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Fig.1 Vehicle dynamics model of high-speed freight EMU equipped

with four double-axle bogies
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Table 1  Main parameters of dynamic model of high-speed

freight EMU

Parameter Value
Car-body mass/kg 42,800
Car—body rolling moment of inertia /t*m? 87.2
Car—body pitching moment of inertia/t*m? 1927.7
Car-body yawing moment of inertia/t*m? 1927.8
Transition—bogie mass’kg 2596
Transition—bogie rolling moment of inertia/t*m? 3993
Transition—bogie pitching moment of inertia/t*m? 5388
Transition—bogie yawing moment of inertia/t*m? 9205
Bogie—frame mass/kg 1630
Bogie—frame rolling moment of inertia/t*m? 1520
Bogie—frame pitching moment of inertia/t*m? 1057
Bogie—frame yawing moment of inertia/t*m? 2519
Wheelset mass/kg 1414
Wheelset rolling moment of inertia/t*m? 797
Wheelset pitching moment of inertia/t*m? 98
Wheelset yawing moment of inertia/t*m? 797
Primary—suspension longitudinal stiffness/kN/m 919.8
Primary—suspension lateral stiffness/kN/m 919.8
Primary—suspension vertical stiffness/kN/m 4117.5
Secondary—suspension longitudinal stiffness/kN/m 133
Secondary—suspension lateral stiffness/kN/m 133
Secondary—suspension vertical stiffness/kN/m 203
Tertiary—suspension longitudinal stiffness/kN/m 400
Tertiary—suspension lateral stiffness/kN/m 400
Tertiary—suspension vertical stiffness/kN/m 1200
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21 —ZRHNEECRIEI FHRIEL IR FEEN

A

1 3 it 2 — FR 9N 1) 7 W X A E 2P i
SRR A RN 2 . ph AT, — ZR A ) 6 )
FE(EAE SMN/m LA B, Bt MBS B934 m , HIL4EE et
i S S B ik A, HL G MR B, W BB SMN/m
ZeA I LR Ll S IR B 1 AR . 2RI
{BLAE SMN/m DL _E B, ATLAR I S 3 e 2 D {3
KN, HAE 20MN/m DL AR FE o0 F-2% .

500

450

400 H

Non-linear critical velocity/(km/h)

350 1

10 20 30 40 50
The primary longitudinal positioning stiffness /(MN/m)
3 — ZR ARG 1w 5 7 P Xl 2 i o F) 5 )

Fig.3 Influence of primary longitudinal positioning stiffness on non-

linear critical velocity



18 3 1 2%

5B W%

2020 45 18 &

FH AT R, 2 — RG] A W 2 B SMIN/m 224
B, A A T ARG o A B e 5 . AR A 2%
B — R E N W EEASBELE /N, 75 W) 25 52 ) ZE 4 1) 22 15 |
PERE , BITZE UG BH— ZR 9N 7 I 40MN/m
BUETT , S ZE 20 AR S I AL 3 384km/h, B
AR JE RS IB A TR LR A AR — A4 e A Al
NG SR, AT RS YRR — R A NI
22 —RMEEEMNENFEHIELENEFREER

=2

— ZR M 1) 7 A5 WX A I e P I B R
S WP 4 Jr 7 . pl PR T, Y — RO e 7 M
{HAE 1~20MN/m B, ZE 50 2t 57 Pt A [ o
A7 TR 5 P 348 o e A 22 R oo PR e 38 i >S4 1 o) I B A
1~7MN/m i, B — ZR A8 1) 72 057 Wi AR B4, 455
AL S8 TR AR, 1 > o) A5 M BB R
T TMN/m, 230 4R 1 I 55 T 18 B — 28 B 1) 2 o
WL EE 38 D, LR VR S B 3 - 2% . bR T 4 iis
HEEALE 250km/h LA b 10 8 7 28475 AR BT X 42
iz 8 SRR BUAT I (87 1 , DR H X 1) S T 1
1o T UTE Bl) ZE A HEAT FL Ek B s AR Lt
Il SR BT, NEE AR F | #5 AR — 2D 4 v 3 i Ak
LG P T, P R — R ) o L I

550

500 |

450

Non-linear critical velocity/(km/h)

