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Abstract. Significant research has been directed towards developing the electric vehicle (EV) to reduce the energy consumption and exhaust 
emissions. Focusing on the distributed drive electric vehicles (DDEVs) offering flexible chassis arrangement and brief drive lines, this paper gives an 
overview about the basic topologies and characteristics. The energy saving strategy to increase driving range is also discussed. Existing problems 
and prospects for future research on improvements of topologies, optimized torque distribution and drive system efficiency are analysed as well.  
 

Streszczenie. W artykule zaprezentowano przegląd wiedzy na temat nowej generacji samochodów elektrycznych – samochodów z wieloma 
napędami elektrycznymi – DDEV (distributed drive electric vehicles). Omówiono topologię i charakterystyki tego typu pojazdów oraz strategie 
oszczędności energii. (Nowa generacja samochodów elektrycznych z wieloma napędami – DDEV (distributed drive electric vehicles)) 
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Introduction 
Along with the development of the society and the 

science technology, not only has vehicle become the 
indispensable transportation in people’s daily life but also 
has led to excess energy consumption and environmental 
contamination, which attracts much more concerns of the 
world. The required cut in CO2 and other contaminant 
emissions may not be achievable solely through 
improvements to the traditional internal combustion engine 
vehicle (ICEV) or using alternative fuels like biofuels. New 
solutions need exploring and these problems can be solved 
by EV technology. [1-4] 

Within various EV topologies, DDEVs [5-7] with 
characteristics of higher efficiency drive systems and 
control flexibility have been considered as promising 
vehicles with potentials in emissions and energy 
consumption reductions. The electric motors of DDEVs are 
not only information units providing speed and torque 
signals, but also control units regulating drive or brake 
torques. As a result, DDEV can achieve higher energy 
efficiency and motion control performance which are further 
beyond the capabilities of ICEV.  

In order to make EV more widely used, many key 
techniques of the vehicle itself, such as quick charging 
management, increasing driving range, enhancing safety 
and driving performance, must be solved in acceptance of 
infrastructure establishment like charging stations. Besides, 
the drive system efficiency of DDEV which directly affecting 
the driving range is an essential factor needing in-depth 
studies. 

 

Topologies and Characteristics of EV Drive System 
According to the topology of drive system, EV is divided 

into two types: the integrated drive electric vehicle (IDEV) 
and DDEV. IDEV is derived from ICEV and they are similar 
in transmissions, drive drafts, differentials and etc. 

From the world wide aspect, IDEV is in the majority 
among EV platforms, such as E-MINI, Ford FCV P2000 and 
Nissan Leaf [8-10]. And we Clean Energy Vehicle 
Engineering Centre (CEVEC) in Tongji University also have 
done much research about IDEV recent years, such as Audi 
A6LE and BMW ECHO Project. 

On the other hand, DDEV which is still in the prototyping 
and pre-market phases includes several topologies (as 
shown in Fig.1). Nobuyoshi Mutoh, et al. [7, 11-12] have 
developed a front and rear wheel independent drive type 
electric vehicle (FRID EV), by arranging a permanent 
magnet synchronous motor and an induction motor for 
driving the front and rear wheels respectively, which is 
possible to improve failsafe control and drivability. GM 

Sequel’s “Electric AWD” architecture [13-15], which has a 
single electric motor (60kw) to drive the front wheels and in-
wheel motors (2*25kw) to drive each of the rear wheels, 
makes the total power up to 110 kW. And with fuel cell and 
high voltage lithium ion battery system, Sequel provides 
satisfying acceleration ability and driving range for more 
than 300 miles on public roads under typical driving 
conditions without refueling. Meanwhile, all-wheel drive 
vehicles (IWDVs) are prevalent research objectives, for 
example, Luciole [16] and IZA [17], especially eight-wheel-
motor-drive vehicles like KAZ [18] and Eliica [19], and also 
“Chun Hui” series which have been developed in CEVEC.  

