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Abstract

The wheel-rail unstable self-excited vibration caused by the falling friction characteristic of the
wheel-rail friction curve is the main mechanism of curve squeal. However, the prediction and
analysis of the wheel-rail unstable self-excited vibration is very complicated, involving the predic-
tion about wheel/rail structure dynamics, vehicle curve passing dynamics, wheel-rail rolling fric-
tion characteristics, and wheel-rail rolling contact. In order to facilitate the understanding of the
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generating mechanism of curve squeal, based on the wheel-rail rolling friction characteristics and
the ideal mass-on-moving-belt vibration system, a simplified prediction model of wheel-rail con-
tact self-excited vibration is established. When the wheel with a single wheel mode passes through
a curved track, the self-excited vibration caused by wheel-rail sliding is predicted, and the stability
of the wheel vibration is analyzed, and then the control measures for wheel-rail self-excited vibra-
tion are proposed.
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Figure 1. Schematic diagram of mass-on-moving-belt
system
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Figure 2. Self-excited vibration loop of mass-on-moving-belt system
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Figure 3. Wheel-rail friction curve and its derivative; (a) Wheel-rail friction curve; (b) Derivative of wheel-rail friction curve
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Figure 5. Phase plane diagram of mass-on-moving-belt system
simulating a single wheel vibration mode (,, =0.001, Partial

zoom)
5. EIFERE—ESHRE - 8% - FRAGRIETE
ERE(y,, =0.001, FHEBHK)

0.014 : .

g — = - 75,=0.007, 0.0005, 7,-0.0048
0012 | - ym=0 007, y=0.0001, ,=0.0024 -
0010 | i
§ —
! 0.008 |-
R i
dr
42 0.006 -
0.004 |-
0.002 |- |
e ™
\ —_— yzozo‘sog,fo 000001, v =2.4e-7
0.000 L L
-0.00003 -0.00002 -0.00001 0.00000 0.00001 0. ooooz 0.00003
£ #(m)

Figure 6. Phase plane diagram of mass-on-moving-belt system
simulating a single wheel vibration mode ( y,, = 0.007 , Partial

zoom)
6. IEIFERE—ESHRE - 8% - FRAGRINETF
EE( y,, =0.007 , BEBHK)

JENIE, 195 RIS IREE FRGE . £ KT 0.003 s Ja, BIRRAIASEE 5 H & s
FﬁﬁﬁﬂFﬂﬁAﬁﬁmﬁﬁﬁ,ﬁKMﬁ% R Rt AT DR AR, 24 B ) S AP e NIRRT
HLAE T B RSN, Ap i N R IR — B RE S, PEHR AR JE A A, (RIS R KB R IR B i
&,ﬁﬁﬁgﬂ%%mﬂA*¢ﬁﬁﬁ%h§oml7@ﬂﬁ,ﬁ%ﬂmﬁﬁ§ﬁﬁﬁ§@$,ﬁﬁﬁ
— BUN T RSO G I R FFIEIA RS E « ERSTAIVINT 0.04 s BIRFIRIBLN, BURBRAISES ) 5 1A
SIEFERITT [ IEARH A, BEERR ) SR E D b, AR B RS SR ENE LA WHR G TR . FEI 18] KT
0.04 s Ja, 5K 7(a) TR ESRSIEIAMA RIS, BRI Eh A EEE ) 5 a8 S L 5 AR R e S Ts
FASCIRES, IFAWTESS, BESERSIEN — MEREIRE

DOI: 10.12677/0jav.2021.92007 60 R 5RE)


https://doi.org/10.12677/ojav.2021.92007

1.0 T
I~ A L’I }/E : I: ' L I T
P( [} [} \ 1 ] [
22 Ty
1 Ial |
=% ool '
R ]
Ry .
Ql_el 05 | —— G EFIH—E
L= U - o - B AR A
- _10 N 1 N 1 N 1 N 1 N | N 1 N 1 N
0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08
GO
(a)
1.0 y T : T T T

"
"
"

)
I

0.5 - NANNAL
NIURL AMIAN
NALRU |

i MRLRT |
TRERY :

——
——
-
———
——
——
-
——
———)
|l Wi Sl P

> 0.0

JH— A Eh AR B E
H—Eh S EE S

0.5 - —— ZhA R A1k -
---maﬁgggﬁ~wﬁl UU,UU ARAARR
10 L ' 0.02 ' 004 0.06 ' 0.08 0.10
IR ) (s)
(b)

Figure 7. Limit-cycle response of mass-on-moving-belt system simulating a single wheel vibration mode; (a) Limit-cycle
response ( ,, = 0.007,y = 0.0005,y, = 0.0048 ); (b) Limit-cycle response ( ,, = 0.007,y = 0.000001,y, =2.4e—7 )
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Figure 9. Limit-cycle response of mass-on-moving-belt system after increasing the structural damping; (a) Limit-cycle re-
sponse ( ,, =0.007,y = 0.0001,y, = 0.0024 ); (b) Limit-cycle response ( y,, = 0.007, y = 0.0005,, = 0.0048 )
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