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l St IKFNEEESZE/Distributed Drive Electric Vehicle
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Increase the interior space Reduce the minimum turning radius Increase vehicle design freedom
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Reduce vehicle weight Optimize energy efficiency Advanced dynamics control

-EiFe. ETFEEEENBESINESC R, SFa/iRi5000-85001Eas, A 30%IEEE, />80%H
;&5 [FERIsZIBEE, > 50% 3T EEH.

*Active Safety: DYC based ESC products save 5000-8500 lives per year, reduce 30% direct impacts,
80% traffic accidents caused by lateral instability and 50% traffic accidents.
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« Economy: Efficiency of well-designed DDEVs is 155% higher than ICVs, 19%-42% higher than

centralized EVs.
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l Tongji Achievements in DDEV R&D
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l Tongji Achievements in DDEV R&D

> JMEFIERRBIRS (2006-2008) > BERARRiES (2004-2010)
» Outer rotor in-wheel motor (2006 2008) > Test bench for vehlcle and motor(2004 2010)
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BN, g ooy S SRS (2005-)
> 1757&2;_‘\259513@51],%_}‘5 (2007-2008) > Research in dynamic control of in-wheel

> Planet reduction gear (2007-2008) motor electric vehicles (2005-)
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i (C=IEIE/ Main Programs

IiiE 3kil&/ Resource IMBE &%/ Program
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Natin?glgg;;-ll;jii'ect Study on the Key Basic Problems of High Performance Distributed Drive
) Electric Vehicles

. . SR BN EIKE I SRR AR SN A
Nati?%fﬁgggl_gyo'ect Research and Application of Key Techniques for Efficient and Lightweight
y ) Wheel Direct Drive Electric Wheel Assembly

R EPRE{ I hiSiB aRe VF RS, BBIRFENKERATR
International Science & Technology Sino-German Clean Energy Vehicle Power System, Power Supply and
Cooperation Program of China MOST Motor Key Technology Development
E2<8631tXl L e [2Shy e S 25 N
National 863 Project Research on Key Technologies of Four-wheel Drive Electric Vehicles

FINFBIKENR TR R T N E RN FAFRATHFR
Research on Key Components of Chassis Electric Drive System and Chassis
Application Technology

E2:863 itk
National 863 Project

EZ PR FENSE DI\ IKEN R G A
National Key Technology Support Project Distributed Drive System Research and Development of Electric Vehicles
o o 5 R/ ORI S EEMURE RS IIRIT R o T iRz
Egﬁ‘éﬁi@&??gé Wheel Hub/Wheel-side Electric Drive Vehicle Eclecticized Chassis System

Optimization Design and Distributed Coordination Control
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Distributed Drive Electric Vehicle Dynamics Control
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l DDEV Integrated Control

P IRCNEB TS ELEM455a/ Structure features of DDEV
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l DDEV Integrated Control

S IERBENISFEZIUEA / Key Technology of DDEV
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R Sl 5 Integrated control | E#h%2/ active safety J
VMS and dynamics control
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—{S S EURIT RS/ Integrated Parameter Estimation System
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LAR BERU ALl
for driving/braking, handling and

energy control

vEL[RE / mass I\/I

viTIIRE / slope

vy\[EIZER / longitudinal speed
v BREIMIE E 2] / tire-road friction
v IRICMURE / sideslip angle

2. DK S E N NFERH R ERSS S —IMUEITTTE,
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Yuan F, Lu X, Zhuoping Y U, et al. Recursive Least Square Vehicle
Mass Estimation Based on Acceleration Partition[J]. Chinese
Journal of Mechanical Engineering, 2014, 27(3):448-459. (SCIt§%)
Xia X, Xiong L, Sun K, et al. Estimation of maximum road friction
coefficient based on Lyapunov method[J]. International Journal of
Automotive Technology, 2016, 17(6):991-1002. (SCIt§%R)
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EERIEN;BIE=EE/ Robust adaptive SRC
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Nonlinearity of pneumatic tire
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« Average ax raised 33%
on low-u road
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HEERE=ES83%

« Average ax raised 83%
on split-y road

- IREPE REF AiEd
90%

* Road friction usage
rate over 90%

< BRI SATEVF0.3s

« Slip rate convergence
time less than 0.3s
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Yu, Z,, Zhang, R, Lu, X., Jin, C,, & Sun, K.. Robust adaptive anti-slip regulation controller for a distributed-drive electric vehicle considering
the driver’ s intended driving torque. Proceedings of the Institution of Mechanical Engineers, Part D: Journal of Automobile Engineering, v
232, n 4, p 562-576, March 1, 2018. (SCI#§Z)
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EERIENBIZ=EE I/ Robust adaptive SRC
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33% acceleration improvement on low-u road, 83% on split-y road.
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Proving ground in Tongji University MAXXIS proving ground, Jiangsu CATARC Hulunbeier winter proving ground
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EEEIEMNBEEE I/ Robust adaptive SRC
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Slip rate convergence time of DDEV is only 0.3s, much less than ICV.
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gEhﬂc{tﬂgigﬁMﬁﬂiﬁhﬁﬂ Multi-objective handling improvement control
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Yaw rate response B %E Fvs T motor capability Assist characteristic
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Feed-forward gain concerning power-
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Multi-objective
optimization feedback gain

assist, steady/transient performance
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- ST S ISR AR 1 5% LA L, FHREEERE(E10%-20%

