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Abstract: The drive and transmission system is a crucial component of electric vehicles. An efficient
and energy-saving drive and transmission system plays a significant role in enhancing the power
performance, economic efficiency, and handling stability of electric vehicles. The research
advancements of the drive and transmission structure of electric vehicles, both domestically and
internationally, are explored, focusing on the principles and characteristics of different driving

modes, the classification of multi-motor coupling methods, and typical applications. Regarding
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the principles and characteristics of driving modes, the operating patterns, advantages, and
disadvantages of single-motor drive, single-motor drive with transmission, dual-motor coupling
drive, and multi-motor drive systems are analyzed and summarized, highlighting the challenges
faced by the single-motor drive system, including low motor efficiency, inadequate power
performance, and limited energy conservation. On the other hand, multi-motor drives are shown
to enhance the efficiency of the drive system and extend the driving range through multiple
working modes, making them the primary drive and transmission structure for future electric
vehicles. In terms of the classification of multi-motor coupling methods, the fundamental principles and
current research status of three multi-motor coupling methods, i. e. speed coupling, torque coupling,
and speed-torque coupling, are summarized in detail, with the speed-torque coupling drive system
being specifically recommended for its ability to dynamically allocate power from multiple motors,
enhancing the overall efficiency of the drive system under low-speed heavy-load and high-speed
light-load road conditions, thereby offering superior comprehensive performance. Additionally,
existing hub motor systems, wheel-side motor systems, and single-bridge single-motor + single-
bridge dual-motor drive systems are reviewed. Further analysis suggests that the future drive
system of electric vehicles should transition towards multi-power sources, integration, and
electromechanical coupling. This research serves a valuable reference for the development of drive
and transmission systems of future electric vehicles.

Keywords: electric vehicle; drive and transmission; speed coupling; torque coupling; energy
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Fig. 1 Examples of new energy vehicle development strategies of

internationally renowned automobile companies
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Fig. 2 Schematic diagram of single motor front wheel

drive system structure of pure electric vehicle
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Fig. 3 Schematic diagram of single motor rear wheel drive

system structure of pure electric vehicle
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Fig. 4 Schematic diagram of single-speed transmission

structure of pure electric vehicle
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Fig. 6 Schematic diagram of front and rear axle distribution

drive structure of pure electric vehicle
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Fig. 7 Schematic diagram of compound drive structure of

double motor of pure electric vehicle
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Fig. 10 Schematic diagram of three-motor coupling

drive system of pure electric vehicle

zkxb. xjtu. edu. cn

AT L 45 oL 309 R T RE K B 5 44 3 R G R gk R 5
1.5 5 &
MK 5158 R Gk MUK 3 RS & nl

LAY R AT R R 40 L J % 2R G0 R DU 9K 3R 5 5 44 R A PR
PLUECE AT Ly B HL K 3l 28 42 L XUHL AL 3K 3l & ¢
A K Zo RBILBK Bl 28 5 5 $ B 15 SR T Dol 3 i 7T 2L 7y
N E KA GE IR K S R ST RS IS R AT

LR B R G A AR R AALRCRAR TR L3l T R
R LA KT REME AN R SR TR, TG VA B R B2k T R
ST IR ZOR . XURALIB S ISl R gLl 2 &
HLBLFIHE &5 BILAS B9 TRC 5, AE % S L 2 Fh T AR ALK,
TE A AT Bl i i v R A0 6 0 8 % 5 1 9 AR SOF
FHEC 2 GHRALE IR, [ 2 G R TR
BRI R Y DX (8] BEAS 42 v B > R 3 R S8 Y RO L i
RS AR . AT RENE A Al S R AR
SEVE TR | S L3 0 v S 207 T B E L B
BN AR AR K T 1 R WU AL S FL DL L i 3K B
I

2 ZHIHLERSh 5 S G T U 2028

AR T AR B[] A SORF XU LR 75 9K 5l
RYLorh 3 K07 DR AR A 9K 3h R 4t 5 O Fe
WAL O ZHRAME IS R G, T w5l
453X 3 P IS HUUUH ML & 4K 3l 2R 42 i T T BIK
2.1 HEBERSE

e AR 5 IR Bl AR G0 B R IR Bh &R ek i
BB E e 2 GRALIAMEALE . 2 BRI S AE
IR 3 2 Gk 2 18] 52— B LU IO 2 o A R
E IS BT SO AR B AT R A AR R 11 B
N2 5 UL A AT B A AR 0 K B A A ik 1 L AT
FEIRAE S 3R AR G 0 i il AR AT B2 A AR A8 B
ORI R R O 2 BRI IEA S PR
T UK BN ZR G 0 L L A A OR AR — E B
DT 22 5 HUBL A el RT DA 7E — 2 Y RN A R A T
DA i 4K Bl 2R Gt B AR

Byl L
¥
)
—

LT
P e a R 2l iy S AR S BTy X

Fig. 11 Basic realization of speed coupling drive
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motor equipped with a gearbox

