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Abstract — The reduction of greenhouse gas emission is 
necessary to limit the global warming. Electrification of the 
transport sector is one solution. To accelerate the change, accurate 
and fast simulation program are one of the key issues. The choice 
of the accurate model is an important aspect to the simulation 
program. In this paper, different models of an electric drive for an 
electric vehicle are compared in terms of computation time and 
energy consumption. A static model will lead to divide the 
computation time by 100, by losing only 2% of accuracy 

Keywords — Electric Vehicle, electric drive, modeling, Energetic 
Macroscopic Representation 

I. INTRODUCTION  

Reduction of greenhouse gas emissions and air pollution are 
major challenges for the transport sector. One solution is to use 
more and more electrified vehicles. According to the 
International Energy Agency, more than 100 million electrified 
vehicles in 2030 are required to limit the global warming to 2°C 
[1]. To fulfill this challenge, the automobile industry needs to 
speed up new vehicle developments. One of the key issues is to 
use the appropriate simulation programs. 

Different models of the same system have to be used in 
function of the objective of the study [2] [3]. In electric drives 
(e-drives), dynamic models are required for the design of the 
system control [4]. But static models are often sufficient for the 
drive design, performance analysis or the energy management 
of a global system (e.g. electric vehicle or wind turbine) [5] [6]. 
Moreover, quasi-static models are also used for system analysis 
[7]. 

The objective of this paper is to compare dynamic and static 
models of an electric drive for simulation of an electric vehicle 
traction system. The Renault Zoe is considered as an example. 
The simulation results will be compared in terms of accuracy of 
the energy consumption and the computation time. 

This paper is based on [8] with the following extensions: 
- the regenerative braking is limited to 50%, 
- the AC machine is a PMSM (instead of an IM) 
- the computation time will be compared, 
- real driving cycles will be considered instead of 

NEDC. 
EMR (Energetic Macroscopic Representation) formalism [9] 

will be used to organize the different models in a unified way. 

Section II presents the studied vehicle. In Section III, 
different models for the e-drive are presented. The different 
models are compared using urban and extra-urban driving cycles 
in Section IV. 

II. STUDIED VEHICLE 

A. Traction system of the studied vehicle 

The studied vehicle is the commercial electric vehicle Renault 
Zoe (Fig. 1) [10]. This vehicle is composed of a battery, an 
electric drive connected to the mechanical transmission. The 
mechanical powertrain is a gearbox, a differential and two 
driven wheels (Fig. 2). Different parameters of the vehicle are 
given in Table 1. 

 

 
Fig. 1: The Renault Zoe [10] 
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Fig. 2: Traction system of the studied EV 

Table 1: Parameters of the studied vehicle 

Weight 1468 kg 
Battery Li–ion NMC–22 kWh  

 

B. Models of subsystems  

The different subsystems are modeled considering classical 
assumptions in the objective of the design of the control scheme 
of the system. 



A classical model of the battery is considered using a series 
resistance Rbat and an Open-Circuit Voltage (OCV) u0 for a 
constant temperature (the OCV depends on the battery State of 
Charge (SoC) related to the current): 

  batbatbat iRSoCuu  0    (1) 
The battery is connected to the electric drive. This electric 

drive gives the torque to the mechanical transmission. It will be 
described by different models in section III. 

The gearbox links the torques, Ted and Tgear, but also the 
rotation speeds, wh and gear, thanks to the gearbox ratio kgear 
(assumption of no losses): 

൜
𝑇௚௘௔௥ ൌ 𝑘௚௘௔௥𝑇௘ௗ
𝛺௚௘௔௥ ൌ 𝑘௚௘௔௥𝛺௪௛

  ( 2 ) 

The wheel links the torque Tgear and the traction force Fwh, 
but also the rotation speed wh and the car velocity vev, thanks 
to the wheel radius Rwh: 
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   (3) 

The electric vehicle has two types of brakes: electric and 
mechanic brakes. The mechanic brake force is added to the 
wheel force: 

𝐹௧௢௧ ൌ 𝐹௪௛ ൅ 𝐹௕௥  ( 4 ) 

The Newton second’s law expresses the derivative of the 
velocity vev as a function of the traction and resistive forces, Fwh, 

and Fres, where M is the vehicle equivalent dynamical mass:  

𝑀
𝑑
𝑑𝑡
𝑣௘௩ ൌ 𝐹௧௢௧ െ 𝐹௥௘௦  ( 5 ) 

The resistive force is composed of a rolling force, a drag 
force and the slope.  

