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Abstract: We seem going through a tough time. The remaining fossil fuel is limited and the price is higher 
and higher. Tens of millions brand new vehicles go into markets every year. This causes serious 
environment problem, especially in some developing countries. Electric vehicles (EVs), as the most 
promising environment friendly transportation, attract significant attention of OEMs and researchers when 
the using of traditional fossil fuel based vehicles are restricted by many metropolis to alleviate air pollution 
and reduce the reliance on imported crude oil. However the consumer acceptance of EVs is still restricted 
by the limited range in comparison to its counterpart-internal combustion engine vehicles. More and more 
people attempt to integrate various transmission systems to EVs to extend the mileage and improve the 
performance of electric vehicle. Continuously Variable Transmission and Dual Clutch Transmission are 
two popular options currently. Their characteristics are considered more suitable than other transmission 
systems to the powertrain of EVs. In this paper, two models have been designed to simulate the city cycle 
performance for EVs equipped with CVT and 2-Speed DCT respectively. A comprehensive comparison 
has been made to discuss the advantages and disadvantages of two different multispeed transmission 
system applied on the EV, which includes both propelling and regenerative braking circumstance 
considering the structure complexity, cost and efficiency. 

The results show that CVT has a better performance than 2-Speed DCT in most driving circumstance, 
unless the CVT working at a low efficiency area. For Braking energy recovery, the 2-Speed DCT nearly 
works as well as CVT in all the conditions. 

Keywords: CVT, DCT, Regenerative Brake 

 

I Introduction 

Due to the high price and better dynamic torque performance of motor, multi-speed transmission system 
is not an essential part of early EVs. But for the requirements of better launch performance, high cruising 
speed and energy saving, creating smoother-shifting, more energy efficient, and lighter weight 
transmissions for electrified vehicles is inevitable. By using a transmission an EV can work at more 
efficient operation points and draw less power from the battery. Up to now, continuous variable 
transmission (CVT) and dual clutch transmission (DCT), depending on their smooth shifting process and 
relatively high torque transfer efficiency, are considered to be the best choices for EVs. Due to the 
inevitable power interruption and low torque transfer efficiency, manual transmission (MT) and Automatic 
Transmission (AT) are not within the consideration scope. 

A continuously variable transmission (CVT) offers a continuum of gear ratios between desired limits, 
which consequently enhances the fuel economy and dynamic performance of a vehicle by better matching 
the engine operating conditions to the variable driving scenarios. The basic configuration of a CVT 
comprises two variable diameter pulleys kept at a fixed distance apart and connected by a power-
transmitting device like belt or chain. One of the sheaves on each pulley is movable. Srivastava, Nilabh 
and Haque, Imtiaz elaborated the basic concepts, dynamic models and control strategy of CVT. [1] The 
belt/chain can undergo both radial and tangential motions depending on the torque loading conditions and 
the axial forces on the pulleys.  This consequently causes continuous variations in the transmission ratio. 
This characteristic is very similar to the adjusting ability of electric machine. Comparing to internal 
combustion engine, the electric machine can reach a wider torque and speed range by itself without any 



  

  

power interruption. To retain this superiority, many researchers and OEMs choose CVT as the 
transmission system for EVs. Daisuke Gunji and Hiroshi Fujimoto proposed a toroidal CVT for EVs and 
prove it has advantage over the single ratio transmission for high torque - low speed region and low 
torque - high-speed region. [2] Galea, F added a continuously variable transmission system to an EV to 
investigate the possible improvement of vehicle performance [3]. A. Aïttaleb et al. presented a method to 
calculate the efficiency of the transmission based on the mechanical efficiency of the planetary gear train 
integrated. [4] Volker Wicke et al. introduced experimental drivability investigations. Then, the 
experimental data are used as the parameters of a prediction simulation program to predict the 
comprehensive driving performance of EV equipped with CVT. The results demonstrate that the CVT can 
satisfy all the driving requirements. [5] 

Comparing to CVT, few people have noticed that Dual Clutch Transmission (DCT) as a higher efficiency 
transmission system may be more suitable for EVs than other transmissions, especially with a simpler 
structure when only two speed ratios are utilized. 