Pl 20 4 7 2 383 2 TF % #0381 T 1l 5 4
S UL I XUE T U T 0% 19 38 00k 1) 4 o




o544

XTI, 45« HL B R G T RE IR Sl 15 A% B R ST ST ik R 9

Pl A7 25 RSB Ty iR A% Al S B
FL B ) A0 XL LR 5 3K 8l 2 A T AERE

11

e
T

s ol b \s

1582 — WAL 1 T3 WAL 1T 4—Hil 2 &7
S5— WL 2 F T 615 T AT R 8 ATRYE;
9— KPR 10—l Bh & s 11— R 12—,
Bl 20 XUE U T A A R B L

Fig. 20 Two-stator two-rotor speed coupled wheel hub motor

3.2 RBBHENIERIHERES

1 P ML R 0K ) e 2 0 ) A A B A A i 43 A X
HL IR Bl 0 3 K st ) LR AU RT LB £ B AT
Y BILAR 2 T o AL T T W 58 TP Bl SR LR A5 8, 7
XL LR il O Bl M JE Atk b S T i — 2 Ak
JIt AR Sl 45 114 E 65 R A% G 9K il = R 3K 30 A AR O
HL sl B R T 0 28 Y 00 [ A LA 0 M o7
T AL 7E 56 30 3K 3 42 56 L DRI 3l ) A% i it 4 T
AR NCR .

FE A1, R 35 7 TG A8 37 5% 0t 4 11 02 56 3
o3 A IR B M 1 4l B R AR R 2D fEE N, T
Wil AE K9 RE Bt T4 mIlIKsh &40, H
JRE P 21 Fin . XS B A mA L E LR

e

Bl21 bl K9 4 LR 4
Fig. 21 BYD K9 wheel edge motor system

zkxb. xjtu. edu. cn

AL AR AR R R AL AD S RS S A o — AR B T
1 2y il 25 1 58 UK Sl BF B9 AL A 4, N R ZLAR AN
Hh e B Sl R BIL L B B AL HILTE A L i A, O Al
TEA A AT R

P 22 S V8 4 5838 R I S 19 W2 A7 23 A XX
HIHLHE & IR S 25 i s R A IR sh R e Ay 2 Fh T
PR AL 35 B A AL T AR A O e A 5 Ak Bl B
FE S B TARRE R L 3 g iy £ 5 i HL IR Bl 5 42
mAT R A M B R EM AR AT 2
PLE S Jy 3 i Fe M & fE i fe I AT R e R L =
e,

AL

I—HHl L2 TR R 3P4 Bl 2;
S HMITRER 6 FH.
Bl 22 WA 43 A =X 00 LR & 3K 3 45 4 7 2 R
Fig. 22 Schematic diagram of two-half bridge distributed

dual-motor coupling drive structure

3.3 SHIBEEPRIERS
3.3.1 UM EHE TR A%

H Al 3 b B 2 B ALK 80 73 42 5 28 DLW
BURG Y Ry 000 AR BRI 43 A 7 AN [R] B ER L
9K A X ST 43 Sk HE S il X0ER AL DY A B Bl A B 4R
RS K Sh R GG E H AT HE Tz, W
TR B % 85 4 Model Y BISR T Rip if0 2 75
Bl 6 s BRSO LR 2 B R BN IR 3 R 5
A Ay Y UG (B B R B 3k 317 kW, 100 km/h i 8 i}
B RT3k 5. 1 s fERE R Py . % 42 7E WLTC T
PR SE LA 480 km, AEFE IR F B (010,
3.3.2 MM EAEFIBEIRG AR

XUHL AL L A R A R B R 48 H RTE Tl AL
A ABJEAHAR 22 08 6] R et B kAT T K
WFFE . T RS T A R A TF T —Fh SO ALRE A 9K 3h &
B kb Y, A5 R I BRI R 23 FToR . %K R ) B AR A
EIE AN 2 AR 3h B L — A 5O BE 5 3% B OE
3 F1 i A B BHES L 59 — A 9K 3l s AL AN A RO 4
I sh i A B B AT R R R AT BB AE R s
LA AR R AR AR 2 A B L W Eh A 1Rk




10 W % oz M

%59 %

% 3% %2 15 4% A LA Sh AL AL 2, 100 ) 3 &% 2 REAS
PR A LU Sl 17

- %;ﬂlﬂ ]
{ﬁﬂ/z}ﬁ% HIALL

GEDIN
=
B

~ W
T

& 23 T3 & AU G 3K Bl i T 45 4 i 3R B R
Fig. 23 Yutong bus dual motor coupling drive configuration

schematic diagram

P 24 9 0 2 S K2 F R 038 T ot 30 5%
{9 X0 BLRUHE 7 46 3 = B B 6 B . 1%
AR LS o LB 0L L SRS 4 B
XU L A A 3 3 3D 1% 30 7 e 4
B BRI T R 2 AR I 3 R T AR A
DO

MAHL

BI—47 B 5 3 &% s B2— K BI4E il 2h 4% s C1— A AT R RAT R4
Co—A AT B4 RAT R CL—3 ] B A 4% SI—ZE M K PR
S2— A MK B s R—14 18] .

