
Hybrid Vehicle Drives 

Background 
Human transportation needs increase and the energy resource used to propel most of these 
transports is diminishing. Petroleum based fuels are expected to be commercially marginalised in 20 
years due to high exploration costs and insufficient production. There is a clear need for change, and 
20 years is a short time in a vehicle development perspective, only a few vehicle generations. The 
automotive industry approach this future by building less fuel consuming vehicles and vehicles able to 
run on other fuels. The fuel industry develops alternative, renewable, fuels. Faith Barol, chief 
economist at the International Energy Agency expresses it like this:”We better leave oil before it leaves 
us”. 

Renewable combustible fuels will never alone be able to replace more than a fraction of the human 
needs for transportation. These fuels must thus be used for such vehicle types that have no alternative, 
like long haul and air transportation. Most other vehicles can be driven to some extent on electricity, 
which gives access to a whole new type of vehicular fuels, i.e. such that can be distributed via the 
electric power grid, like hydro power, nuclear power, wind power, wave power, even coal power of 
carbon sequestration is applied. 

The development of electric hybrid vehicles that is currently going on at full speed in the automotive 
industry is thus right in many respects. First of all it contributes to less fuel consumption, whis is 
desirable. Hybrid vehicles of today have usually no ability to run on electricity alone foe any significant 
distance, du to high battery costs. However, by building these vehicles, the automotive industry learns 
how to build vehicles for electric propulsion, and thus vehicles with potential for longer pure electric 
drive distances, i.e. “Plug In” hybrid vehicles which will be needed in the longer perspective. 

This process is currently ongoing everywhere in the automotive industry, both on cars, trucks, buses, 
construction equipment, motorcycles and scooters, even on bikes. The need for engineers has shifted 
from the traditional mechanical engineers to electrical enginees. Mechanical engineers are of course 
needed as before, but the need for electrical engineering knowledge has made mechanical engineers 
with some specialisation in electrical engineering, and of course electrical engineers with a 
specialisation in power electronics and electrical drives particularly asked for. 

This course gives a deeper understanding of why we need hybrid vehicles and basic understanding of 
hybrid vehicle drives, both on system level and on component level, to be a good basas for those who 
like to take part in hybrid vehicle development. 

Goal       

For a passing grade the student must 

• have good general knowledge of the design of a hybrid vehicle and the characteristics 
af the most important components of it  

• have good general knowledge of the composition of the drive line and the control of 
the energy flow in hybrid vehicle drive systems  

• have developed the ability of choosing the most suitable drive line for a hybrid vehicle 
for a certain range of application and of creating control strategies for hybrid drive 
lines  

• have gained the self confidence to be able to model and analyze a hybrid vehicle drive 
system 

Content   

Lectured course content 
• Human energy use, in particular for transport 



• Typical fuel consumption per vehicle type and use. 

• Energy use with some important vehicle types under idealized conditions. 

• Properties of the most important traction motors (Otto and Diesel motors) 

• Energy use with some important vehicle types including the properties of the most important 
traction motors. 

• Additional systems to increase the tractive fuel efficiency, like electrical and hydraulic systems with 
related energy storages. Detailed study of electrical machines, power electronics, batteries, super 
capacitances and to some extent also hydraulic motors and hydraulic accumulators. 

• Different ways to introduce these additional systems in thye traditional drive trains, like the series 
hybrid, the parallel hybrid and the complex hybrid.. 

• Control strategies for these hybrid drive trains. 

• Plug in hybrids, their properties and possibilities. 

• Hybridised sub systems like air conditioning, compressors, servo stearing, hydraulic loads etc. 

• Development trends 

Simulation exercises and home assignments 
The course contain 28 hours of simulation exercises, where simulation models are used to deepen the 
unjderstanding of how hybrid drive systems function and can be controlled. 

All students will get 2 home assignments with a special simulation task, requiring some additional 
modelling, that will be reported in writing and an oral presentation for the other course participants. 

Teacher 
Mats Alaküla will lecture the course. Mats is professor in industrial electrical engineering at LTH and 
also ”Senior Scientific Advisor” at Volv AB  with empasis on hybrid vehicles. 

Some of Mats PhD students will take part in the simulation exercises and in support of the home 
assignments.   

Litterature   
Compendium i Hybrid Vehicle Drives, LTH 2009.   
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