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Permanent Magnet Linear Generator 
for the Application as Range Extender 
in Full Electric Vehicles
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The concept of a full electric vehicle (EV) with a range extender (REX) promises an extension of 
the driving range of the electric car. A range extender features a small combustion engine with 
an electric generator. Regarding efficiency of this additional drive system, both components can 
be operated in their best point of operation to re-charge the traction battery. The employment of 
a specific operational strategy with respect to the installed board net power enables a significant 
extension of the driving range of the EV. In this PhD dissertation such a concept is developed and 
the comparison of a pure EV with a REX-EV is studied.

In this thesis a non-conventional combustion engine is considered. The concept of a free piston 
engine is assumed. As a consequence, the electric generator coupled to the free piston engine 
is constructed as a linear type electrical machine. The field excitation of the linear generator 
is realized by a high energy permanent magnet system. The most appropriate design of this 
generator for this application is detailed described in the thesis. The permanent magnet excited 
linear generator is constructed with a double stator arrangement. The mover is ironless. The 
analytical magnetic simulation model to calculate the generator force is realized by a magnetic 
equivalent circuit approach. This well-known method is chosen to realize a numerical optimization 
of the magnetic system with reasonable numerical efforts. 

In the thesis a numerical optimization method is utilized to find the most appropriate generator 
design subject to various constraints. The developed analytical model is employed here to study 
the Pareto front of the fractional slot linear machine for the maximization of the efficiency and 
the minimization of the active mass subjected to the end-winding temperature with 6 different 
pole and slot numbers, which are expected to show the high force constant by the given design 
boundary. One of them is chosen for more detailed study, including the minimization of the end 
effect force. This work proposes the Bayesian optimization approach to deal with a constrained 
bi-objective optimization for the machine design problem. The algorithm used employs Kriging to 
build surrogate models in relations of high fidelity with the actual function. The methodology to 
normalize an objective function is introduced to maintain the diversity of the solutions, and three 
different acquisition criteria are implemented to approximate the Pareto front of a constrained 
bi-objective problem in an effort to find the optimal solutions within few number of sampling. The 
developed algorithm integrates the single objective evolutionary algorithm. However, it is still 
computationally more efficient when compared to employing them directly without the surrogate 
models, as their objective functions are relatively not expansive to compute.

The analytical model is verified by comparing the results to the finite element analysis. The thrust 
force, iron losses and eddy current loss in the permanent magnets are considered. The developed 
model shows good agreement to the results coming off the finite element model.

As an example a REX with a particular battery capacity and generator a comparison of the 
system‘s performance to an EV is done. Due to the function of the linearly moving piston and 
generator construction, unwanted power pulsations of the system can be observed. To cope with 
this problem it is suggested to use a super capacitor with its energy for the compensation of such 
power pulsations. 
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