DCT represent allow obtaining torque transfer from one clutch to another without interrupting traction, 
thanks to the controlled slippage of the clutches. The two clutches are engaged alternatively in different 
gears and power transmission continues during a shift through the control of clutches torques. A shift 
process involves the engagement of the oncoming clutch and the disengagement of the off-going clutch. 
[6] With up to 15% better fuel efficiency compared to planetary-ATs, the DCTs are the first automatics to 
provide better values than manual transmissions. Higher top speed and, more important in everyday 
driving, better acceleration compared to planetary-ATs and CVTs are additional benefits. [7] Paul Walker, 
et al. firstly studied the performance for different transmission ratios using both single speed and two-
speed gearbox configurations to provide a comparative assessment of the EVs. [8] Then he presented a 
compact model of a two-speed electric vehicle to be used to evaluate performance specifications and 
range simulations. The results demonstrate that the multi-geared vehicle is capable of meeting several 
performance criteria for acceleration and grade climbing, and provides a longer range comparing with the 
EV only using first gear. [9] Zhu Bo, Nong Zhang et al. experimentally validate the compact 2-speed DCT 
significantly improve mileage per charge and drivability with an optimized shifting algorithm. [10] The 
performance improvements through the elimination of the torque interrupt during shifting benefits from the 
remove of the torque converter as a launch device, were impressively demonstrated through the super 
performance of wet Dual Clutch Transmission (DCT). [11] 

Regenerative braking recovery system, as a unique function in EVs and HEVs, helps recapture the kinetic 
energy, which is usually wasted in heat by friction brake in traditional brake system. Regenerative brake 
force is supplied by generator via transmission system. So, the performances of motor and transmission 
system affects energy recovery efficiency. Jiageng Ruan, Paul Walker et al. presented some relative 
results about regenerative brake based on a 2-speed DCT. [12] For the given torque demand, there must 
be a point where the motor efficiency is highest. Motor speed needs to be adjusted to the corresponding 
point to attain the best fuel efficiency.  CVT can change its ratio continuously in wide range. There is a 
great chance to achieve the best ratio for CVT.  

However, the benefit may be overcome by the intrinsically lower efficiency of the CVTs cause for a 
complicated high-pressure hydraulic actuation system---torque converter. Therefore, it is hard to say 
which transmission system is more efficient to EVs considering the regenerative brake.  

In this paper, an integrated EV model is designed in Matlab/Simulink, which includes driver, vehicle 
control, motor, transmission, battery, driving cycle and brake torque distribution units, to simulate the 
driving and braking performance of EV based on CVT and 2-speed DCT separately in several typical 
driving cycles.  

Secondly, an optimal shifting algorithm is defined in a look-up table for CVT to attain the best fuel 
economy. The gear ratio is determined by vehicle speed and throttle pedal position. 

Then, in DCT unit, the shifting schedule is divided into two modes. One is economic shifting and the other 
is power shifting. Stateflow/Simulink and look-up table are used in these two algorithms to choose the next 
gear. 



  

  

Next, an optimal braking energy recovery algorithm is added to save batter energy and extend mileage 
per charge. The energy saved by regenerative brake in different driving cycles for CVT model and DCT 
model are compared.  

At last, a conclusion about the advantages and disadvantages of CVT and DCT applied on the EVs is 
made. 

2 Electric Vehicle Model 

In order to make the simulation results more convincing, all the parameters in the model are from real 
devices used in this experiment. (E.g. Permanent Magnet Motor form UQM Technologies, modified 2-
speed DCT form NTC and UTS and an example EV characteristic from Beijing Electric Vehicle Co., Ltd.) 
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Figure 1: Electric Vehicle Model  

 
In “DRIVER” unit, a lot of typical city driving cycles are in options. (E.g. New Europe Driving Cycle 
(NEDC), Urban Dynamometer Driving Schedule (UDDS), New York City Cycle (NYCC) and Japan 10-15 
Cycle).  

“Motor” unit is the prototype of a permanent- magnet motor equipped on the testing rig, which can supply 
300 N·m peak torques in a short time and 45 kW power continuously. Unlike the engine characteristic, the 
high working efficiency area is in the middle range of both speed and torque, as shown in the following 
figure. Consequently, the shifting algorithm, no matter economic schedule and drivability schedule is 
different from conventional engine’s.  