« Slalom test steering wheel angle has been reduced by 15%,steering wheel torque has been reduced by 10%-20%

- IS EEi e AR AR R N AT E)R 2 10% LA L

« Steady circle test yaw rate response time has been reduced by more than 10%

o

\.

Zhuoping YU, Bo LENG, Lu XIONG, et al. Direct Yaw Moment Control for Distributed Drive Electric Vehicle Handling Performance
Improvement[J]. Chinese Journal of Mechanical Engineering, 2016, 29(3):486-497. (SCI1§%%)
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Tire cornering stiffness adaptive based stability control
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Tire cornering stiffness
nonlinear characteristic
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Adaptive LQR controller
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Tire cornering stiffness adaptive based stability control
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Tire force coupling

- (B ESEERESEIFEIESE10%-15%, REHBEMTEFESCRIESIUIKE.,
« Low adhesion road emergency obstacle avoidance test: maximum passing velocity
increased 10%-15%, stability margin better than traditional 4WD vehicle with ESC

LuXiong, ZhuopingYu, YangWang, et al. Vehicle dynamics control of four in-wheel motor drive electric vehicle using gain scheduling based
on tyre cornering stiffness estimation[J]. Vehicle System Dynamics, 2012, 50(6):831-846. ( SCIi&%)

Leng B, Xiong L, Yu Z, et al. Allocation control algorithms design and comparison based on distributed drive electric vehicles[J]. International
Journal of Automotive Technology, 2018, 19(1):55-62. ( SCIt&%)
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NS E =/ Handling and stability control
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Slalom without control
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NS E =/ Handling and stability control

BT L%, B

Slalom with control
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EISE MRS/ Handling and stability control

KERE TR, FoE

Obstacle avoidance without control
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EISE MRS/ Handling and stability control

KRR, BiEd

Obstacle avoidance with control
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BeFE{L{LERES/ Energy consumption optimization strategy

RARE: S5<SECEEMER, BRIBIAFFESHMAOBIEE, BHESK
s R D ECAE Sz ECRIBERE LI RES.

Driving torque distribution strategy and hybrid brake strategy were designed for energy
saving based on ECE laws, motor efficiency and battery characteristics.
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Diagram of multi-objective
hybrid brake strategy
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Energy consumption rate was decreased by 8.3% in a ROEWE E50 and 5% in a

distributed bus.
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EtEmEREN s E/ Skid steering vehicle dynamlcs control
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The skid steering special vehicle can follow designed trajectory, all road drive; and

the convergence time of wheel slip rate on low-u road can be reduced by more than 50%

compared with the uncontrolled vehicle.
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i FSRRIAI/ Applications

20105 HigtHERENBRIR BB To hIVIERIRYEE, FRE ListHEQkiisE
RRERS.

In 2010 Expo Shanghai, Tongji University realized DDEVs' first demonstration
operation in China and won the award from the Chinese government.
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| e
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Expo DDEV tour bus (12 Seats) Expo DDEV tour bus (4 Seats)
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/ Applications

48R HIER)

4 by-wheel motor driving

SEERIGEER B R Vehicle tests results:

KR K=215) > RMEREEHNEREERS
.~ Low floor, large space L__W . . . ..

B »  Obvious improvement of drive efficiency under low-u ground

'qEﬁle:ﬂ N VA= -~ —_
. il - > EESHESHENNE, TEMTHES

BRAMRS {_‘ »  Oversteer character is improved, subjective/objective score is improved
Control lability improvement
L > BEREREEL5%, ZFMEHKE
] |

r. Stabﬁ%?t??oﬁjt - H >  Power consumption decreases about 5%, economical efficiency is improved

ERESERGIAT | Institute of Intelligent Vehicles « Tongji University



/ Applications

BEEZRE(K)

Curb weight(kg) 1260
RiRES
Tire type 175/60 R13
BHLIIE (kw) 52
Motor power(kw)
BB E (kwh) 18
Battery (kwh)
&= 1R (km/h) 156

i Max speed(km/h)

ERERZE = i
| B AT 050t
1 Max climb level

BI3HIREN 75 = Front wheel drive
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30%
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Power battery

FEEIRFNZR S Vehicle driving system
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A RN 7O R 2B nJ3fe FH A

Four-wheel independent drive electric car
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