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The paper presents an innovative web-based platform for the design of energy efficient
electric motors. The proposed system aims to answer the increasing demand of
environmentally sustainable products and services which integrate electric motors whose
energy consumption has been forecasted to rise to 721 TWh by 2015 by the European
Commission.
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The core of the platform is a knowledge-based system to configure and optimize the design
solution according to the rules and guidelines which formalize manufacturing companies
know-how and best practices. It integrates different SW tools to support electric motor
development from conceptual design to detailed design and from design solution optimization
to environmental impact assessment, up to the evaluation of manufacturing costs. The
platform also provides a collaborative product development area where data can be
exchanged among all process stakeholders and shared workflows can be managed.

Results:
The prototypal platform is applied to design a brushless PM efficient motor for producing
machinery for furniture manufacturing. The achieved result increases current three-phase
motor efficiency to 13% and reduces the emission of CO2 to 0.82 KgCO2 eq per hour of use.

Discussion & Conclusion:
The conclusion provides some discussions of experimental results to point out the main
proposed challenges in electric motor design methodologies and the innovative features of
the EROD platform.

1 Introduction
Nowadays increasing market competition, globalization
and focus on environmental aspects force industries to
change their product development strategies from mass
production to eco-sustainable mass customization[1].
Only with continual improvements companies can extend
their product life, adapting it to their customers’ needs and
optimizing it in order to obtain energy efficiency and low
environmental impact [2].
In this context companies need to easily obtain the
rapid configuration of “green” customized products. This
means managing multiple aspects and design
alternatives, design-for-X methods and working in
collaborative teams. For this reason, automatic and semiautomatic configuration tools become very important in
order to help designers in handling the huge quantity of
knowledge involved in the design process, such as
technical solutions, normatives, standards and production
processes.
In order to achieve meaningful energy saving, electric
motors are one the most important components which
need to be considered [3].
Every household appliance is equipped with one or
more electric motors and as well as these, every
manufacturing machine or industrial plant has one or
more primary or auxiliary electric motors. Because of this,

quality of electric motors plays a crucial role in sociological
and cultural terms: the trend of motor population in a
country is often used as an indicator of its technological
progress.
In all industrialized countries, the energy consumption
of electric motor and electrical equipment makes about
74% of the total. The European Commission study
“Improving the penetration of energy efficient motors and
drives” [4], forecasts that, by 2015, in the European Union
energy consumption caused by industrial motors will have
reached 721 TWh supposing an annual growth of 1,2%.
This result emphasizes the importance of electric motor
energy efficiency improvement during ordinary working. In
addition, considering that almost all the lifecycle cost of an
electric motor is determined by the electrical energy cost,
it is clear that also cost reduction in industrial machines
are strictly correlated with energy efficiency improvements
of electrical equipment.
On the other hand, motors used in household
appliances (refrigerators, freezers, washing machines,
dishwashers and cooker hoods) have, in general, low
specific energy consumption. However, due to the large
number of systems, they cause about 80% of domestic
electric energy consumption.
Therefore it is necessary to face the energy
consumption increase by improving motor efficiency in all
applicative fields (from low to medium-high sized power):
for example by a better design of the motor system or by
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adopting more energy efficient devices or transmission
components.
In order to achieve this scope, the present paper
proposes a new platform for product design, called EROD
(Energy Reduction Oriented Design), which allows the
standardization of the design process for electric motor
and related machinery. It simultaneously takes into
account all aspects which influence environmental impact,
in terms of energy consumption and cost. It also
enhances the synergic cooperation in all the product
chain and the company know-how sharing.
The platform is based on a Knowledge Based system
containing design rules and guidelines to achieve energy
efficient products and to reduce their environmental
impact. A web-based user-friendly interface allows
designers to access all the functionalities of the system. It
allows knowledge about electric motors and their
applications to be shared, different software packages to
be integrated, rapid configuration and simulation of
innovative electric motors, date exchange among all
design figures fostering collaborative activities and finally
management of design workflow activities