 

 
Figure 2:  Efficiency Map of Electric Machine 



  

  

 
The “Transmission” unit in model can be switched between CVT and 2-Speed DCT as shown in Fig.1. 

 1 )  Dual Clutch Transmission 

Dual clutch transmissions (DCT) which use two clutches with a common drum system assembled between 
the engine and the transmission overcome the shortcomings of the single clutch version. DCTs combine 
high efficiency of MTs with convenience of automatic transmissions by simultaneously changing between 
two primary clutches for gear changes. Consequently shift quality and driving comfort can be significantly 

improved in comparison to MTs, thus making DCTs well suited to applications in EVs powertrains. 

Figure 3: Structure simplified 2-Speed DCT for EVs 

 
Fig.3 presents the structure of a front wheel drive two-speed DCT electric vehicle power-train. It comprises 
of motor, coupled clutches, transmission gear train, differential and output shaft to wheels.  The unique of 
DCT power-train is the application of clutches and arrangement of gear train. The two clutches have a 
common drum attached to the input shaft from the motor, and the friction plates are independently 
connected to first and second gears respectively. With only two gear pairs and a final drive gear in the 2-
speed gearbox, it is a comparatively simple transmission and do not need to engage the alternate gears 
using synchronizer mechanisms. For just two gear ratios, gear shifting is realized through dual clutch 
control alone. Additionally, the reverse shaft can be eliminated due to the reverse rotation ability of motor. 
In a word, the 2-speed dual clutch transmission equipped EV powertrain is relatively simple. 

 
Figure 4: Economic Shifting Schedule in DCT 

 
The economic shifting up and down schedule for the 2-speed DCT is controlled by 2 parameters, i.e. 
throttle pedal position and vehicle velocity in two look-up schedule respectively. When the vehicle velocity 



  

  

exceed or under the defined value at certain throttle pedal position, the gear number will plus or minus 1. 
A stateflow/Simulink is used to insure the gear in correct position, e.g. avoiding shifting up command in 
gear 2, avoiding shifting down in gear 1 and shifting gear from neutral to gear 1, as shown in Fig.4. The 
Efficiencies of DCT are 93% in 1st gear, 95% in 2nd gear and 98% in final signal reduction gear. (The 
efficiency value is valid only when the temperature of oil in DCT is higher than 50 degrees.) 

2 ) Continuously Variable Transmission 

With the help of continuously changing gear ratio in CVT, it has a greater chance to make the motor work 
in the highest working area. The CVT gear ratio range is between 0.5 to 2.5. The second and final gear 
ratio are 2.2 and 2.5 respectively. To work out the economic shifting strategy for CVT, the step length of 
choosing points in available variable gear ratio range is 0.1. For certain vehicle velocity and throttle pedal 
position, the motor speed is varying due to the different gear ratio chosen by shifting schedule in CVT. 
The gear ratio corresponding to the motor speed, which attains the highest working efficiency, is chosen 
at this vehicle velocity and throttle pedal position, e.g. when vehicle speed is 60 km/h and 40% distance of 
pedal travel, 1.7 is the gear ratio can help motor work in the most efficient area. 

Table 1: CVT ratio calculation data 

 

 

 

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.7 0.9 1 

10 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 

20 2.4 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 

30 2.3 2.3 2.3 2.5 2.5 2.5 2.5 2.5 2.5 2.5 

40 1.3 1.7 1.8 2.3 2.5 2.5 2.5 2.4 2.4 2.3 

50 1.2 1.4 1.4 2 2 2 1.9 1.8 1.9 1.9 

60 1 1.1 1.2 1.7 1.6 1.6 1.6 1.6 1.6 1.6 

70 1 1 1 1.3 1.4 1.4 1.4 1.4 1.4 1.4 

80 0.9 0.9 0.9 1.3 1.2 1.2 1.2 1.2 1.2 1.2 

90 0.8 0.8 0.8 1 1.1 1.1 1.1 1.1 1.1 1.1 

100 0.7 0.7 0.7 1 1 1 1 1 1 1 

110 0.6 0.6 0.6 0.9 0.9 0.9 0.92 0.9 0.9 0.9 

120 0.5 0.6 0.6 0.8 0.8 0.8 0.8 0.8 0.8 0.8 

130 0.5 0.5 0.5 0.7 0.7 0.8 0.8 0.7 0.7 0.7 

 
As we can see from the following 3-D fig.5, the gear ratio keeps at high level when the vehicle speed is 
relative low. With the distance of throttle pedal rise, the gear ratio increase lightly. The total efficiency of 
CVT is between 70%---95% depends on working condition.  