& 24 WCHHLIUHRT B 56 7 9K 3l 1% 3l 75 =X 3 181 1 s B AL
Fig. 24 Two motors, two rows of planetary gear train drive

and transmission new mode schematic and prototype

3.3.3 ZHAMALEFXBEIEF AL

2 LA L HLIK B 2R G838 W 1 e i L B YR G
JIT 28 B BESR 22—, i i L Bl VR AR B = HL ML LA
3R B & Ge Sy i T E 5 R 10 TR B H S Sl =
HAHLRSG, Bl | T IRIR & DA R i A A P i ah iR
/K SUT Ultra #8R XA 4514, B4 g =
F ML 4 F 8K 2 B85 E-tron # 8 ky Hovh — & LML A

zkxb. xjtu. edu. cn

BT R Ay 2 B A AL A B TS Bl 230 BK Sl
A5 5 B B Bl 28 G AT L 1 e ] P S B0 76 A
P o Bt A2 L e KT R BE R 38 2 100 N+ m e
[F) 2 B B R, L™ AR 9 0 432 1) R RE A AR R i 4R
o0 7 1) MERE Y

3.4 B %

VU % i 7 5K Bl 28 S8 M A i K Bl R G R R IR I 2
HUBLAS 5 3K 3l 2R 48, SR T 20 A SR 3 i 7 U 8L T
ZA L B B R A A o R UK Sl P A A
NS ER MG AN 2 H as RS — R %
SRR T A A (] [R5 LA ST
P ] A 9 A S AR AR B T R R R HL B R A
B R Y HE 2 5[]

= ALK Bl R 2R A L R B EL L A BT XL
BLAY S5 38 i & 2] B 2 B8 TE Bl > ) 42 1l R
FUE A 5 6 A2 B 7 B R o ST DL e i o A A
e A T AR T A o T R B AR R AL
SRR i n] DR AT Bl AR b 2 LR A
BC b2 THEE A 22 e o RORNS T 3l Sy PR e R #R 4 1k fiE
PP EOR B 0, = L KDL B3R B R G
BB IF 7 HAT H BRI 5

445k

(1) BBV UK 3l 5 4% 3l 22 58 ] LA BROK 5 &%
GEALE o 0TI AR ST UK AR G M DU B R G 5 4 IR R
FHEHLECER T LA B (LK 3l 2R 42 L XU AL BK 3
ARGV L Z2 v (LK B 3R G 5 3 RO 7 oR Dl 3 7 ]
LT B SR ZR S el 9K 5l 2 48 A SR S KB R S

(2) g FLIR B R GEAFAE HLACR AR T 3 i b
DR LA K REPEAS R A% ) R, T v R B 2% TR
RN TR 2R . Z i UEA I8 3h RS REAS 5
B2 b AR, AT AR 408 i B0 U 45 T AR B Al 45 He
PR T A AR RCR B B IXTA] e e 4K Bl R e YR
JIE R A 1Y 2 9 LA L R O A B IR A IR Bl S 2 Bl
AGHIRIETT 1A

(3) Z HLHLIE &5 9K 3 R G0l Lo B R L 5%
TR A LA S A FE RS 5 3 BRI, e A 0 e s
AR P R U AR LSRN A IR RS S T P A
S 22458 3R 5 UK 2l % 8 7 IR et R 2 e e O
BL T HRAE S 715 b 2 L 2 3 HLUBIL Y 20 3 00 2 i BIK 5l
RGN BEAROR LR E PR RE T

(4 O i 7. 3K 2y 22 8 R4S 300 9K Bl R 4t 2 A
19 22 H B & K 3l 28 8 . 5% o0 A X3 3 1 75 s
BT ZA AL B SRR 5, 1A IR A s ) ) )




o544

XTI, 45« HL B R G T RE IR Sl 15 A% B R ST ST ik R I

A 2o % R AL A S S A R 9 AR T N SN A AR T

(5) = HUHLBK B g 780 5 £ T AT B et AL+ B

XUHLHIL B 2544 3 3o 2 P B 2 5008 T R 24 A 42 1
SRS, R e L Bl R4 B ) B SRR E M 2
Ph o T B0 0 P R R R 45 R X EOR B 0
= HUHL R L F 3K Sl 2R e R B A RIE 5T B A
(LN

(6) ASRAYHL SIS 5153 RGN W& £

g IR — A HLRAR S T 0 A R . Z LA & OK
ARG IT R BA TR MR, TR A&
PERE I 22 v HLAE 5 UK 3l 22 S8 A M DR L B 4 R
JREHLS ) 5C B BT A

S E k.

(1]

[2]

[3]

(4]

(5]

[6]

L7]

(8]

WU Ye, ZHANG Shaojun, HAO Jiming, et al. On-
road vehicle emissions and their control in China: a re-
view and outlook [J]. Science of the Total Environ-
ment, 2017, 574. 332-349.

