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Dynamic Load Characteristics and Road
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Abstract: A dynamics model of the virtual track train was
developed based on the theories of vehicle, tire and nonlinear
dynamics. The coupling between vehicles and the tire-road
interaction were also considered in the virtual track train

dynamics model. Meanwhile, the correctness of the dynamics
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model was verified by field tests. The dynamic load
characteristics and road friendliness of the virtual track train
in full running conditions between stations were investigated
through theoretical analysis and numerical calculations. In
addition, the effects of running speed, road grade and
acceleration/deceleration were also analyzed. The results
indicate that the longitudinal force of each tire in the full
running condition is constant. The longitudinal force is equal
in magnitude and opposite in direction in the traction and
braking conditions, and is zero in the uniform condition. In
the traction condition, the root means square (RMS) of the
vertical dynamic load on the front axle of Vehicle 1 is the
largest, while in the braking condition, the rear axle of
Vehicle 3 is the largest. The road friendliness is better in the
uniform condition compared with that in the traction
condition and braking condition. The RMS of vertical
dynamic load and road friendliness are all positively
correlated with running speed, acceleration/deceleration,
and negatively correlated with road grade. This paper can
provide recommendations for the operation mode of the
virtual track train to improve operation efficiency, and can
provide guidance for the selection of asphalt pavement to
reduce road damage.

Key words: virtual track train; full running conditions;

dynamic load characteristics; road friendliness
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Fig. 1 Virtual track train dynamics model

R1 EMREINEHNFEENERE

Tab.1 Degrees of freedom of virtual track train dy-

R2 EMHMEINESH

Tab. 2 Parameters of virtual track train

namics model S8y el S Bl
AURHS A B W BB A0k BN M.k 0 650 M.k s
KL X, Y, Zy b Bei b
R Xy Yoy  Zuy By 1./ (kg-m?) 85930 1./ (kg-m?) 6
M.Z = Fui— Fae—Fa— Fast Mgy, Wo/leem’) o | L/(en’)
T F i I../(kgem?) 122940 | I,./(kgem?) 6
qu‘/'ﬁc,.:—(wam+wam-z+wacfs+wacz-4)H+(4) Ko/(Nem?)  3x10° | Ko/(Nem?)  1x10°
( — Faen T Far ™ Fovas +F:wcf4)Bw Ko/(Nem™) 3X10° K.,/(Nem™) 1107
Icy,g’m_:( — Faet — Fae + Fawas + Faven) L + s KJ/(Nem™)  7x10° | Ko/(Nem™')  5x10°
Fosiii vl —(Fusen + Fose + Frves + Fras ) H Co/(Nsem™') 1500 | Co/(Nsem™')  5x10°
I.g =(Fpart Fyuor = Fyuos — Fuea) L+ o C,/(Nsem ') 1500 C./(Nsem™') 5% 10°
F i vl t(F s = Fse T Faves — F v ) B C./(Ns+m™") 3500 Co/(Nsem™) 5 10°
AR iR (7)) —(10) it B/m . Lo/m L5
Mo Xy == Frony = Finuy e L/m 2.65 H/m 0.35
M, Yj = —F i T Fouy 3 ARG 385/65 R22. 5
M, Zoy=F oyt Foy + Mg (9 [ MRS RTINS F e F e Foc S5 5

IW,VZ? Wl.j,: Ty — T, —’_F‘mij (10)

K D—A0)H : F o Fyea Fooa 50908 R Z 10 I

FeRG Z IR A1 A3 B ST R T] FT 5 F oo Fyen s Feon
il S SO/ NCIPIIN ALV INE TP



874 [l o K 2 2 MCH 9K BE 2% O

% 50 %

F o F oo F o G301 A3 B0 G50 9N 1) g A 1) Oy T
[0 775 T, 9 18 R A8 BB I 0 5 T, 2% 51 sl il 2
1

2 EEREATENBREATEE

A 3 R P 3346 R RO A
Gt Rrt , o ERRE R BTN BE S A B HL,

IANEEY A AT I A2 B B T T AR A
Kﬁf—vn n R BETEANT-FE R 28 [ A3 . AR R4S iR
15 0 T S 14 A S L (£, s ), 5 80 B TS
HE )R 8 A 002 TRV (s ) BT
VB L) A B pR AR IR N

G(,(no)(n) , ne(nl, nz)

G,(n)= u (1

0, 7162(771,71?)
T SRR, IR A RIER 5 0 S 22523 [ AR
O n,=0.1m 5G,(no) S %23 [ n, T

SEES LT ) SR R AL, A S TN B 2R s W o
R, — W = 2; G, () N UIRTEHE

SCHR (14 45 HR R HEL I 2 3 Pk T PR 3
JOE P B G | BTSSR A, B — R B
RERIBTT ko PRLIE , AR SOR A HL I 30 A vk ok
PRAUREATLI [0 A1, 78 LA b 4 72 A I 425
FAOLA AT A TS I B A . ]
20 BRIE AT AR . 81308 B /e A
PR3 s 1 R R B oA D) R ) 33 e R R X L
(A AR A R IR ) o 25 L, BRTHASF B2 AL
PUE 5 PR A5 ROR B, S0 T BEBLER 11 A
JERERY A I o A g 1T 45 2 8% A5 B A R B9

255

3 MREIIE

SR TG N3 A% [t Xof K AU LB 51 2 1) 4 4
1A [ fin B R TI, TN 3 A JReie 22 2B or
BN 4 7R o as Ay R A NP BE 2351 52 30
km ™' F1 B LB AR 5 BT 5 5L Bris 4T T AL HY
—H.

P 5 45 1 7 SRR 6 ) e ) o A S g

N o A5 B R0 fin BE A e (EAS A Y R 4 — 1 me

s P~+1mes . &6 A5 B 50 0 ) fine 22 L)
RIE T O AR AR IO EO) o 5 B -5 6086 1

s 0.030
w 0.015
fg 0
= -0.015
£ 0030 : : ' : !
0 200 400 600 800 1 000
] /s
a Al
g 0.030
a 0.015
oo
S
I= -0.015
i ~0.030 . . y ) )
200 400 600 800 1 000
e /s
b Al
E2 BEEEATLE
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Fig. 7 Longitudinal force in full running conditions
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