400

0 5 10 15 20
The primary lateral positioning stiffness/(MN/m)
Pel 4 — 8 1) 5 Ao DO Xl 5 S 3 1 52

Fig.4 Influence of primary lateral positioning stiffness on non-linear

critical velocity

3 —REMNEXNSIERERR NFMRE

&2 M 43

RIIF 5T — 2 28 57 W B X 32 2 i) A T 1
AR IZ B 2 G4 8 1 A RE s ), ) AR St
SR BN A AR BN ) 2R T e T B A2 A B
BOTE, 53 T A —FREN RIS ECT sh 42410
250km/h 114 18 22 3 B A #h 262 4% 9 7000m 1) LA

s TR B SE R A5 A SCRR[8-10 1% — &
SE 37 W RE X T2 1) SRR IR B 1) e S D B B AR L
Wzh e VERE AR IR T AT
31 — R @ E LN E X E BN S FHERERI R AT
P 5 JIt s D9 — ZR G 1k) s A M B2 2% ) AR T
190 5T 12 Bl AR A B 1 e MR RE R I Y 7 5
SERGEE IR . B Al e h Zas 1T, A e X
JBE B 2R R — 2R 2 1o A P 8 g 8 DR LR AL A
FRHEA — 25, MR B — R I\ 1A AL M A R 2
BB NIR G FEA R AL AR, b 15 3
(R X B AR BB FU AT, 2 (6 L K 4 i e Xt (e
AR BUEIA —E 25— RGN E AL KR TMN/m
FEINE) SOMN/m I, 17480 48 H I 2 A A P
AR T AR A A X A U R A A R AR —
B, PR sl MR A EEAS DR AL L [FII B
— ZR YN (L W E AR, A A ) 1 i R
DAL T [ SRR AR B B A DR AN, TR 1) P A
FEPRREAE — ZR A A MIEE A g B K

0.25 -
—a— the first wheelset
—e— the second wheelset
—a— the third wheelset
0.20 '™ —v— the fourth wheelset
€
2
L
b
§ 0.15
1=
(<}
£
‘B 0.10 P
<3 \
e \v
— o
——3 33T 33 3
0.05 |
1 1 1 1 1 1 1 1 1 1
0 5 10 15 20 25 30 35 40 45 50
Longitudinal positioning stiffness/ (MN/m)
(a) BEELREL
(a) Derailment coefficient
0.40 -
—=— the first wheelset
—e— the second wheelset
—a— the third wheelset
0.35 =¥ the fourth wheelset
g
(=]
=
5
5030
o
= \
= e e -
E «\b:~an777vfffv/f vy v
= — e o o & —o—0 04
0.25
0.20

1 1 1 1 1 1 1 1 1 1
0 5 10 15 20 25 30 35 40 45 50
Longitudinal positioning stiffness/ (MN/m)
(b) & E AR
(b) Wheel unloading rate



55 3 40 EREF —RENNIE

XA i) SRR TR 5

I8 B R Y A B 2

PERERZ M5

19

0.15

—=— vertical
—e— |ateral

S oo

0.05 -

Vehicle acceleration/(g)

0.00 1 1 1 1 1 1 1 1 1 1
0 5 10 15 20 25 30 35 40 45 50

Longitudinal positioning stiffness/ (MN/m)
(¢) EARIRB N L

(¢) Vehicle body vibration acceleration

2.0 -
—e— vertical

—=— lateral

18

Sperling
=
o

14

0 5 10 15 20 25 30 35 40 45 50
Longitudinal positioning stiffness/ (MN/m)

(d) Sperling F§Fx
(d) Sperling index

PS5 —ZR YN Ao W EE X = 20 7 2 M R A )

Influence of primary longitudinal positioning stiffness on

Fig.5

vehicle dynamic performance

—RIBEELRIEX FE 1 F RN
Pl 6 T 7 Ay — ZR i o) o A )85 X o) S 8 T
B IE 2 A A th Zes AT Bl g A
PERESZ MR 1 0 BTSSR G A . B 6 Al AT,
M ZRM [ S P 2 T I, 1 ek I A R
BB — FR A o) o7 I BE 3G IR AS PR AN AR
3L X I B AR R A — AR R v 57 W RE A 3
SLEBE R, 2 LA B 4V T 3 A S TR N
B T A6 X 8 8 U R A A — R A 1) 6 W1
JEE IR 35 I i P A PR AR AN AR | [ s 2 A ok J3E A
PP RPEFR bR 52— F M) AL W EE RS2 AN, Y
— ZA M 1) 72 52 W EE N 1MIN/m 38 K 2] 20MN/m i}, 7
PRI B L KPR PR AR B A R AR