SADOI Y. The impact of Euro 4 automobile emission
regulations on the development of technological capa-
bilities in ASEAN [J]. Journal of the Asia Pacific
Economy, 2018, 23(2). 279-296.

IEA. Global EV outlook 2021 [EB/OL]. [2021-07-09].
https://www. iea. org/reports/ global-ev-outlook-2021.
HOSSAIN M S, KUMAR L, ISLAM M M, et al. A
comprehensive review on the integration of electric ve-
hicles for sustainable development [J]. Journal of Ad-
vanced Transportation, 2022, 2022: 3868388.
ZHANG Runsen, HANAOKA T. Deployment of
electric vehicles in China to meet the carbon neutral
target by 2060: provincial disparities in energy sys-

temss CO, emissions, and cost effectiveness [ J]. Re-

sources Conservation and Recycling, 2021, 170;
105622.
ZHENG Jihu, SUN Xin, JIA Lijie, et al. Electric

passenger vehicles sales and carbon dioxide emission
reduction potential in China’ s leading markets [ J].
Journal of Cleaner Production, 2020, 243: 118607.
TRAN D D, VAFAEIPOUR M, EL BAGHDADI M,
et al. Thorough state-of-the-art analysis of electric and
hybrid vehicle powertrains: topologies and integrated
energy management strategies [ ] ]. Renewable and
Sustainable Energy Reviews, 2020, 119: 109596.
CHAKRABORTY M R, DAWN S, SAHA P K, et
al. Evolution and present status of electric vehicles: a
comprehensive review [ C]//2024 International Confer-

ence on Computational Intelligence for Green and Sus-

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

zkxb. xjtu. edu. cn

tainable Technologies (ICCIGST).
USA: IEEE, 2024: 1-6.
BUTTERS J. COMMENT: Toyota, Tesla and the
UAW [J]. Automotive News, 2023(7112); 12-13.
CRONIN S, Trends: electric vehicle sales reached re-
cord levels in Q2 [J]. Oil Express, 2024(29); 47.
SO, XIS, B, & EEREB SR EREERE
MG G E kKRB LOI [J]. TEEVS %R,
2024, 21(6): 56-65

ZANG Lin, LIU Jiaxin, ZHAI Nuo., et al.

Piscataway, NJ,

Research
on global electric vehicle energy management patent in-
telligence and China’s development route [J]. China
Invention & Patent,2024, 21(6): 56-65.

WCBH B 5. v FELRBT AR R VR 45 R Sk 10 A SR B N 45 4
PR (1], BH S, 2024, 42(12): 6-13.
OUYANG Minggao. Prospects for the cyclical and
structural trends of China’s new energy vehicles in the
next ten years [ J]. Science & Technology Review,
2024, 42(12): 6-13.

55 B, [ 55 B O T BN &1 RE SR RE RIS 4l KR
Ml (2012 — 2020 4F) il A0 . [6 402012322 5 [EB/
OLJ. (2012-07-09) [ 2024-08-10]. https://www. gov.
cn/zhengce/ content/2012-07/09/ content_3635. htm.
TR, B TR OUER”H ST R B RE R 4k
JEXS [J]. WY RE. 2023(8) : 1048-1052.

YIN Biao, DUAN Pengfei. Development strategies for
China’s new energy vehicle industry under background
of “double carbon” [J]. Shanghai Energy Saving.
2023(8): 1048-1052.

. AR VR R R R R B SR [T, K
AR, 2024, 49(8): 187-191

WANG Pin. China’s new energy vehicle development
status and countermeasures suggestions [ J]. Automo-
bile Applied Technology, 2024, 49(8): 187-191.
WANG Rongrong, CHEN Yan, FENG Daiwei, et al.
Development and performance characterization of an
electric ground vehicle with independently actuated in-
wheel motors [J]. Journal of Power Sources, 2011,
196(8): 3962-3971.

DENG Lei, ZHAO Jin, NING Donghong, et al. De-
sign of a dual-motor powertrain with magnetorheologi-
cal planetary transmission for electric vehicles [C]//
WCX SAE World Congress Experience. Warrendale,
PA, USA: SAE International, 2024. 2024-01-2636.
TANG Zhao, XU Xing, JIANG Xinwei, et al. Opti-
mal torque distribution strategy for minimizing energy
consumption of four-wheel independent driven electric

ground vehicle [J]. Journal of Applied Science and En-




12 [ T I N 4 %559 %
gineering, 2018, 21(3): 375-384. timal sizing and energy management of a novel dual-

[19] WANG Xin. Optimal torque distribution for energy motor powertrain for electric vehicles [J]. Energy,
consumption of pure [ C]//2023 IEEE 4th China In- 2023, 275: 127315.
ternational Youth Conference on Electrical Engineering [29] TIAN Yang, WANG Zihao, JI Xiaoyu, et al. A con-
(CIYCEE). Piscataway., NJ, USA. IEEE., 2023: cept dual-motor powertrain for battery electric vehi-
1-6. cles: principle, modeling and mode-shift [J]. Mecha-

[20] TROVAO J P F. Tutorial speaker # 1: optimal driv- nism and Machine Theory, 2023, 185: 105330.
etrain design methodology for enhancing dynamic and [30] ADNANE M, NGUYEN C T P, KHOUMSI A, et
energy performances of dual-motor electric vehicles al. Real-time torque-distribution for dual-motor off-
[C]//2023 12th International Conference on Control, road vehicle using machine learning approach [JJ.
Automation and Information Sciences (ICCAIS). Pis- IEEE Transactions on Vehicular Technology, 2024,
cataway. NJ, USA: IEEE. 2023 1-2. 73(4): 4567-4577.