 

 
（a）FRID EV 

 
（b）Sequel 

 
（c）Chun Hui Explorer 

 
Fig. 1 Topologies of DDEVs 
 

From the above references it can be seen that, the 
choices and allocations of electric motors are very flexible in 
DDEV chassis arrangement, and there are several key 
features that clearly distinguish DDEV from ICEV and IDEV 
as well. 
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First of all, the electric motor technology allows fast and 
accurate torque control, compared with ICE, and the electric 
motor system is much more efficient than ICE system. The 
electric motor system, reduction gears, wheel bearing and 
mechanical brake can be assembled as a modular of 
aggressive power density and performance, which is to the 
benefit of enhancing vehicle drivability [20-21]. Moreover, 
DDEV especially IWDV has a compact and simple 
drivetrain due to the exclusion of transmissions and 
differentials which are indispensable in ICEV and IDEV, 
which is not only favor of energy loss reduction and system 
efficiency increase but also facilitates chassis arrangement 
and inspires new characteristics of vehicle body design that 
of explicit difference to ICEV or IDEV. Also, compared with 
ICEV and IDEV, ABS, TCS, ASR and DYC of DDEV can be 
more easily achievable by controlling the driving/braking 
torque of each wheel independently and precise 
measurements of the rotational speed of each wheel, which 
improving vehicle maneuverability and safety on different 
road conditions [23-30]. In addition, DDEV can maximize 
the regeneration of braking energy, which consequently 
improves the driving range [31]. 
 

Energy saving strategy of distributed drive electric 
vehicle 

At present, the limited driving range of EV still remains a 
challenge for mainstream OEM car manufacturers and 
institutes due to reasons such as lower energy density and 
high price of battery packs and the drawback of charging 
time by the limitation of battery technology. With certain 
capacity of onboard battery, the driving range is highly 
related to energy efficiency of the vehicle. That is why 
strong emphasis is supposed to be placed on energy saving 
strategy research for DDEV. 

 

I. Torque distribution for energy saving strategy 
While much research on torque distribution strategy of 

DDEV have paid attention to active safety related object 
such as driving stability up to date, much fewer studies 
contribute to the optimized torque distribution (OTD) of 
driving/braking torque for reducing energy consumption and 
enhancing driving efficiency. 

Nobuyoshi Mutoh and co-workers [7, 11-12] investigated 
into load transferring and slip rate control of FRID EV during 
acceleration and braking under various road conditions. 
They optimized distribution ratio of driving/braking torque on 
front and rear wheels, proving that the energy consumption 
could be reduced by 30% and the acceleration and braking 
performance were improved simultaneously. Fan JJ et al. 
[39] proposed an economical control method for an EV with 
three driving axles. The energy efficiency was increased by 
13.98% from 59.11% up to 73% by using a distribution ratio 
optimized by complex method instead of the constant 1:1:1 
ration. As to the more prevalent IWDV, Yu Zhuopin et al. 
[40] and Wang Bo et al. [41] have developed economical 
torque distribution strategies and simulation results showed 
that by OTD strategies, the electric motors worked closely 
to the highest efficiency region and the overall efficiencies 
could be increased by 3% and 6%, respectively. 
Unfortunately, all aforementioned methods which do not 
take cornering into consideration are only applicable to 
straight driving situations.  

During cornering motions, the direction of tire traveling 
velocity is slightly differed from that of tire rolling velocity, 
which causes tire slip velocity (as shown in Fig. 2). 

The slip velocity sV  can be defined as the difference 

between rolling velocity 
r�V  and traveling velocityV , or 

(1)                     VVV rs  . 

And the slip velocity causes friction loss on the surface 
between the tire and ground, defining the energy loss 

W due to the tire friction as 

(2)                    
ss VQW  , 

where: Qs – the component of driving force Q on direction of 
slip velocity Vs. 

 

 
Fig. 2 Slip velocity on a wheel 
 

Junya Yamakawa et al. [42] established a function 

based on the energy loss W  and simulation models to 
analyze driving performance and energy consumption of 
DDEV with different drive systems during on slop and 
turning motions. Zhang HH et al. [36] proposed a 
coordinated torque distribution method to minimize slip 
power loss by optimizing rolling velocities of four wheels, 
and indicated that the vehicle had the lowest energy 
consumption while maintaining neutral steering 
characteristic during cornering by analyzing friction loss of 
vehicle cornering driving. Yan Chen and Junmin Wang [43, 
44] considered IWDV as an over-actuated system and 
adopted a sliding mode controller to track the desired planar 
vehicle motions and an energy-efficient control allocation 
scheme based on the Karush-Kuhn-Tucker conditions to 
improve power consumption. The simulation results 
indicated that the proposed algorithm was much faster than 
the commonly-used active-set method. The research 
mentioned above may have well pointed out the way to 
further improve overall efficiency of DDEV but experiments 
verification is also necessary. 

The aforementioned literatures have led the author to 
the conclusion that the research on energy saving strategy 
for DDEV is making progress, while not many of the studies 
take the approach of OTD to increase energy efficiency. 
Besides, the drive system efficiency which has much effect 
on overall vehicle efficiency has not been mentioned. 

