
Hybrid Drives Exam  1 (3) 2011-10-14 

Final Exam in the course ”Hybrid Electric Drives” at LTH 
Questions to Mats Alaküla (070-558 92 84) and Dan Hagstedt (070-395 37 01) 

Means of assistance: Calculator 
Grades: 20-30 p:  3 
  31-40 p: 4 
  41-50 p: 5 

1 Energy consumption  

a. What is the peak energy efficiency of a modern combustion engine, gasoline and 
diesel? (2p) 

b. What is roughly the average efficiency for a car using a gasoline engine in city 
traffic and a truck using a diesel engine in highway traffic? (3p) 

c. How high is the tractive power from the combustion engine and the power flow from 
the combustion engine to the 12 V load for a car in city traffic? (2p) 

d. What is roughly the efficiency of a DC/DC converter from 300 V to 12 V? (3p) 

2 Hybridisation, potential 

a. What are typical values of the energy savings potential with electric hybridisation in 
a car, a distribution truck and a city bus? (2p) 

b. A hybrid vehicle is usually said to have at least two advantages; I) The ability to 
adjust the operating point of the ICE and II) the ability to regenerate braking energy. 
Assume a vehicle with 80 kW ICE and 20 kW EM. In what speed range is the 
regenerative capability most useful, highway speed or city driving? Motivate your 
answer! (3p) 

c. What is roughly the energy efficiency of an electric vehicle, “electric wall plug-to-
wheel”? Compare to your answer on question 1b) above. (2p) 

d. Compare a Series Hybrid and a Parallel Hybrid version for the same vehicle in terms 
of system cost, regeneration capability and packaging. (3p) 
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3 Hybridisation components 

a. A combustion engine and an electrical machine are said to match well in terms of 
torque capabilities in a parallel hybrid electric drive train. Draw realistic maximum 
torque limitations in the diagram below and explain in your own words why these 
two machine types match so well. (3p) 
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b. Roughly how high is the peak efficiency of the electrical traction motor for a hybrid 
vehicle, and of the corresponding power electronic converter? (2p) 

c. An electric car in city traffic needs about 1.5 kWh/10 km of electric energy from the 
electric power grid. What is roughly the battery weight and maximum battery power 
for a battery that can take the car 40 km? (2p) 

d. How is the battery lifetime affected by cycle depth and average terminal power? (3p)  

4 Charging 

a. All road vehicles in Sweden consume about 80 TWh of fossil fuels. Make your own 
assumptions on average fuel efficiency of the vehicle fleet and calculate how much 
electric energy that would be needed if ALL road vehicles were driven only on 
electricity. Discuss the realism in this knowing that the annual electricity generation 
in Sweden is about 150 TWh. (3p) 

b. Estimate the charging time for an electric car per 10 km of mixed city/highway 
driving from a 230 V 10 A single phase electric power outlet. (2p) 

c. A long haul (sv: långtradare) vehicle consumes about 3 liters of diesel/10 km on the 
highway. Estimate how much batteries this vehicle would need for a 1000 km trip on 
pure electric drive. Your answer should contain your assumptions on diesel motor 
drive train efficiency, electric drive train efficiency, realistic DoD for the traction 
battery and assumptions on energy density for the traction battery. Use 10 kWh/litre 
of diesel energy density. (2p) 
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d. The battery is usually regarded as the weak point in electric hybridization of vehicles. 
With your assumptions on power and energy densities and a cost of 10000 
SEK/kWh, what would be a suitable size of a battery for a “plug in” hybrid that 
should be able to drive at least 40 km on pure electric drive in mixed city/highway 
traffic, using your own assumption on electric energy consumption in kWh/km? The 
answer should include your assumptions of DOD, cycle life estimation and 
combined energy and battery cost per 10 km. (3p) 

5 Auxiliaries and EMC 

a. Why cannot all electric loads on a vehicle, including the traction system if it is a 
hybrid vehicle, be run from the 12 V supply? (2p) 

b. Assume that electric energy should be communicated between the 12/14 V system 
and a higher traction drive system voltage, e.g. 300 V. Name two difficulties with 
this energy conversion. Your answer should include aspects of safety and energy 
efficiency. (3p) 

c. Name at least three conventional auxiliary loads that could benefit from being 
converted from mechanical drive (belt) to electrical drive? (2p) 

d. What is an APU? Explain what it is used for and why. (3p) 


