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Fig. 1 Overall layout of bogie for locomotive with frame

suspension and direct drive

JBE A Bl JBE A

&3h

fezhdit 20
K2 REGEURAE shiZh

Fig.2 Permanent magnet direct drive structure
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Fig. 3 Dynamical model of locomotive with permanent magnet
direct drive
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Table 1 Main parameters of locomotive

(EZZIVIE S HEE/(km-h!) KNG B BB/t T Bt /kg
L LK 25 120 92 29 3270
e 25 120 92 29 5206
(ETIVEN o [ HR ) it kg AT E B /m e 1) Ll /m g T G R SR AR i (kg - m®)

IR LK 18 540 11.75 1.70-1.70 54 873

Wi tLh 12 115 11.75 2.25-2.00 48 045




5513 Teael, B 0%, EEUI, Bk m. SPESREUKREEIRHLZES) SR Sk 85
0.03 4
L —e— mBEHW-FH . .
0.02f — IM3HifE O AR ey TERE: 31 m/st
- M3 E 3F " itttz -Hie
1l§v 0.01F E —=— WiIEE-EERER
2 N
g .,
w0 o
#
-0.01F 21
®
00308 004 0 0.04 0.08

&I A4 FR/m
Fl4  2Rh AR BT AL IR 2k
Fig. 4 Profiles for two types of wheel treads
QUSHMHLE, w2 E AU, PRI
SRTE H L AR 1) B e PR o A SCH3 5311 R FH AR A
W BRERPIRI PRI A LR A P o). &%
EN 14363:2016 pRifE"™,  7E45 HAH5 fp 4 HOpL 4= fe il i
T 3 RV b7 (O B AR 2R ) TIEEE o ik e et
PEAT 0.5~10 Hz WP i@ ug e, SRR e 1
(B PR 100 m, KN 10 m) FHEEEE RS ) ) Fl
P ZEIIHE Jr AR, 5 R B S8y M AR i R R (B
SRR T LUXS, bR b Al ) 1 7 IR H,, N
P BE A ) i 8y AR 3, O BRAECH AR -

10+ P,-g/3
= (M
12— m?
= — @

Lb: PORHNE, ¢ g NENIMEE, m/s’ mth
BT R, t

AR L FURINLES R, it 15 fks i
BRAE H,,,, }145.8 KN, A5 Jn 8 B BRAE 3., F7 3.1 m/s’,
Pl 5 Ay AN [v 3k b 7 P ML 2 B ) 3 AR 240 8 ok
FERIRUE . RS A, e TN, B
SR IR LML 4 1 A e 1] g A 4o 3k 32 12 R 1
bR, (A5G Eh L ZEAR b, LR i R M g 22
TeHAEBERERE 1200, HLZE SRR 1) 1 (4 )y S MR SR KA
C AR -

50

—o— WEHIK i PRUEBR{E: 45.8 KN
F—e— PEHIK-EEER o
—=— L
—=— e -SSR

S
(=

[O%]
(=
T

R I 7 BARME/AN
[3*]

—
(=]
T

(=]

60 70 80 90 100 110 120 130
BITHEEE/(km - ')

(a) FEAAE i 3 7 PRI R A

60 70 80 90 100 110 120 130
BT/ (km - h)
(b) FAZINE B J5 B AR A (H
KI5 SETROR AL AR i AE M T

Fig. 5 Lateral stability analysis of locomotives based on

European standards
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Fig. 15 Curve negotiation performance of locomotive

(R=300 m)
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Dynamic performance and optimization of locomotives with elastic suspension on

bogie frames and permanent magnet direct drive

QIAO Jinchuang', HE Xing’, WANG Zhiming’, YAO Yuan'

( 1. State Key Laboratory of Rail Transit Vehicle System, Southwest Jiaotong University, Chengdu, Sichuan 610031, China;
2. Research and Development Center, CRRC Zhuzhou Locomotive Co., Ltd., Zhuzhou, Hunan 412001, China )

Abstract: This paper delves into the dynamic performance of six-axle freight electric locomotives featuring elastic suspension on

bogie frames and permanent magnet direct drive. Simulation calculations based on SIMPACK software examined locomotive dynamics,

focusing on their lateral stability, straight line operating performance, and curve negotiation safety. Subsequently, the calculation results

were compared with those of traditional locomotives equipped with axle suspension and gear drive. The comparison results showed that,

except for improvement in wear performance at the flange and tread of the leading wheelsets on curves with a small radius, the lateral dy-

namic performance of locomotives featuring suspension on bogie frames and direct drive, exhibited no obvious advantage over gear-driv-

en locomotives, particularly in straight-line scenarios. This is attributed to the large inter-spring mass and yawing inertia of bogies with

frame suspension and direct drive, which contribute to the lack of lateral stability in these locomotives. Consequently, an improvement

solution was proposed that incorporates an additional anti-yaw damper. The calculation results show enhanced performance in the lateral

dynamics of locomotives operating on straight tracks, with performance indexes comparable to those of gear-driven locomotives.

Keywords: permanent magnet direct drive; elastic suspension on bogie frame; bogie; locomotive; dynamic performance ; simulation
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