 

II. Drive system efficiency for energy saving strategy 
Energy saving strategy for DDEV includes not only OTD 

but also improvements on drive system efficiency. 
Distributed drive system includes mainly two parts: electric 
motor system and drivetrain. Its potential in improving 
energy efficiency has not been fully explored. According to 
the study of Masayuki Terashima and co-workers [17], apart 
from the energy consumed by battery internal resistance, 
rolling resistance and air drag about 60.9% of the total 
energy is lost in motor and motor controller by an in-wheel 
drive system at four-mode-operation. That means either 
reducing motor loss or improving controller efficiency can 
make improvements to the overall energy efficiency [45-47]. 
Another way is the application of new kinds of motors. 
Tuyoshi Nonaka et al. [48] designed a variable magnetic 
flux motor (VMFM) with an efficiency superiority of 20% to 
the conventional steady-field-magnetic-flux motor. And 
axial-flux motors (Fig. 3 shows one example) which can be 
fitted into the wheel rim have been developed by J. F. 
Eastham [49], Khwaja M. Rahman [50] and S. L. Ho [51]. 
Also an outer-rotor permanent-magnet flux-switching 
machine [52] has been designed for EV propulsion (Fig. 4). 
The novel motors have the merits of not only lower 
unsprung mass but also higher torque density and less 
power loss. 
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Fig. 3 An example of axial-flux motors 

 

  
Fig. 4 Topology of an outer-rotor PMFS machine 

 

Drivetrain efficiency is another important factor that 
cannot be ignored. The power loss map of the motor on 
electric buses (Fig. 5) [53] demonstrates a way to analyze 
drivetrain efficiency of DDEV.  

 

  
Fig. 5 Power loss map of the motor on electric buses 
 

When it comes to the drive system of DDEV, it refers 
mainly to the reducer, universal joint and drive shaft. Similar 
to the drivetrain of ICEV, the power loss that involves 
toothing, bearing and churning losses mainly occurs in the 
reducer of distributed drive system [54-56]. As mentioned 
above, planetary gear and fixed axis gear trains are 
generally adopted as the reducers for DDEV. References 
[57-60] derived the calculation equations of mechanical 
efficiency in planetary gear trains and analyzed the power 
stream, but most of the methods ignored the influences of 
speed, load and acceleration/deceleration. In fact, the 
efficiency of gear trains in vehicles is sensitive to load. 
Mantriota, G. [61] putted up with a method that took account 
load dependent power losses and inertia effects for 
predicting efficiency of multi-degrees-of-freedom epicyclic 
gear trains, which is a valuable method to analyze the 
efficiency of reducers in DDEVs. Meanwhile, Cui Li [62] 
investigated the efficiency of planetary gears in an 
automatic transmission and indicated that different 
engaging efficiencies existed between accelerating and 
decelerating gears. And accurate calculation equations of 
engaging efficiencies of spur gears and spiral gears at 

either accelerating or decelerating situation are obtained. 
The above research which aimed on planetary gear trains 
laid a solid foundation for the design and analysis of the 
reducer in the distributed drive system. Liu Feng [63] 
analyzed test data of performance of constant velocity 
universal joint and obtained universal joint efficiencies with 
different working angles. The results can further guide the 
configuration of universal joint on DDEV. 

In conclusion, higher overall efficiency of DDEV can be 
achieved if future research contributes to fundamental 
technical issues such as the electric motor and motor 
controller efficiency and the efficiency characteristic of 
drivetrain. Further study and design of drive system 
structures as well as OTD based on drive system efficiency 
need more exploring. 

 

Conclusion 
Although significant progress has been made in DDEV 

which plays a crucial role in the plan to improve the 
dynamic performance and energy efficiency, the complete 
potentials have not been realized so far in a mass-
production vehicle. Since energy saving strategy of DDEV 
is the most important factor affecting driving range, this 
paper reviews the state-of-the-art research that has been 
accomplished to understand OTD and drive system 
efficiency. Further, the author reveals significant 
opportunities of research which are necessary to design 
novel/efficient distributed drive systems. Based on the 
aforementioned literature, the improvements to energy 
efficiency of DDEV have attracted attention in the past 
decade. However, OTD is not adequate for energy saving 
strategy and many existing problems need more exploring. 
Detailed knowledge on characteristics of electric motor 
system and drivetrain, at both driving and regenerative 
braking modes, are necessary for further research on 
improving DDEV operational energy efficiency. Especially 
characterizing the efficiency map of the drive system is a 
challenging work and deserves further in-depth studies. 
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