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¢~Synthesis Active Guidance Control of Tramcar
with Independently Rotating Wheels

YANG Zhe, LU Zhenggang, ZHANG Kuongyor., HUANG Qi
(Institute of Rail Transit, Tongji University, Shanghai 201804, China)

Abstract: This paper presents a robust active guidance
controller using robust # synthesis method, to let the tramcar
possess self-guidance and steering ability again which is lost
by adopting independent rotating wheels(IRWs), and to deal
with parametric uncertainties such as creep coefficients and
wheelset conicity variations. A two-axle tramcar model with
IRWs was established, in which each wheel was associated
with a hub motor. By controlling the torque of the motor
connect with the left and right side wheels in the same axle,
active guidance and steering was achieved. A validation of the
control method was carried out by using Matlab, the
simulation results show that the control algorithm can satisfy
the robust stability and robust performance of the system, and
let the tramcar obtain good self-guidance and steering

performance at the same time.
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Fig.1 Schematic diagram of tramcar model
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Fig.2 Interconnection structure of the normal system
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Fig.6 Robust stability and robust performance margins

FHFLL 22 m « s HEGRTTI  HE BT 4
WHBBEWE 7 B, 7 WL 0 3 3h 5 S 45
AR &L B R 7 mm /B 2 mm LY, DL H
FRAA L 60 N« m, 7ETHFRAR /N 92 11 6 2 1 )
i, fi 2 AR AR 4 B0 P P BE.

Bl 8 Z4WiLl 5 m« s W EE LR 50

ZER RS /mm

EEFR/ (N - m)

7
Fig.7

Fig.8

B
e R
e SRR

0 fofg ! i
-2
-4
-6
-8 - y I I
5 0 20 30 40
Al /s
a FRERE
100 g
e S

0 10 20 30 40
BF 1] /s

b A
EREBEMERREE(EEZTIR, v=2m-s™")
Wheelset lateral displacement and control torque

on straight track (v=22m -+ s™!)

8
6 3
a\g 4 — — HiEsdEsh
=9 /0 R
RS
& 0 e O
-2
0 10 20 30 K
B R/ 5
a B

0 10 20 30 ] 40
P
b s
8 FREBPEMEIHE(METIR,
R=50m,V=5m-s!)
Wheelset lateral displacement and control torque

on curve track( R=50m, V=5m-+s™!)

& 8 AT, i T BCA B T RAE S it B
oV NHECE RIS E4 R R R RS, SEAMNZRE RAERGIE  th TEuR A b haed.



F1H

W LM IRR FRAREE p AR 1693

A S e E I E R ER TR R
A, FEREhn F shERE , LW R AEE RN T
2 mm, T B 5 8 b LR s R KR 16
N+m

H I 9 BIAL LA 15 mo» s A It 4R
300 m Y HE LR B [F AR AR 46 UG 58 L [R] A El T
TE BB R AR BE] 7 A T AR KRB 1) ) i A
HUH] SR SRR A FERE N E S S .
BAEHE/NT 3 mm, TETEH LA S H 158
AR HA 30N m,

8 — TR
6 v p - - Ak
: PV W e R
o TR e e
B2
>
& 0
-2 )
-4
0 10 20 30 40
IR/
2 ERB
" — i
S ﬁ};ﬁ/&

0 10 20 30 40
B8l s

b % HIF 4
B9 FEREBEMEHHEHEIR,
R=300m,V=15m-s')
Fig.9 Wheelset lateral displacement and control torque

on curve track( R=300 m, V=15m- s™!)

4 £5iE

HESL T SRR AR R A A A A AR L
ETEBERESTOT T BB MG BB
FZECRHE N K E3h T f A I 7E Matlab (0
A PR A EL M e 1T To 51847 T
P B UE. f5 B4R 5% A Bk 42 1l 3505 BE A8 [v] il
JE RGN B R TR E PR R R AR, T R B/ M
AR AT 8 A FRAT B A LR 0 rb M £
RE; Sh i THB B R T RESHOATE M I &

W SR IR DRI BT e A S B .

Sk :

[1] =P 100% MR E R T L3 R 500 5 R R
[D]. Jb& : LR Em K, 2009.

LI Zhefeng. 100% Low-floor vehicle traction drive system
analysis and control strategy research[ D]. Beijing: Beijing
Jiaotong University, 2009.

[27 GOODALL R M, BRUNI S, MEI T X. Concepts and prospects
for actively controlled railway running gear [ J]. Vehicle
System Dynamics, 2006, 44(44);60.

[37 MEITZX, GOODALL R M. Modal controllers for active
steering of railway vehicles with solid axle wheelsets [J].
Vehicle System Dynamics, 2000, 34(1):25.

[47 WICKENS A H, NAGY Z. Guidance and stability of articulated
railway vehicles with single axles and various forms of passive
and active steering[J]. Vehicle System Dynamics, 2000, 33
(1):306.

[5] GRETZSCHEL M, BOSE L. A new concept for integrated
guidance and drive of railway running gears [J]. Control
Engineering Practice, 2002, 10(9):1013.

L6] M, BHIERI, 330, MR B BRI M F
BRFERBARL]. PEZERZE, 2013, 34(6):93.
SUN Xiaojie, LU Zhenggang, ZHANG Jin. Disc PMSM directly
driven independently rotating wheel and steering control
method[J]. China Railway Science, 2013, 34(6):93.

[7] PEARSON]J T, GOODALL R M, MEI T X, et al. Active
stability control strategies for a high speed bogie[J]. Control
Engineering Practice, 2004, 12(11):1381.

(8] fEFE, R, . —FETHIRBW MBI R

FemER T, PEER, 2006, 27(1):89.
REN Lihui, ZHOU Jinsong, SHEN Gang. An approach of active
steering of independently rotating wheelsets based on feedback
of wheels rotation speed[J]. China Railway Science, 2006, 27
(1):89.

[9] KURZECK B, HECKMANN A, WESSELER C,
Mechatronic track guidance on disturbed track: The trade-off
between actuator performance and wheel wear[J]. Vehicle
System Dynamics, 2014, 52:109.

[10] MEI T X, GOODALL R M. Robust control for independently

rotating wheelsets on a railway vehicle using practical sensors

et al.

[J]. IEEE Transactions on Control Systems Technology,
2001, 9(4):599.

[11] FEEg. esS5RmEE M. Jbm. BTk bR, 2002.
ZHOU Kemin. Robust and optimal control [ M ]. Beijing:
National Defense Industry Press, 2002.

[12] BRER, TRE. SOEEW 5% 5B IM]. AU hE%kE
Hi AL, 2004.

CHEN Zeshen, WANG Chengguo. Railway vehicle dynamics
and control [ M .
House, 2004.

Beijing: China Railway Publishing