[21] NGUYEN C T P, NGUYEN B H. TA M C, et al. [31] ALLCA-PEKAROVIC A, KOLLMEYER P, MID-
Dual-motor dual-source high performance EV: a com- DLETON M, et al. A review of production multi-mo-
prehensive review [ J]. Energies, 2023, 16 (20): tor electric vehicles and energy management and model
7048. predictive control techniques [C]//WCX SAE World

[22] JU Fei, DU Wei, ZHUANG Weichao, et al. Profit- Congress Experience. Warrendale, PA, USA. SAE
effective component sizing for electric delivery trucks International, 2024. 2024-01-2779.
with dual motor coupling powertrain [J]. Energy, [32] KANE S, NELSON D, HUXTABLE S. Comparison
2024, 296 131055. of torque-split strategies for an independent axle, dual-

(23] 2P, skmmE. 20 R g i g 170 4 M ) Ao 1 4k motor all-wheel drive electric vehicle [C]//2024 IEEE
B RMG ZR R [T, 127 Tk R 24 ([ R B2 Transportation Electrification Conference and Expo
R, 2024, 44(4) . 222-228. (ITEC). Piscataway, NJ, USA: IEEE, 2024 1-5.
JIANG Boyao, ZHANG Liping. Review of integrated [33] ZHANG Kaixuan, RUAN Jiageng, LI Tongyang . et al.
control strategies for lateral stability of distributed- The effects investigation of data-driven fitting cycle and
drive electric vehicles [J]. Journal of Liaoning Univer- deep deterministic policy gradient algorithm on energy
sity of Technology(Natural Science Edition) , 2024, 44 management strategy of dual-motor electric bus [J].
(4): 222-228. Energy, 2023, 269: 126760.

[24] wR. WA A K3 H AR 5 0 (—) [T, [34] ADNANE M, NGUYEN C T P, KHOUMSI A, et
VRS S5 3%, 2024(8) ; 43-47. al. Real-time torque-distribution for dual-motor off-
GAO Huimin. Distributed drive technology and appli- road vehicle using machine learning approach [JJ.
cation of electric vehicle( I ) [JJ. For Repair & Main- IEEE Transactions on Vehicular Technology, 2024,
tenance, 2024(8): 43-47, 73(4): 4567-4577.

[25] YU Sheng, HASPOLAT C, YALCIN Y, et al. Mo- [35] fhAEd. bJFL. FEAE. 2%, I 3h 6k [ o T B 4K 20
tor-temperature-aware optimal energy management for SRR EERNZmaH [T]. BB ZE, 2020
dual-motor electric buses [ C]//2024 IEEE Vehicle (9) . 85-86.

Power and Propulsion Conference ( VPPC). Piscat- XU Huachao, BU Fan, CHENG Yu, et al. Analysis
away, NJ, USA: IEEE, 2024. 1-6. of influence of braking energy recovery on braking sta-

[26] W&t WES MRV R LF o0 (1], #B bility of front-drive electric vehicle [J]. Auto Time,
H 5408, 2024(1) ; 118-120. 2020(9) : 85-86.

PAN Shikun. Patent analysis of automotive distributed [36] SIDDHARTH B R, PRADEEP D J, KUMAR Y V P,
motor drive technology [J]. Science and Technology et al. Dynamic performance analysis of front-wheel
&. Innovation, 2024(1);: 118-120. drive hybrid electric vehicle architectures under differ-

[27] HU Xiaosong, LI Yapeng, LV Chen, et al. Optimal ent real-time operating conditions [ J]. International
energy management and sizing of a dual motor-driven Journal of Powertrains, 2022, 11(1). 62-89.
electric powertrain [J]. IEEE Transactions on Power [37] % JE. T ADAMS/Car ¥ 3h ZE /79K 5 5 9K 4% 7

[28]

Electronics, 2019, 34(8): 7489-7501.
TIAN Yang, ZHANG Yahui, LI Hongmin, et al. Op-

zkxb. xjtu. edu. cn

Fads Il % 05 X LA g [0, LR 4, 2019
(12): 31-34.




o544

AT L 4 L SR A AT

RESK 3l 5 1% 3 R G WE o i Jé 13

[38]

[39]

[40]

[41]

[42]

[43]

[44]

ZHANG Jiaqi. Comparative analysis of steady rotation
simulation of an electric vehicle front and rear drive ve-
hicle based on ADAMS/car [J]. Shanghai Auto, 2019
(12): 31-34.