 
Figure 5: The relationship of gear ratio, speed and throttle 

 



  

  

The “Brake Torque Distribution” unit contains a complete braking energy recovery algorithm. It can 
automatically distribute the brake force between mechanical friction brake system and electric brake 
system and restrict the brake force on front and rear wheels in a reasonable range. 

In this paper, regenerative brake work at the beginning of braking process when no friction brake force is 
added to both of  front and rear wheels. After motor brake force reach the maximum value, friction brake 
force will intervene to satisfy the demanded braking force. In some case, the vehicle may loss some 
steering ability, but it will recapture more kinetic energy comparing to other strategies. When the position 
of brake pedal reaches certain point, it will trigger emergency situation. Friction brake force recovers 
completely and motor brake force reduces to zero. 

 

3 Simulation Results 

The parameters used in this Simulink model are shown in the table 2: 

Table 2: Simulation Parameters 

Vehicle length (mm) 4860 

Vehicle width (mm) 1820 

Wheelbase (mm) 2755 

Vehicle mass（kg） 1925(1625+300kg,including battery) 

Wheel radius (mm) 312.5 

Battery Capacity (Ah) 72 

1
st
 gear ratio in DCT 8.45 

2
nd 

gear ratio in DCT 5.36 

CVT gear ratio range 0.5~2.5 

2
nd

 reducer ratio in CVT 2.2 

Final reducer ratio in 
CVT 

2.5 

 
As the results showed in the Fig.6, actual speed (Red Curve) follows target speed (Blue Curve) very well 
in NEDC and UDDS. It illustrates that the shifting algorithms for CVT and 2-speed DCT are both proper 
and effective.  

 

 
Figure 6: EV Model with CVT and 2-Speed runs in the NEDC and UDDS 

Fig.7 reveal the gear changing of 2-Speed DCT in NEDC and UDDS. The narrowest period in gear 2 is 
14s. So, the shifting schedule can be regarded as avoiding frequently shifting successfully.  
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Figure 7: 2-Speed Gear shifting during NEDC and UDDS 

Fig.8 shows the gear ratio, including second and final reducer gear, varying of CVT in NEDC and UDDS. 
This algorithm calls for a further optimizing, because the ratio rises or drops sharply in some circumstance. 
However, it will need to compromise in efficiency. 

 

Figure 8: Gear ratio varying of CVT in NEDC and 2-Speed DCT 

The SOC value of consumed and recovered in NEDC and UDDS is shown in table 3： 

Table 3: Consumed and Recovered Battery Energy Comparing 

 

 
 

NEDC UDDS 

SOC Consumed per 100km with CVT (0.9 / 0.85 / 0.8 Efficiency) 96.2 / 100 / 104.8 45.5 / 47.8 / 51.8 
SOC Consumed per 100km with 2-Speed DCT 102.30% 81.30% 

SOC Recovered per 100km by Re-Brake with CVT  
( 0.9 / 0.85 / 0.8 Efficiency) 22.8 / 22.7 / 22.6 20.6 / 20.6 / 20.6 

SOC Recovered per 100km by Re-Brake with 2-Speed DCT 22.90% 20.60% 

 

4 Conclusions 

Based on the results obtained in the previous chapter, both the CVT and 2-Speed DCT have a satisfied 
performance in this EV model. However, due to the varying total efficiency of CVT based on different 
electric machine working conditions, the battery energy consumed in NEDC with CVT is a little fewer than 
that with 2-Speed DCT when the efficiency of CVT is higher than 85%. In UDDS, CVT shows a much 
better performance in energy saving than the 2-Speed DCT, nearly half energy saved by CVT. For braking 
energy recovery, the CVT and 2-Speed DCT have a similar performance both in NEDC and UDDS, 
considering the different efficiency of CVT. 
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