𝐹௥௘௦ ൌ 𝐹௥௢௟௟ ൅  𝐹௔௘௥௢ ൅ 𝐹௦௟௢௣௘  ( 6 ) 

C. EMR and control of the traction system 

EMR is based on two main principles. The causality 
principle imposes an integral relationship between output and 
inputs (i.e. outputs can only be delayed from inputs). The 
interaction principle indicates that the product of the action and 
reaction between two elements leads to the power exchanged by 
these elements. 

Using inversion rules, the control scheme (blue pictograms) 
is systematically deduced from the EMR. Energy conversion 
elements (orange square or circles) are directly inverted while 
accumulation elements (crossed orange rectangle) are inverted 
using close-loop control loops (Fig.3). During the braking 
phase, the strategy distributes the braking energy between the 
mechanic brakes and the electric machine. The electric braking 
is limited to 50% of the total braking force. 

From the EMR, a control scheme can be systemically 
deduced (blue pictogram). This control leads to define the 
reference of the e-drive torque Ted-ref. 
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Fig. 3: EMR of the global vehicle 

 

III. DIFFERENT MODELS OF THE E-DRIVE 

A. Studied electric drive 

The studied e-drive is composed of a 65 kW Permanent Magnet 
Synchronous Machine (PMSM) with its inverter (Fig. 4).  
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Fig. 4: Studied electric drive 

B. Static model of the e-drive 

A static model is first considered:  

ቐ
𝑇௘ௗ ൌ 𝑇௘ௗି௥௘௙

𝑖௩௦௜ ൌ
𝑇௘ௗ𝛺௚௘௔௥
𝑢௕௔௧𝜂௞

   with   𝑘 ൌ ൜
1  if 𝑇௘ௗ𝛺௚௘௔௥ ൒ 0 
െ1  if 𝑇௘ௗ𝛺௚௘௔௥ ൏ 0 

 ( 7 ) 

On the one hand, the efficiency η can be considered as a 
constant of 90 %. On the other hand, an efficiency map can be 
used (Fig. 5). In EMR, the electric drive is considered as a 
multi-domain conversion element, i.e. orange circle (Fig. 6). 
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Fig. 5: Efficiency map of the electric drive of the Renault Zoe 
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Fig. 6: EMR of the global vehicle with the static model for the e-drive 

C. Dynamical model of the e-drive 

The VSI is modeled on average values. A modulation vector 
mvsi=[m1, m2]t links the battery and modulated voltages, ubat and 
uvsi=[u13, u23]t, but also the machine and VSI currents iim=[i1, 
i2]t and ivsi: 

ቊ
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The machine is modeled in the classical (d,q) reference 
frame using the Park’s transformation [T(d/s)]. The actual stator 
voltages and currents, uvsi and iim, are expressed by the (d,q) 
voltages and currents, usdq and isdq: 
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ൌ ൣ𝑇ሺ𝜃ௗ ௦⁄ ሻ൧
ିଵ
𝑖
¯௦ௗ௤

  ( 9 ) 

Where d/s is the position of the rotor flux. In this frame, 
equivalent stator windings can be defined in order to produce 
the same flux as the actual windings: 

sdqssdqsdqsdqs iReui
dt

d
L     (10) 

Where Ls and Rs are the cyclic inductance and resistance of 
the stator winding. The electromechanical conversion leads to 
the torque Tem and the e.m.f. esdq from the currents and the 
rotation speed gear: 

൝
𝑇௘௠ ൌ 𝑘ଵ𝜑௥ௗ𝑖௦௤

𝑒
¯ ௦ௗ௤

ൌ 𝑓 ቀ𝑖
¯௦ௗ௤

,𝜃ௗ ௦⁄ ,𝜑௥ௗቁ
  ( 11 ) 

The different parts and the control are organized by EMR, 
(Fig. 9). The electromechanical conversion ( 11 ) is inverted, isq 
is given by the torque of the machine, isd depends of the flux 
weakening of the machine and it is given by the strategy.  
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The stator winding are inversed indirectly using controllers 
to invert the causal relation in (10).  

𝑢
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  (13) 

The modulated voltages are calculated with the inversion of 
( 9 ). 

