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VEHICLE project in a few words: 

The VEHICLE project (AdVanced li-ion battEry/supercapacitor HybrId energy storage system with 

Synchronous Reluctance Machine (SynRM) for electric vehicle applications) aims to develop adapted solutions 

to on-board energy storage systems through the hybridization of energy sources and the use of innovative 

machines for electric vehicles. The Upper Rhine region is home to leading-edge laboratories in the field of 

electric traction. VEHICLE is built to combine existing complementary expertise and create synergies to lead to 

the development of innovations, and establish a new research consortium in the Upper Rhine region. French, 

German, Luxembourgish and British researchers are involved with a network of 3 main academic partners 

(INSA Strasbourg, Hochschule Karlsruhe, and Hochschule Trier) and 6 associate partners (Centrale Lille - 

L2ep), Université Nantes, Sheffield Hallam University, CVC Südwest, IEE S.A, and CCIAE). The VEHICLE 

project is developed as part of the INTERREG V Upper Rhine program and the Offensive Science initiative. It is 

co-financed in the context of this initiative by the Grand Est Region in France, the Baden-Württemberg and 

Rhineland-Palatinate Länder in Germany. 

Worldwide energy context: 

Nowadays, the world is facing unprecedented ecological challenges and problems caused by climate 

change largely due to human activities, in which the mobility sector contributes to 29 % of the total greenhouse 

emissions. Global warming became an indisputable reality, and people across the world are facing more and 

more consequences of this environmental crisis. In this context, new vehicle technologies, such as electric and 

hybrid vehicles offer the opportunity to achieve reductions in greenhouse gas emissions beyond those offered by 

conventional technologies. 

Scientific objectives: 

The electric machine technologies most adopted in electric and hybrid vehicles are conventional asynchronous 
and permanent magnet synchronous machines (PMSM). PMSM has dominated electric vehicle traction for a 
decade. However, the volatility of the rare earths used in its construction and their unpredictable evolution of 
costs lead manufacturers to search for alternative solutions. Renault has chosen the Externally Excited 
Synchronous Machine (EESM), also known as the synchronous brush motor, for its fleet of ZOE electric vehicles. 
Additionally, the Induction Machine (IM), also known as the Asynchronous Machine or Squirrel Cage Machine, 
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was used by Tesla to equip their S and Roadster models. Nowadays, for a car manufacturer, the choice must be 
made between the compactness of the PMSM as it provides torque and higher power density, robustness and 
cost effectiveness of IM or controllability and effectiveness of EESM. The Synchronous Reluctance Machine 
(SynRM) technology could be a potential alternative for electric traction solutions. The SynRM is fed by 
sinusoidal currents in order to create a rotating field as in the case of the IM and the PMSM. It has a robust 
structure where the stator is similar than that of an IM and the rotor contains neither magnets nor copper 
windings. Therefore, a higher efficiency can be obtained with respect to the IM due to the absence of the Joule 
losses in the rotor. However, the machine has several main problems: a relative high torque ripple and 
acquistic noise, a low power density and a low power factor. The problems related to the power of the 
machine, are greatly improved by new designs such as the case of SynRM developed by the ABB company. 

  

 

Figure. I: Li-ion battery / supercapacitor hybrid energy storage system HESS 

The aim of this internship is to integrate a synchronous reluctance machine into the electric drive train 

powered by a Li-ion battery / supercapacitor hybrid energy storage system. The main focus will be on the torque 

ripple minimization in this machine by using combined robust controls (motor & source). For that, the synthesis 

of the conventional laws for the control of the synchronous reluctance machine must be provided. All solutions 

will be, designed, modeled and tested by taking into account the constraints of electric powertrains in order to 

carry out a comparative performance study. In parallel, the coupling of this machine with Li-ion battery / 

supercapacitor HESS will be also detailed. 

Work Progress 

This internship will mainly take place at the laboratory LCOMS - ENIM Metz in close collaboration 

with the ICube laboratory (INSA Strasbourg). He/she will first have to carry out bibliographic researches on the 

conventional control laws for synchronous reluctance machine and hybrid energy storage sources in electric 

vehicle applications. A comparison of proposed robust control strategies for this machine by taking into account 

the constraints of the electric powertrains will be detailed in order to carry out a comparative study of the 

performances. Lastly, and according to the work progress, a laboratory prototype at INSA Strasbourg will be 

developed to validate and illustrate the approach and overall study 

Candidate's skills: 

Specific knowledge: Programming in, Matlab, and PSIM. Knowledge of power electronics and energy storage 

systems. 

Desired education: Student about to graduate a Master or Engineer (Bac + 5) with a specialization in Electrical 

Engineering. 

Desired personal skills: Strong motivation for innovation and the search for operational solutions in an 

industrial context. Motivation for the combination of simulation and experimentation. 
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