PR, ZRBAR, ALk, A% WSl R AR e g 1% 5
BRI N R [T]. PLBAE 3, 2022, 46 (9):
11-18.

CHEN Feng, LI Weilin, HE Yinda. et al. Research
on factors affecting the reducer transmission efficiency
of electric vehicles [J]. Journal of Mechanical Trans-
mission, 2022, 46(9):11-18.

SRR AT WIAR AR, R BT AR U R A E N
Sy XA PR MG BT ST [J/OL]. P S, (2024~
08-26) [[2024-10-31]. https://doi. org/10. 19356/j.
cnki. 1001-3997. 20240824. 022.

ZHU Bin, FU Songqiao, HU Weiwei. Research on
adaptive zone shifting strategy for dual speed transmis-
sion of electric vehicles [J/OLJ]. Machinery Design &.
(2024-08-26) [ 2024-10-31]. https://
doi. org/10. 19356/j. cnki. 1001-3997. 20240824, 022.
WAL, LM, #his, & WINREMH A AMT &
WA R R [T, PUBTH 5 8F9E, 2023, 39
(6): 240-244,

SHEN Baoshan, ZHANG Meijuan, ZHONG Bing, et

Manufacture.

al. Lightweight design of a new AMT transmission
box for electric vehicle [J]. Machine Design & Re-
search, 2023, 39(6): 240-244.

ZHANG Chengning, ZHANG Shuo, HAN Guangwei, et
al. Power management comparison for a dual-motor-pro-
1IEEE
Transactions on Industrial Electronics, 2017, 64(5):
3873-3882.

DU Wei., ZHAO Shengdun, JIN Liying, et al.

pulsion system used in a battery electric bus [ J].

Opti-
mization design and performance comparison of differ-
ent powertrains of electric vehicles [J]. Mechanism
and Machine Theory, 2021, 156 104143.

W, DKEE, #EAT A, . LT REAE AR AL 09w S Bl
AL e R S L E T L S e | 1o N
iz, 2019, 43(5): 102-109

JIANG GENG Cong, XUE Qicheng,
Torque distribution strategy of FRID EV based on en-

Tao, et al.
ergy consumption optimization [ J]. Journal of Beijing
Jiaotong University, 2019, 43(5): 102-109.

AN, R, T RO L AT R b =R e Bl
RSP BCR M [T, BB B 4 (A AR R0
2024, 21(1) . 18-26.

XU Shaocong, WANG Xuanyao. The efficiency-opti-

mal torque distribution strategy for front-and-rear-axle-

[45]

[46]

[47]

(48]

[49]

[51]

[52]

(53]

[54]

zkxb. xjtu. edu. cn

type two-speed-gear electric vehicles [J]. Journal of
Shaoyang University(Natural Science Edition), 2024,
21(1): 18-26.

T SR LA BB B 2l 46 v, 3l 3 4 BE Bl 5 A R 3
FERRBEOSE (D], bt dEatscil KaE, 2022
WANG Junnian, ZHANG Zhenhao, GUO Dachang.,
et al. Torque vectoring and multi-mode driving of elec-
tric vehicles with a novel dual-motor coupling electric
drive system [ J]. Automotive Innovation, 2024, 7(2):
236-247.

LOUBACK E, BISWAS A, MACHADO F, et al. A
review of the design process of energy management
systems for dual-motor battery electric vehicles []J].
Renewable and Sustainable Energy Reviews, 2024,
193 114293.

XUE Qicheng, ZHANG Xin, TENG Teng, et al. Dy-
namic coordinated control strategy of power on gear
shifting for novel dual motor electric vehicle [J]. Sus-
tainable Energy Technologies and Assessments, 2023,
55: 102941.

DU Wei, MURGOVSKI N, JU Fei, et al. Real-time
eco-driving control with mode switching decisions for
electric trucks with dual electric machine coupling pro-
pulsion [J]. IEEE Transactions on Vehicular Technol-
ogy, 2023, 72(12): 15477-15490.

WRF: 2200 . SRS B RTEA K 4 L IR
7¢ [T, ’éﬁﬁhﬁa, 2022(8); 37-39.

PAN Lidan, QIN Xilian. Research on the application
of wheel-edge drive technology in public buses [J].
Special Purpose Vehicle, 2022(8) . 37-39.

WSt DUECE I IR Sl L S A BT AR B ) B 3 R
HITSE (D] . PR R, 2021,

WA S SR B IR Bl A A R e ) e B 5 4 R O
5% [J]. REFHEA, 2023, 48(22): 7-11.

YE Wei, HAN Qiong. Research on in-situ steering
device and control of wheel drive vehicle [J]. Automo-
bile Applied Technology, 2023, 48(22). 7-11.
AHMAD I, GE Xiaohua, HAN Qinglong. Stochastic
sampled-data multi-objective control of active suspen-
sion systems for in-wheel motor driven electric vehicles
[J]. Journal of Automation and Intelligence, 2024,
3(1): 2-18.

SRR, RS DUFE Ml Ny B ) G 1) A =X D) e L3
Z Brstifb r i wbge (1], ML R 2% 4R, 2024, 60
(6): 306-320.

