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Fig. 1 Overall layout of bogie for locomotive with frame
suspension and direct drive
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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

el iy =X BN B /(km-ht) KRN LA m R T itt/kg

L H K 25 120 92 29 3270

gl 25 120 92 29 5206

s =X e [ JR ) B 2k kg A E B m Bk [ SR A B /m B B (A 45 KA (kg - m?)

BERHIK 18 540 11.75 1.70-1.70 54 873

g D] 12 115 11.75 2.25-2.00 48 045
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Fig. 4 Profiles for two types of wheel treads
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Fig. 5 Lateral stability analysis of locomotives based on
European standards
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Fig. 6 Critical speed limit cycle of locomotive
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Fig. 9 Wheel-rail vertical force
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Fig. 7 Riding index of locomotive
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Fig.8 Wheelset lateral force Fig. 10 Wheel-rail vertical force at 120 km/h
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Table 2 Calculation condition of curve negotiation

SRR M2 R=300m  {HZF42R=800m
R LA /m 73 80
2.3 phZk@IT MR [ i1 2% K & /m 150 150
Z:7% TB 10098—2017 (kP& £k g% i i1 ) 9, ML S /mm 110 120
PRI 22424351 4 300 m, 800 m k)4 R R i 254 K Fsmm 110 100
NSO, fdiat i TR E R 2R, [ AR IR LS L5
i, TR O LA ki Ty R o iz
3t 2 A HERERSER, THTAE RN 3R, R LKL GAKL
3 hZam EREE R TR A R
Table 3 Calculation results of curve negotiation performance index
BB BTN RORE  femmas AT ERIFEEN
TH
WA R G B R B R ek e s S0 M BIEERER
ZEFYK 6925 6566 187.51 18679 0.56 054 054 053 5750 5292 82603 33339 87189  324.24
resom Witfesh 6114 5379 17510 17317 054 051 051 049 60.03 5363 93698 362.97 987.10  356.39
JREHYK 5331 4857 18276 184.88 049 042 049 050 1863 1613 196.04 12439 21711  151.07
Res00m Vi4efLsh 4224 4076 168.66 170.35 047 042 045 045 1863 1601 25825 16149 26231  185.26
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Fig. 11  Stability of locomotive at 120 km/h
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(a) TR b (@) i
(b) B A%
(OEEEREEEE LN K15 HL%E M2t tEREXT . (R=300 m)
K12 120 km/M LA L Fig. 15 Curve negotiation performance of locomotive
Fig. 12 Running performance of locomotive at 120 km/h (R=300 m)
P13 120 k/h HLAE A8 S ) 10t 1 (a) FEABR 11 )
Fig. 13 Wheelset lateral force at 120 km/h
(b) i 2%k

K16 HLAh L P RExT H (R=800 m)
114 120 ke/h LA AL X L Fig. 16 Curve negotiation performance of locomotive

Fig. 14 Wheel-rail vertical force of locomotive at 120 km/h (R=800 m)

hE41M  https://www.cnki.net



o [ %71

o511

e, B2%, RN Bk iE. SPEAREOKREE IR A Sl i rERE ik 89

P &1 15 FIFE 16 AT, e Huiet FimiRde R FE 3 T
T AR IR LA R I £ aE A R . FE 2R AR R
800 m 1 AL, B S IR ) 1845 b B B 7R
12.5%, AL RBCN R 12.2%; EEFERRfifim 1T
[ 11.4%, JHELZREC T4 11.9%, 78/ £k 242 300 m
W TH0T Sk Jr 28 el 1) 48 A BB R
IS, T, otk 280 i 28 i 1 A
SIS, Rl Rt R R R e bR e
A T P FI Rete shbl 4

SR AiE 5 TR SR FH B BR AR K O A 1) B4R A 7S A
s B MR B S 2E b RE, AR SO TFHL RS A Fa e
PE. BERET PPERE Al R it e e, A Simpack %k
A THLAE B 1205 BT, S5 G0 nY LAl
HRRAL S E S X, 3 U458

O T m 2L s FH A, 2058 H KL 4 A
FL Vi 50 15 L4 e e K S ) o S P S MR,
A e YEA I B4R sh 2 vk R s, R
BEFEAS T OLAINL G SRR 7 7, i Fe A 1) ) 3% bR
WERBRAEL, 8 02 P T U IR 25 HL 448 1) 3 ) 24 v
BE T BERTE, HE B AR s AR TR bR S
SN | e N E T

QXFF HL TH AR H KNG, M T fers
LG, 76T TR I Pl N AR A 1) Ty 36K 24 6 kN,
X T KM A K s ] o 5 3O E 10 Hz
PSR ik, AT 51 45 K i 58 Al 1) 3h 25
AT o

QX T/ etz 100, BT HIRYL A
HUA BN G T 4, L ) AR B A RE AR 21 I 2
27, YiZki2 R=300 miny, H S At S R FETS
O A58 BEFER 0701 v] B#AIR 24 4.2% 11 24.1%.

SE K :

[11 SRIFR, 2000, ALT7, 55 . BB SCE KR R 42 5| R R

ML 5 SRR EEIR D). Al iz i LR =4, 2021, 21(6):
63-77.
ZHANG Jimin, SU Hui, REN Qiao, et al. Review on devel-
opment and key technologies of permanent magnet synchro-
nous traction system for rail transit[J]. Journal of traffic and
transportation engineering, 2021, 21(6): 63-77.