3.2

0.20

0.15

0.10

Derailment coefficient

0.05

0.4

0.3

wheel unloading rate

0.2

0.15

0.10

0.05

Vehicle acceleration/(g)

0.00

22

©

+Sperling
>

—=— the first wheelset
—e— the second wheelset
—4— the third wheelset
—v— the fourth wheelset
—al
— |
"\o“ —
T ‘tfﬁ
1 1 1 1 1 1 1 1 1 1
2 4 6 8 10 12 14 16 18 20
Lateral positioning stiffness/ (MN/m)
(a) BULFREL
(a) Derailment coefficient

[—=— the first wheelset
—e— the second wheelset
|—4— the third wheelset
—v— the fourth wheelset

1 1 1 1 1 1 1 1 1 1
2 4 6 8 10 12 14 16 18 20
Lateral positioning stiffness/ (MN/m)
(b) F s 2%
(b) Wheel unloading rate
= vertical
—e— lateral
2 L2 * * * * * o
- - -
| . | . . 1 1 . L L

2 4 6 8 10 12 14 16 18 20
Lateral positioning stiffness/( MN/m)

CORBES =iy 4

(¢) Vehicle body vibration acceleration

—e— vertical
—=— lateral

1.2

%6
Fig.6

2 4 6 8 10 12 14 16 18 20
Lateral positioning stiffness/ (MN/m)

(d) Sperling fabr
(d) Sperling index

— ZARR 1) 7 O W BE X A4 )y 2P RE 52 IR

dynamic performance

Influence of primary lateral positioning stiffness on vehicle



20 g o 5 o 6 o ik 2020 4E45 18 %
. (3):39~44(1i X, RenZ S, Xu N. Dynamic performance
4 Z5ie

AR HIEE T 2R 5l 2 PR A ST 2 1) SR
PiC B ek 530z 3l AR 2 R g 1 A B T — &
SE A WIRE X A e M fe U J3E D) R as Ay 2 Ak |
FRRMESE S ERERYE I , FEDFTEAE T

(1) B i) SR TC i veg i B2 3 42 A 42 iy AR
LRV S B AE 384km/h, 75 RELARAS T A Ife Sk
JEE A 4 AR — A E LRI

(2) BEiiAR L i 5 2 B — AR k1) 5 for
WIEE A3 I STE 38 R i/ )N , 1 il — 28 A6 1] 5 57 W)
JEE 384 R AR S B/ I

(3) BEE — R E AL RGN, 25 5E R
ES AW n N & R R N S S E D IR Aty
XL AR BN P, HR T2 A e X R 2.

(4) B — Z D\ 1a) 72 57 Wi EE DA TMN/m 3 Jiin 5]
SOMN/m AR (] RS R 48 Bn A7 BT 3 I, {ELXE 450
e 1] S AR PR R AR R AN W] A TR A — ZRE 1) S o7
WIEE A8 380, 2 87 LA S 4 57 e o 1 Jd B 2R R A A
JIr R AR, LR 2 05 A 2 [ P AR A B sl A 1] °F
FaVESE R e 2 AN W] I

o

=

[ 5 o o ST SR BN LR E AN B L S DA Ul
5% . MLBE, 2014,41(8) : 1~5,49 (Zhong W S, Yao Y,
Zhang H J. The bogie structure and dynamics studies of
the eight—axle locomotive. Machinery,2014,41 (8):1~5,
49(in Chinese))

2 EHE LR EEY]CRRTS LS B
2y J3 P fE 07 25 M . HL 4 AL % 3, 2003, 6: 58, 12
(Wang K'Y, Meng H, Zhai W M. Parameters optimiza-
tion of "Tiansuo" electric locomotive and simulation &
analysis of its dynamic performance. Electric Drive for Lo-
comotives ,2003,6:5~8,12 (in Chinese))

