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Title of the research 
activity: 

Development and optimization of a hybrid powertrain with multiple energy 
recovery systems 

State of the art:   The worldwide transportation scenario for the next decades is strongly influenced 
by the spread electric motors, due to the increase in energy storage efficiency, and 
by the need to reduce the enormous anthropic effect on both large scale (climate 
change) and small scale (local pollutant emissions) [1].  

As for internal combustion engines, more and more severe regulations require an 
improvement in fuel economy, ultimately resulting in a reduction of carbon dioxide 

emission, and a reduction of tailpipe emissions (carbon monoxide, unburnt 
hydrocarbons, particulates and nitrogen oxides [2]). 
  The transition to a type of economy completely independent of fossil fuels is not  
immediately possible; therefore, a phase of gradual transition from internal 

combustion engines to the large-scale use of electric motors and the exploitation 
of renewable energy sources is necessary. 
 In this context, hybridization is a promising solution, aimed at merging the 
advantages of conventional internal combustion engines (high reliability, energy 
density of the fuels) and electric motors (high low-end torque, no tailpipe 
emissions). Anyway, the environmental and economical sustainability of hybrid 
powertrain strongly depends on the different concepts (mild hybrid, full hybrid, 

plugin hybrid), kind of route (city driving, highway driving, …) and driving style. A 
proper optimization in terms of concepts, components and strategies is then 
mandatory to obtain valid hybrid solutions. 

Short description and 
objectives of the 
research activity: 

  The research project concerns in the study, optimization and step-by-step 
hybridization of a city car powertrain.       
The original propulsor is not featured with any electric motor, and consists of a 

small-displacement turbocharged gasoline engine.  

In the first part of the research a thorough analysis of the state of the art on 
hybrid electric vehicles (HEVs) will be carried out, on both scientific literature and 
commercial applications, aimed at identifying limits and improvement capabilities. 
The experimental part will start with the characterization of the original engine as 
it is to obtain a baseline: performance, indicating analysis and thermal efficiency 
will be determined. Then, progressive modifications will be carried out: first, an 

optimized turbocharger will be used instead of the baseline one. Then, the 
hybridization will start with the turbocompunding: turbine and compressor will be 
decoupled, and a system composed of generator, motor and batteries will be 
added. In this layout, exhaust gas enthalpy will be used to recharge the batteries 
via generator (coaxial to the turbine), while the compressor will be moved by a 
coaxial electric motor. Finally, a secondary electric motor in parallel to the engine 
will be installed to assist the thermal unit in generating brake torque. 

In all the stages, the recalibration of the engine control unit (ECU) is mandatory 
to improve the performance that the new layouts will offer [3]. Tools like artificial 
neural networks [4] could be used to explore all the system capabilities, to 

guarantee an optimized calibration and to decide the thermal and electric energy 
fluxes that, together, participate in generating the required brake torque. 
The final target is the realization of a hybrid system that allows higher efficiency 
and reduced pollutant emissions with respect to the baseline thermal engine [5]. 

The activity will be performed at the Engine Lab test bench of the Department of 
Engineering (University of Perugia). In this research activity the candidate will use 
and control the test bench instrumentation and devices: semi-dynamic engine 
brake with a dedicated automation for speed/load control and measurement, 
indicating analysis, fuel metering, pollutant emission analysis. The candidate will 
develop also algorithms for data analysis and for bench control.  
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