[21 F e, R, TeeiT, &5 B Ukt B TR s Hl
TR mZROPIE[]. H L S W 44, 2022, 45(3): 6-10.
XIAO Zehua, CHEN Guosheng, SHEN Longjiang, et al. Bo-
gie of fast passenger locomotive with frame suspended per-
manent magnet direct drive[J]. Electric locomotives & mass
transit vehicles, 2022, 45(3): 6-10.

[8] ZfEtE, RaEM, XUMG, 55 . KINFREE EIRBARMH e 3

https://www.cnki.net

AME SR ABFFE[I]. BRIE ML= 424, 2020, 40(4): 50-53.
LI Huaxiang, ZHANG Zhihe, LIU Peng, et al. In-depth
study on technical advantages and technical difficulties of
high power permanent magnet direct drive[J]. Railway loco-
motive & car, 2020, 40(4): 50-53.

[4] TRHaNE . B ALK RE H KK S B ICEAR BRI 3 HT [J]. Bk
L4250, 2022, 42(2): 50-55.
XU Yanhui. Design and analysis for new permanent magnet
direct-drive unit technology[J]. Railway locomotive & car,
2022, 42(2): 50-55.

[5]1 oGlml, PRI, T, 55 . B0E Gk mE IR R £k
[0]. Ac i ista TREEAR, 2021, 21(2): 217-232.
MA Guangtong, SUN Zhenyao, XU Shuai, et al. Review on
permanent magnet direct drive technology of railway vehi-
cles[J]. Journal of traffic and transportation engineering,
2021, 21(1): 217-232.

[6] BT, VRIRIE . ELUKER ) ZRA5 AT RS N R 0. AL
FHifL 5, 2013(4): 67-69.
HUANG Zhihui, XU Junfeng. Structure feature and forecast
of bogie driven directly[J]. Electric drive for locomotives,
2013(4): 67-69.

A 9 W ES I P R AL ERVINE R S Baw L R0 a ] ) Mo
L% F), 2020(3): 1-7.
ZHANG Xiongfei. Development of direct drive bogies with
permanent magnet motors at home and abroad[J]. Electric
drive for locomotives, 2020(3): 1-7.

[8] 2R, TG, REUHE . ACHETR 20 B OK A LB R R
FE[]. SR EIE sCEEIT, 2018, 21(4): 5-7.
LUO Xiangping, ZHANG Wenchao, WU Kaihua. On the
suspension type of permanent magnet synchronous motor
[J]. Urban mass transit, 2018, 21(4): 5-7.

[91 S, Wbk, M &, 55 . AR UKmE B AKE: 222 )%
PERERFSR[J]. BREHLG 440, 2023, 43(5): 143-150.
MA Xiaoguang, YANG Chen, XIAO Yao, et al. Study on dy-
namic performance of frame-mounted permanent magnet di-
rect-drive bogie[J]. Railway locomotive & car, 2023, 43(5):
143-150.

[10] #RHNE . 6 2 W T X Ak Bk 1 SR DL ZE S 254 40 5% 0
X [3]. BB 440, 2024, 62(4): 54-60.
XU Yanhui. Study on the impact of the wheel polygon on
the dynamic characteristics of the locomotive directly driv-
en by permanent magnet[J]. Rolling stock, 2024, 62(4):
54-60.

[10] J5iakaR, M. RII3K0E B UK A E WL A AR 3] HLAE
Hf£5), 2019(1): 40-44.
YUAN Zhigiang, NIE Min. Development of high-power
permanent magnet direct drive passenger locomotive[J].
Electric drive for locomotives, 2019(1): 40-44.

[12] BIEHE, 485, St 4 . B TR 4240 A B 9K ) 42
R BIF ) K 1 B 20 BT [9]. Bk Tl 3 S A5, 2022, 25(7):
34-38.



90

nterty

2025 41 H

[13]

[14]

HU Dingxiang, JIN Xin, MA Xiaoguang, et al. Develop-
ment of B-type metro vehicle permanent magnetic direct
drive bogie and performance analysis[J]. Urban mass tran-
sit, 2022, 25(7): 34-38.

SKYT, BhSCA:, X . 7 ) SRR R [R) A6 v L 4 BK Bl 6L
ARAE [ AR K AR IR [3]. BRIE B4 424, 2014, 34(3):
79-83.

ZHANG Jiang, ZHONG Wensheng, LIU Gaokun. General
description of the development of the direct-drive technolo-
gy of permanent magnet synchronous motor of bogie at
home and abroad[J]. Railway locomotive & car, 2014, 34
(3): 79-83.

CEN. Railway applications - testing and simulation for the
acceptance of running characteristics of railway vehicles -

running behaviour and stationary tests: BS EN 14363: 2016
[S]. Brussels: CEN, 2016.

[15] IR . HLA s 1 2P RE DT RE il 2 VS

GB/T 5599—2019[S]. dt.5%: H EhriEH hitt, 2019.
National Railway Administration. Specification for dynamic
performance assessment and testing verification of rolling
stock: GB/T 5599—2019[S]. Beijing: Standards Press of
China, 2019.

[16] R E . BRIEL BT HLTE: TB 10098—2017[S]. b

AU EBRIE A, 2017.

National Railway Administration. Code for design of rail-
way line: TB 10098—2017[S]. Beijing: China Railway Pub-
lishing House, 2017.

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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