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Abstract

The number of electric powered sub-systems in road-vehicles is increasing fast.
This development is primarily driven by the new and improved functionality
that can be implemented with electro-mechanical sub-systems, but it is also
necessary for the transition to electric and hybrid-electric drive trains.

An electromechanical sub-system can be implemented as a physically
integrated mechatronic module: controller, power electronics, electric motor,
transmission and sensors, all integrated into one component. A mechatronic
module, spans, as all mechatronic systems, over several closely coupled
engineering disciplines: mechanics, electronics, electro-mechanics, control
theory and computer science. In order to design and optimize a mechatronic
system it is therefore desirable to design the system within all domains
concurrently. Optimizing each domain or component separately will not
result in the optimal system design. Furthermore, the very large production
volumes of automotive sub-systems increase the freedom in the mechatronics
design process. Instead of being limited to the selection from off-the shelf
components, application specific components may be designed.

The research presented in this thesis aims at development of an integrated
design and optimization methodology for mechatronic modules. The target of
the methodology is the conceptual design phase, where the number of design
parameters is relatively small. So far, the focus has been on design methods
for the electric motor and gearhead, two of the most important components
in an actuation module. The thesis presents two methods for design and
optimization of motor and gearhead in mechatronic applications. One discrete
method, intended for the selection of off-the-shelf components, and one
method mainly intended for high volume applications where new application
specific components may be designed. Both methods can handle any type of
load combination, which is important in mechatronic systems, where the load
seldom can be classified as pure inertial or constant speed.

Furthermore, design models relating spur gear weight, size and inertia
to output torque and gear ratio are presented. It is shown that a gearhead
has significantly lower inertia and weight than a motor. The results indicate
that it almost always is favorable from a weight and size perspective to use a
gearhead. A direct drive configuration may only be lighter for very high speed
applications. The main contribution of this thesis is however the motor/gear
ratio sizing methods that can be applied to any electromechanical actuation
system that requires rotational motion.
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