3 MR ARTERN  ART L RE T 1) SR B S R I
DA s B 0 20 7 M RE 23 A . BRIE 22 41, 2018, 40

10

analysis of high-speed vehicle based on optimization of
bogie suspension parameters and tread conicity. Journal
of the China Railway Society, 2018, 40 (3) : 39~44 (in
Chinese) )

WAl R, AR i CRU2 B NI BE S HO0 ZE 3l )
FYERERYZ . M TR S B, 2018, 40 (5) - 135~
139, 147 (Pan D F, Quan B D, Yang S.The influence of
suspension stiffness parameters on dynamic performance
of CRH2. Logistics Engineering and Management, 2018,
40(5):135~139, 147 (in Chinese) )
HELL, EIF =, kA 200km/h /%52 B AL B
HSHOIE ST E TR . 22N S K2R, 2015,
34(6):139~142(1v K K, Wang K'Y, Zhang Z H. Effect
of suspension parameters on running stability of 200km/h
eight-axle passenger electric locomotive. Journal of
Lanzhou Jiaotong University, 2015, 34(6) :139~142 (in
Chinese) )

ot , BT .200 km/h U ITHLA R 1 0 — AR B %
T BT B AL A, 2008, 28(1) £ 175~177(Li ]
W, Wang K Y. Design analysis of the primary suspension
system for 200 km/h electric locomotive bogie. Railway
Locomotive & Car, 2008, 28(1):175~177 (in Chinese))
XISERE . Z2 1R R GE 8 I3 (5 2 0 AL At i 2 20 il
#t,2014 (Li Y Z. Dynamics of multibody systems (Sec-
ond edition). Beijing: Higher Education Press, 2014 (in
Chinese) )

B A -PUE RS B 12 G 4 B0 bt Bl
fAt, 2015 (Zhai W M. Vehicle-track coupling dynamics
(Fourth edition). Beijing: Science Press, 2015 (in
Chinese) )

GB5599-85, BkH 44 3l ) *7: Pk 52 A1 a5 2 2 AL
0 b P E R R, 1985 (GB5599-85, Railway
vehicles-specification dynamic performance accreditation
test. Beijing: China Planning Publishing House, 1985 (in
Chinese) )

Biz[2008]28 7, il 8 A AR g L LAt
8N BRI E 28 %5, 2008 (Rail Transport [2008] No.
28, Testing of high-speed electic multiple unit on comple-
tion of construction. Beijing: Ministry of Railways, Peo-

ple’s Republic of China, 2008 (in Chinese))



5 3 1 FR A — LW BE X 1] SRR B o 212 20 4 2 AR 8y ) A M RE RS R 21

EFFECT OF PRIMARY POSITIONING STIFFNESS ON VEHICLE
DYNAMICS PERFORMANCE OF HIGH-SPEED FREIGHT EMU
EQUIPPED WITH FOUR DOUBLE-AXLE BOGIES *

Wang Jiaxin' Zhang Weili’ Chen Zaigang™
(1.CRRC Tangshan Co., LTD, Tangshan 063000, China)
(2.State Key Laboratory of Traction Power , Southwest Jiaotong University , Chengdu 610031, China)

Abstract In order to achieve a fast and efficient transportation capacity of China’s railways for large , heavy and valu-
able goods, CRRC Tangshan Co., Ltd. developed a high-speed freight electric multiple units (EMU) equipped with four
double-axle bogies. Based on the theory of multi-body system dynamics, this paper established a vehicle dynamics model
of the high-speed freight EMU equipped with four double-axle bogies, and studied the influence of primary positioning
stiffness on the nonlinear critical speed of the vehicle; At the same time, the influence of primary positioning stiffness on
vehicle safety index and stationarity index were studied. The results showed that the nonlinear critical velocity firstly in-
creases and then decreases with the increase of the primary longitudinal positioning stiffness, and monotonically decreas-
es with the increase of the primary lateral positioning stiffness. The lateral stability index of the vehicle increases with the
increase of the primary longitudinal positioning stiffness, while the vertical stability index is nearly unchanged. The pri-

mary lateral positioning stiffness of the vehicle has no significant effect on the vehicle stability index.

Key words bogie group, high-speed freight train, dynamic performance, safety, positioning stiffness
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