𝑢
¯ ௩௦௜_௥௘௙

ൌ ൣ𝑇ሺ𝜃ௗ ௦⁄ ሻ൧
ିଵ
𝑢
¯ ௦ௗ௤

  ( 14 ) 

The modulation vector is obtained by inversion of ( 8 ).  

𝑚
¯ ௩௦௜_௥௘௙

ൌ
𝑢
¯ ௩௦௜_௥௘௙

𝑢௕௔௧_௠௘௦
  (15) 

IV. COMPARISON OF THE E-DRIVE MODELS 

Two real driving cycles, one urban and one extra-urban, are 
used to compare the different e-drive models. All the models 
are implemented in Matlab/Simulink © using the EMR library 
[11]. 

A. Urban real driving cycles 

The urban trip is from the university campus “Cité 
Scientifique” and Lille downtown (Fig. 7) and return in the 
same way. The trip is 14 km long for 40 min of driving (Fig. 8).  

 

 
Fig. 7: real urban driving cycle  
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Fig. 8: Velocity of the urban driving cycle  

The energy consumption of the different models is plotted 
in Fig. 10 and in results I Table 2.  

The static model with constant efficiency has a computation 
time of 1.46 s and an energy consumption of 1.90 kWh. The 
efficiency map leads to a computation time of 2.16 s and an 
energy consumption of 1.94 kWh. The dynamical model has a 
computation time of 4 min and an energy consumption of 1.98 
kWh. This last model is considered as a reference as it is the 
most accurate. The static models lead to divide the computation 
by 100 with an error of 2% to 4% in terms of energy 
consumption. The error (Fig. 11) is stabilized around 2 and 4 % 
respectively for the efficiency map and the constant efficiency.



 

 
Fig. 9: EMR of the studied vehicle with the dynamic model of the e-drive 
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Fig. 10: Energy consumption for the urban driving cycle  

 

 

Error (%) 

time(s) 

constant 
map 

 
Fig. 11: Error for the urban driving cycle  

 
Table 2: Comparison for an urban driving cycle 

Model of the 
e-drive 

Static model 
Constant 
efficiency 

Static model 
Efficiency 

map 

Dynamic 
model 

Computation 
time 

1.76 s 2.16 s 244.66 s 

Energy 
consumption  

1.90 kWh 
(error 4%) 

1.94 kWh 
(error 2%) 

1.98 kWh 
(ref) 

B. Real extra urban driving cycles 

The extra urban trip is from the university campus and city 
of Baisieux (Fig. 12). The return is made using a highway. The 
trip is 17.54 km long with a duration of 12 min. The trip is 
composed of different sections between 30 km/h and 110 km/h 
(Fig. 13). 

 
 

 
Fig. 12: real extra urban driving cycle  
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Fig. 13: Velocity of the extra urban driving cycle  

The energy consumption is calculated for each model (Fig. 
14). The different results can be found in the  

Table 3. The static model with a constant efficiency has a 
computation time of 0.87 s and an energy consumption of 
2.88 kWh. The model with the efficiency map is computed in 
1.47s for an energy consumption of 2.80 kWh. The dynamical 
model is computed in 3 min and 15 s for an energy consumption 
of 2.88 kWh.  

Once again the static models lead to divide the computation 
time by 100 with an error only between 1.5% to 3%. The error 
(Fig. 15) is stabilized around 1.5 and 3 % for the efficiency map 
and the constant efficiency 
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Fig. 14: Energy consumption for the extra-urban driving cycle  
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Fig. 15: Error for the extra-urban driving cycle  
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Table 3: Comparison for an extra urban driving cycle 

Model of the 
e-drive 

Static model 
Constant 
efficiency 

Static model 
Efficiency 

map 

Dynamic 
model 

Computation 
time 

1.16 s 1.47 s 137.38 s 

Energy 
consumption 

2.79 kWh 
(error 3.1%) 

2.84 kWh 
(error 1.4%) 

2.88 kWh 
(reference) 

V. CONCLUSION 

For the studied vehicles and driving cycles, two static 
models are proposed. Globally, they have the computation time 
but the efficiency map have the error divided by 2 in 
comparison to the constant efficiency. In comparison with the 
dynamic model the computation time is divided by 100 and 
across 2%. In function of the studied objective, different models 
of electric drives can be selected.  
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Appendix A: EMR Pictograms 
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