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Mechatronics & Building
Automation Systems
A Mechatronic Approach Enhances System Integration and Control.
BUILDINGS COMPRISE MORE THAN 1/3 of the total energy

used in the U.S., with a carbon footprint greater than the transportation sector. The application of control and automation to
buildings can lead to significant energy savings, protect the environment, improve the health and safety of the occupants, and
enhance the quality of life. The most prevalent use of automation in buildings is in HVAC systems — heating, ventilating, and
air-conditioning — which consume 20 percent of all the energy
in the U.S. A survey of the literature pertaining to controls for
HVAC and building systems shows a lack of a systematic dynamic
analysis and control design approach. The algorithms usually are
based on ad-hoc, table-based rules, which are modified and improved based on field experience rather than rigorous modeling
and dynamic analysis.
As building systems are becoming more integrated, and previously independent designs are becoming coupled, model-based
tools for design and control are essential to identifying problems
and solution paths early. Hybrid building systems are needed that
integrate emerging component and control system technologies
into the broader HVAC building system and optimize building
system energy efficiency.
The primary objectives of an air conditioning system are twofold. First, it must provide the demanded cooling to the conditioned environment defined as the cooling capacity of the system.
The enthalpy increase across the evaporator, i.e., the amount of
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heat (Q) removed from the conditioned
environment, is a measure of evaporator capacity. Second, the system should Kevin C. Craig, Ph.D.,
be as efficient as possible. The enthalpy Robert C. Greenheck
increase across the compressor represents Chair in Engineering
Design & Professor of
the amount of work (W) done by the Mechanical Engineercompressor to increase the pressure of ing, College of Engithe refrigerant vapor. The system coef- neering, Marquette
ficient of performance (COP), a measure University.
of system efficiency, is defined as the ratio
between the two changes in enthalpy. Maximizing this value is
a key systems-level priority since it will minimize energy usage
for a given amount of cooling. In addition, to prevent the possibility of liquid entering the compressor inlet, it is important to
maintain a prescribed level of superheated vapor at the exit of the
evaporator. The control of superheat and capacity are regulation
problems, while the energy use is a minimization problem.
Understanding the complex dynamics of air-conditioning systems is vital to proper control.
Because of the time scales involved, the mass flow devices
(compressor and valve) are described algebraically. The energy
flow devices (evaporator and condenser heat exchanges) are described by dynamics of varying degrees of complexity depending
on the approach taken.
The diagram shows that for any physical system there is a hierarchy of models possible. It is critical to strike a delicate balance between dynamic complexity and accuracy in the model.
For the heat exchanger, the moving-boundary model allows the
position of the phase change to vary as a function of time and
keeps the parameters in each fluid-phase region lumped, resulting
in a model of fairly low dynamic order that can accurately predict
the behavior of important system outputs that must be controlled
to obtain efficient system operation, e.g., superheat and heat exchanger pressure.
It is clear that a mechatronic modeling and control design approach can have a tremendous impact on almost every modern
engineering system. DN