ZHOU Chen, XU Feixiang. Multi-objective optimiza-
tion method for steering mode switch trajectory of

four-wheel independent steering vehicle [ J]. Journal of




14 [ T I N 4 %559 %

Mechanical Engineering, 2024, 60(6): 306-320. [68] & %K%, — Fl BUH HLES A H 3h BY 77 %% ) 2% ¥ .

[55] ZHAO Ze, ZHANG Lei, DING Xiaoling, et al. Inte- CN201720072666. 7 [P]. 2017-09-05.
grated active suspension and anti-lock braking control [69] IR K2 —F W IITEMES K R 5.
for four-wheel-independent-drive electric vehicles [J]. CN201610108910. 0 [P]. 2018-07-06.
Chinese Journal of Mechanical Engineering, 2024, 37 (70 AR R 2. — Bl XA L BURE 8 7 oL 3 42 3K 3 & 4
(1) 20. CN201710200309. 9 [P]. 2019-04-02.

[56] =FRMs. = r AL DU BK B 3 v3 4 2 4 U Bk 2y 5 4 2 4 1) (710 db st # TR, — FhosUr L 2 48 =0 & 3K 3 8
WEoe [D]. KA. HpkoRaE, 2024, CN201320168344. 4 [P]. 2013-10-02.

[57] WANG Zhenzhen, ZHOU Jun, RIZZONI G. A review [72] AR K%, —Fh XUAT B HE =X o 0K 3 B A K 9K 3l 7
of architectures and control strategies of dual-motor . CN201610829651. 0 [P]. 2018-07-20.
coupling powertrain systems for battery electric vehi- (73] =M. @BV ARESE [J]. BHLFEAR, 200603) .
cles [J]. Renewable and Sustainable Energy Reviews., 3-6.
2022, 162 112455. GU Chenglin. An overview of in-wheel motors and

[58] WANG Yong, SUN Dongye. Powertrain matching and drives for electric vehicles [J]. Electrical Machinery
optimization of dual-motor hybrid driving system for Technology, 2006(3): 3-6.
electric vehicle based on quantum genetic intelligent al- [74] VAN SCHALKWYK D J. KAMPER M J. Effect of
gorithm [J]. Discrete Dynamics in Nature and Society, hub motor mass on stability and comfort of electric ve-
2014, 2014 . 956521. hicles [C]//2006 IEEE Vehicle Power and Propulsion

[59] HAN S M, YIN X F, WU X H. Mode-switch strate- Conference. Piscataway, NJ, USA. IEEE, 2006:
gy for dual-motor coupling system of electric vehicles 1-6.
based on optimal dynamic performance [CJ//Proceed- [75] Bri/. HiAlA syl 45 Bt 5 i & 9250
ings of the 2015 International Conference on Electrical, BEEE (D] 7M. R T R, 2012,
Automation and Mechanical Engineering. Dordrecht, [76] HXE, LB, BE%. BRI B AR5 [J].
The Netherlands: Atlantis Press, 2015: 146-149. PLB L5 B 3ifk. 2009(2): 196-197.

(607 #Esesh )y By A FRZ2 Al X HLAT B HE 5 BK 3h R 4e TANG Shuangging. WANG Jiaoju, ZENG Hubiao.
CN201220750254. 1 [P]. 2013-06-12. Study on electric wheel driving technology [J]. Me-

[61] ZHU Bo, ZHANG Nong. WALKER P, et al. Two chanical Engineering & Automation, 2009 (2): 196-
motor two speed power-train system research of pure 197.
electric vehicle [CJ//SAE 2013 World Congress & L77] KRB, 4B, BaiemR 555 (] At
Exhibition. Warrendale, PA, USA: SAE Internation- ZZiE . 2004(4): 16-18.
al, 2013: 2013-01-1480. SONG Youchuan, JIN Guodong. Classification and

[62] KWON K, SEO M, MIN S. Efficient multi-objective characteristics of electric wheel in new-generation elec-
optimization of gear ratios and motor torque distribu- tric vehicles [J]. Urban Public Transport, 2004 (4) .
tion for electric vehicles with two-motor and two-speed 16-18.
powertrain system [J]. Applied Energy, 2020, 259: (78] Wi+t S a Wit 50487 [D]. B X
114190. K, 2013.

[63] F5il % & e A R A WL B LK ) & 48 7 4 4 - (791 #F. $80a MRSl 3R & i il S R fF ¢ (D]
CN201821670907. 9 [P]. 2019-08-30. KA. #fhoRe:, 2013

[64] T Mty A BRA |l 4 3l XU ML SR AT B HE 3K 3l (807 AHAMBFFEFIHA B A FRA B, AL L4458 T 42 IR TE
F YR 4l B 7R 4. CN201721785955. 8 [P, 2018- ForP iy B M AR % R . CN200580031698. 2 [P,
09-11. 2011-07-27.

