced-steering bogie; curve passing performance; vibration

acceleration
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