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Energy optimization of
synchronous electric machines for

household appliances

The efficiency requirements of household
appliances are increasingly stringent in response
to the growing global demand for saving energy
resources. This process involved the use of new
technologies and the development of cutting-edge
techniques to improve the efficiency of products,
such as the movement of the washing machine
drum.
The objective of the activity was the development
of an optimized control for internal permanent
magnet (IPM) synchronous motors to be used in
place of traditional asynchronous motors in
household washing machines. This solution made
it possible to increase the overall efficiency of the
application and reduce costs, however greater
complexity of the control algorithms had to be
accepted. The main critical issues addressed
were: development of a sensorless control
capable of delivering the nominal torque at zero
speed and optimization of the MTPA (Maximum
Torque per Ampere) and field weakening
trajectories to maximize efficiency.
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Fig. 1: Example of product application (Image by Steve Buissinne
from Pixabay)
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Description
For the implementation of sensorless control, two
algorithms were defined: the first with injection of a high
frequency signal responsible for identifying the rotor
position, from a stationary rotor up to a few hundred
revolutions per minute; the second is used for higher
speeds (up to 18,000 rpm) and exploits the estimate of
the Back-electromotive (Back-EMF) forces starting from
the mathematical model of the electric motor. The second
method is ineffective at low speeds because the
magnitude of the Back-EMF forces is proportional to the
rotation speed of the rotor.
The signal injection algorithm exploits the anisotropy of
the IPM electric machine to estimate the rotor position
even at zero speed, thus making it possible to deliver the
nominal torque efficiently right from the start.
Once the sensorless vector control was developed, the
activity moved to the implementation of the MTPA
strategy with the machine parameters; this strategy is
able to provide the right contribution of direct axis current
to exploit the torque given by the anisotropy of the
machine (i.e. reluctance torque). The weakening strategy
is necessary to reach the rotation speeds of 18,000 rpm;
for the application, a closed loop control has been
implemented capable of increasing the current
contribution on the direct axis if the applicable voltage
limit is reached.

Fig. 2: a) Block diagram of the implemented control
system; b) Observer block diagram for rotor position
estimation with high frequency signal injection.

Innovative aspects
The innovative aspects of the developed system
are: the sensorless control of the motor with high
frequency signal injection which allows to have an
estimate of the rotor position at the start of the
washing machine drum, i.e. at zero speed, and the
optimization of the trajectories of the washing
strategies control at low speeds (MTPA) and high
speeds (weakening) to maximize overall system
efficiency.

Potential applications
The developed control can be used in various
industrial applications; in particular where an
economical, efficient solution with good
performance even at low rotation speeds is
essential.
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Involved
partners

• Raw Power S.r.l.
• Candy Hoover Group S.r.l.

Implementatio
n Time

9/10 months

Technology
Readiness
Level

TRL7 - System prototype
demonstration in operational
environment

Exploitation The developed control will be
adopted on commercial domestic
washing machines.

Fig. 3: Oscilloscope screenshots during tests of the
observer for position estimation.

Application example
IPM brushless motor drive used to move the
drum of domestic washing machines.

The control was developed and tested on
applications for the home appliances sector, in
particular on domestic washing machines. The
application is characterized by very stringent
constraints in terms of both costs and
performance, in fact excellent performance is
required at the start to be able to move even loads
that require the nominal torque and excellent
efficiency during the work cycle.
Thanks to the optimized control algorithms it was
possible to improve the efficiency of the washing
machines by 30% during the washing cycle which
represents the longest working cycle of the
application. The comparison was carried out with
respect to the same work cycle with the traditional
asynchronous motor.
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Raw Power Srl was founded in 2007 as a spin-off of
the University of Modena and Reggio Emilia, from
the will of a group of people working in the field of
power electronics. Raw Power is a design and
consultancy SME specialized in the following
domains: design of power electronics for static
energy conversion, electric machines and drives for
industrial applications. Customers are assisted from
the definition of requirements, through subsequent
R&D activities, up to the first prototyping and
production of the product. Raw Power offers
innovative and cutting-edge solutions and support in
the certification process.
Alongside its design services, Raw Power also
operates an electric motor testing laboratory (EML),
equipped with three test benches of 5Nm-2kW,
50Nm-12kW and 500Nm-45 kW. The services
offered include: tests on rotating electric machines
according to Standard EN 60034-1: 2011 + EC1:
2015, efficiency tests of electric motors according to
Standard EN 60034-2-1: 2015, approval tests of
electric powertrains according to the Regulations
R85 and R134 and converter efficiency tests (CDM)
according to IEC 61800-9-2: 2017.
Raw Power's corporate mission maintains the
university origins of the company and aims to
encourage technological transfer from the world of
research to the world of business. The laboratory
staff is made up of engineers with a master's degree
and/or PhD in electronics, mechatronics and
management.
Since 2015, Raw Power has been a laboratory
accredited by the Emilia-Romagna High Technology
Network.
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