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Fig.1  Points-Plane contact model
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Table 1 ~ Main parameters of heavy-haul freight wagon

Parameter Unit Value Parameter Unit Value(SI)
Mass of wheelset kg 1.2E3 Secondary lateral stiffness N/m 3.1E6
Mass of side frame kg 4.9E2 Secondary vertical stiffness N/m 4.2E6
Mass of car body kg 8.3E4 Secondary longitudinal stiffness N/m 3.1E6
Mass of bolster kg 7.4E2 Vertical stiffness of wedge spring N/m 0.3E6
Primary lateral stiffness N/m 1.3E7 Car body rotational inertia about X axis kg m 1.2E5
Primary vertical stiffness N/m 1.6E8 Car body rotational inertia about Y axis kg+-m? 1.4E6
Primary longitudinal stiffness N/m 1.1E7 Car body rotational inertia about Z axis kg+m? 1.4E6




5 3 1 SREILIE S « IR FU I 3l ) AR S T B AT 4 A Ll AP ST 73

VU T S R 4 A 5 2R AT 5 T R B i
F 5 E B 1 E R A BBk B AT B
S50 R A AF ), RO B HE ARk A S it 2
BT FERT 8, I3 E A I LR % 25 1 R AT 0 0y
A, R FHIN 3 e Xk DM S A X ) 4 e aod 2% i 2
I P9 S e 0 2l 5 5 LA SR EA TR B S
FURRE IR ] 07 G802 A5 WA AT AT, X LU &5 2R K 3
7 T RRAG S PR B AN, DA e B 4%
PG BRI 5 0 45 SR A 22 5 (H R
R RS R, 7 AR S B
A—EIFH S S CE16 1M 17 [ R SCE 22
BER R 55 A i 50 v 0 S N 4 A9 S BR 1Y J AT
WA

2 AHEHARLENDTHRIEMRE

L C8O B 4= Xt 4 WA il ) Sy AN SRR T
A FSTEE MR 1 . K6 7 1) 2R FH BRI 395 1T 25 <
il 2y, SEhh ] Shke B EEAARE 1> 120 3611 24
“305mmx254mm” JiiE H 2 B 2 ST 9 LRI B A
SRR E S H A H SRRk B M R RS
B I B 55 ] B 4 2 o7 B A0 1B 4 T 7R, K, 2275 T
FURE 7, A T 1) B 1E [ IR AE b o

T 57 2 ) ) B 8 1) AN B, AR PN &
ALz 8, A A I L ) K R K, WS
222 BN £ 1 M, BVE T, 58060 O 25 % HotR 2
R Sk AR VMRS A Ty g (A 1 ) 388K AR i 6 L0
Ve RS, B ) T 0 RN ) 85 T S A X S AR A
AT RWE ARG FIARX(4). AR
(3) A, 8 S A1 14 R A 0 X Ak [ 055 34 g 188 hm, DA
N KEE X RERS s A2 (4) T AL, BTt Rs A
VR Bl IR A B T BE 1 AR Ak, ZE A e M) B v )
W K A AR AL H A U T S R Y A D st
M., 7 T AR I, e 2 S (58 X0 T8 BIHT AP A IR

yu
F.»'L=F>H=_f?+f§o“ (3)

Ay, b,
FxL:_FxR:_fW_fT (4)

K F M A AR i G ) F FF
e AN BT T L N Ry, A R RS
i, VR XA L, o S HE R Sk A, N O B
HERE ,r AR 40 SR B4R, b PR Bl [ 1] R
[y cy

MR CH) G222 5 TR ) S | R ) BL A
S FOE A K R R

160 - - -
= Experiment - - - - Simulation
X
§ 1404 v d
8 podataatl
T 120 oy el A
k= Tilly
[
= 100+
S
‘8 80
<
=
60 T T T T T T T T 1
0 50 100 150 200 250 300 350 400 450
Distance/m
(a) ZefEHeHLAE T )

(a) Wheel-rail vertical force of left wheel

160

Experiment - - - -Simulation\

Wheel-rail vertical force/kN

0 50 100 150 200 250 300 350 400 450

Distance/m
(b) fiftheihaem
(b) Wheel-rail vertical force of right wheel
20
=z
=
S
S
©
3
s}
§
3
-g -80 1 \ Experiment - - - -Simulation\
_100 T T T T T T T T 1
0 50 100 150 200 250 300 350 400 450
Distance/m
(c) ZERCHEHUR 0 )
(¢) Wheel-rail lateral force of left wheel
60
—— Experiment - - - - Simulation
§ 50 ] \ p |
S
é 40
'S 30
a8
= 20
'3
- 10
g
=z 09
-10

0 5IO 160 léO Z(I)O ZéO 360 3é0 4(I)0 4é0
Distance/m
(d) et
(d) Wheel-rail lateral force of right wheel
K3 TR
Fig.3  Model verification



74 B

5B W%

2020 45 18 &

! N +H
L | L]
T | O | A
“'1_‘\(/)W2 KLz Ki ™M owm
Ywz L Ywi L
1% @ 1K
|

P4 Al 4R IR )R R

Fig.4 Schematic diagram of brake shoe forces in two-axle bogie
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WAGON UNDER UNBALANCED BRAKE SHOE FORCES *

Zhang Kailong' Liu Pengfei” Cao Yunqgiang' Wang Tianlong'
(1.School of Mechanical Engineering , Shijiazhuang Tiedao University , Shijiazhuang 050043, China)
(2.State Key Laboratory of Mechanical Behavior and System Safety of Traffic Engineering Structures , Shijiazhuang
Tiedao University, Shijiazhuang 050043, China )

Abstract The dynamic model of a heavy-haul freight wagon was established by the simulation software UM, and the
wheel-rail contact characteristics under unbalanced brake shoe forces were investigated. Taking the emergency braking
as example, the unequal brake shoe forces acting on the left and right wheels were applied to wheelset 1 and 2, respec-
tively. The motion attitude of the wheelset and the wheel-rail dynamic contact behavior were obtained as the vehicle runs
in straight line. The results indicated that the lateral displacement of the wheelset increases significantly with the unbal-
anced brake shoe forces increasing. Comparing with wheelset 2, the unbalanced force has a larger effect on the wheel-
rail dynamic behavior of wheelset 1. The main reason for this difference is that the yawing direction of the bogie induced
by the lateral creep forces is not in accordance with the yawing direction of the wheelset subjected to unbalanced forces.
And then, the influence of frictional braking torque between the wheel and brake shoes was analyzed. It was found that
the braking torque has a certain influence on both the lateral displacement and the yaw angle of the wheelset when the
brake shoe force is small. However, the unbalanced brake shoe force generally has more significant influence than the

braking torque.

Key words heavy-haul wagon, block brake, wheel-rail contact, wheelset motion, creep force
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