[65] LifFaciiey, LR ish HRHARA R, XUTE [81] k4. AAM LA KL AR EF T ZHMBWE B D
i 5 28 XU HILIR] il A 43 3K 3l R 48 . CN201621007166. 7 BLLT]. R 3 A 5 49 TR, 2017, 55(4) . 77.
[P]. 2017-04-12. Anon. Seiko developed the world” s first hub motor

[66] =28k, BUHLHLIK Zh 4l v 3h i 70 % 42 3h A @A 55 5k s with gearbox [J]. Agricultural Equipment & Vehicle
ek [DI. Wik Wk2%, 2017, Engineering, 2017, 55(4); 77.

[67] U TR, BBy 4 S B A AR A A8 4 B % [82] GUNJID, MATSUDA Y. Hub bearing. speed reduc-

B By A% . CN201210024534, 9 [P, 2014-06-25.

zkxb. xjtu. edu. cn

tion mechanism, and in-wheel motor: US 2013/




o544

XTI, 45« HL B R G T RE IR Sl 15 A% B R ST ST ik R 15

[83]

[84]

[85]

[86]

[87]

[88]

[89]

[90]

[91]

0217529 Al [P]. 2013-08-22.

FENG Z., DU W, CHNG C B, et al. Meta-learning-
based predictive energy management for 4WD battery
electric vehicles [J]. IEEE Transactions on Vehicular
Technology, 2023,73(5): 6395-6408.

FENG Z, ZHAO S, GAO W, et al. Study on a novel
in-wheel motor driving system driven by two perma-
nent magnet synchronous disc motors [ J]. IEEE
Transactions on Vehicular Technology, 2023, 72(5):
5922-5933.

VIR E R, MR E X BI2Eg R RE GG
99 4 % % B PL. CN201910643568. 8 [P]. 2021-
04-27.

PhAR. 305 WK 3 & 4 o A 0K 3 15 R 4 iR
It [D]. BUH . HUN i FRHE K, 2022.

CHEN Huipeng, WANG Weiyang, ZHU Shaopeng.,
et al. Design of an adaptive distributed drive control
strategy for a wheel-side rear-drive electric bus [J].
Electronics, 2022, 11(24) . 4223.

BERGQVIST R. MONIOS J, JONSSON J. Potential
for rapid adoption of battery-electric heavy-duty trucks
for pre-and post-haulage at intermodal terminals [ ] ].
Research in Transportation Business & Management,
2023, 50: 101035.

MULLER C. Transition to battery-electric and fuel
cell heavy-duty trucks: a multi-level, multi-dimen-
sional approach [J]. Transportation Research: Part D
Transport and Environment, 2024, 127 104052,
UM IR M-SR eActros ZiHLE) R A HES)
B B ep R R [T, VR4 SR, 2021 (14) .
49-51.

YUAN Chengkun. The mass production of Mercedes-
Benz eActros pure electric truck drives the transition of
the transport industry to carbon neutrality [J]. Auto-
mobile & Parts, 2021(14): 49-51.

HONG Xiangian, WU Jinglai, ZHANG Nong, et al.

[92]

(93]

[94]

[95]

[96]

[97]

[98]

[99]

The dynamic and economic performance study of a new
Simpson planetary gearset based dual motor powertrain
for electric vehicles [J]. Mechanism and Machine The-
ory, 2022, 167 104579.

LOH E. 2022 Volvo C40 recharge [J]. Motor Trend,
2023, 75(1): 55.

FOWLER S.SAME CLASS: Tesla Model Y perform-
ance [ J]. Auto Express, 2023(1808): 48.

e B RE WK G Ry AR A . S LA 2 3l
JitEEh Z % . CN201510088739. 7 [P, 2015-06-10.
N 38 % G By A IR R — U -2 AT A HE
gy 1% B KO B R . CN201610238910. 2 [P]. 2016-
08-17.

db 50 H T R S — B O AL B RS A B Bl
CN201010100671. 7 [P]. 2011-07-27.

RNE. i REFEICBIE A E S R IR 5
WM AT (D] Jbat. bt TR, 2011,

HAN Guangwei, ZHANG Chengning, DONG Yu-
guang. Development of measurement and control system
of test bench for dual motors coupling propulsion based on
LabVIEW [J]. Journal of Beijing Institute of Technolo-
gy(English Edition), 2014, 23. 135-141.

VO A2 R — R B 22 45 =X e, 3l 9 4 3K 3
TG 1% B KK 4 CN202010439863. 4 [P]. 2021-
07-27.

[100]79 4 2238 K2, — R XUIK 2 I 5 3UHEAT B e R 2

A3 R4 5% . CN202110189250. 4 [P]. 2022-
06-03.

[101JDOERR J, FROHLICH G, STROH A, et al. ZH=

zkxb. xjtu. edu. cn

LB 1) Audi E-tron S IR R4 [J].
WAESH s H, 2021, 4(3) . 22-27.
DOERR J, FROHLICH G, STROH A, et al. Audi
E-tron S automotive electric drive system based on
three-motor design [J]. Automobile and New Power-
train, 2021, 4(3). 22-27.

(Y 4

XM )