2 Electric motor design issues: from
practice to state of the art
Electric motor design is driven by designers’
experience and manufacturing companies know-how. The
process has not been formalized yet and it is not easy to
recognize a shared design methodology both in practice
and in literature. Despite this lack, it is possible to
recognize some common steps that are followed by motor
design experts and industrial practitioners.
The design of electric motors generally starts with the
definition of technical specifications, mainly set by
customers. These specifications are then elaborated to
find the best design solution that meets customers’
demands. At this stage one of the main significant
problems regards data retrieval to support product design.
Electric motor documentation is usually not well
organized, design methodologies belong to individual
know-how and skill and the design rules are not
formalized or stored in any database that can be
accessed by all process stakeholders. Subjective
expertise plays a crucial role in the identification and
achievement of the best solution for the specific
application field. The result is an extension of time to
design customized electric motors and a delay in the
overall time-to-market. As a consequence, the success of
the design solution is based only on the personal
experience of the involved persons.
Both conceptual and detailed design are generally
supported by different software tools, such as 2D and 3D
CAD systems, Computer Aided Engineering (CAE)
software, worksheets and excel tables. They are general
purpose tools, not oriented to electric motor design. As
the design process evolves, product models are
progressively detailed through iterative analysis and
simulations. FEA (Finite Element Analysis) techniques are
generally used to evaluate the performances of the
configured motor model. Optimization is carried out with
the support of CAE applications which allow the prediction
of the electromagnetic dynamic behavior of components
and systems. Sometimes, the optimization process can
be based on “trial and error” methodology which requires
the creation of costly intermediate physical prototypes.
The main bottleneck of this traditional process relies on
the number of repetitive operations to achieve a final
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design solution: from product model configuration to
subsequent behavior simulation for design optimization
and vice versa. The increase in development time and
relative costs is also due to the lack of software tool
integration and interoperability.
In order to overcome the above-mentioned problems,
two actions can be pursued: process standardization and
knowledge formalization, sharing and management. One
of the hypotheses of this work is that if designers can
easily retrieve past solutions to similar design problems,
store new case studies, operate with shared design rules,
use a large set of integrated supporting tools, then the
number of iterations will decrease.
An additional issue regards the control of production
costs since the first design stages. Costs are usually
estimated at the end of the development process, so that
the achieved solution cannot be economically convenient
even if it provides a high technical performance. As a
consequence competitiveness may suffer from a lack of
cost optimization. Their early estimation at the design
phase allows the evaluation of alternative design solutions
from an economical perspective. Therefore this can lead
to the production of low cost and high quality electric
motors.
From the analysis of current practice in electric motor
development an additional issue emerges. It concerns the
collaborative nature of the design process. The product
complexity requires the involvement of multiple
competences to face mechanical, electronic, software and
safety aspects. These competences are often distributed
to different companies which constitute the electric motor
design and supply chain. Collaboration can be remote or
synchronous, can take place in different places or in the
same environment. Communication problems can
emerge. They regard managing distributed knowledge,
data exchange, idea sharing, solutions and best practices,
arranging face-to-face meetings, monitoring work flows
which involve more than one figure. All these problems
can cause an increase in time to market and a reduction
of the overall process efficiency.
Significant advances in this complex context have been
achieved thanks to the introduction of several Information
Technologies, from CAD-based tools to ComputerSupported Cooperative Work software, up to advanced
CAE systems and Design For X supporting tools [5].
However, all mentioned technologies are general purpose
or applied in specific industrial fields that differ from the
one of the present research. As a consequence, it could
not be demonstrated if their use allows achievable
benefits to be reached. In the specific field of electric
motors and machines, there is not an extensive state of
the art about supporting systems for the whole design
process [6,7]. There are many scientific studies either on
electromechanical principles [8,9] or on product
optimization to improve energy efficiency and reduce
environmental impact [10,11]. Other research studies are
focused on innovative applications [12], but a
comprehensive and integrated platform dedicated to the
different viewpoints of product development process has
never been presented. This highlights the innovation of
the developed set of software tools, customized for the
application in companies involved in electric motor design
and production.
Finally, in order to complete the state of the art of
current issues in electric motor design, it is not possible to
avoid environmental aspects connected with their use in
machines, equipment, consumer goods, etc. Concerning
this, in 2003, the European Community issued WEEE
Directive [13], regarding the disposal and recovery of
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electric equipment, and RoHS Directive [14], regarding
the restriction in the use of dangerous substances in
same products. Electric motors, as well as accumulators
or actuators, which are the core of electronic equipment,
are subjected to these directives. The state of the art
about environmental sustainability in manufacturing
electric motors is poor. Most researchers are focused on
the energy consumption of machines integrating electric
motors and do not specifically face the problems of how
to design more efficient motors. Available tools and
methods for Life Cycle Assessment (LCA) are general
purpose and no experiences of application for electric
motor evaluation can be found in literature.

3 EROD Platform
The EROD platform is an integrated set of new
software tools to support the design process of electric
motors, from conceptual design to optimization.
The architecture of the developed system is presented
in Fig. 1.

Fig. 1 EROD Platform architecture

The WEB application service is the great potentiality of
this platform. A user-friendly web-based interface controls
all SW modules and related functionalities. This means
easy data and information exchange for the motor design
in the entire supply chain.
Synthetically the platform introduces the following
technologies to improve the design process:
Knowledge-based (KB) System: a software system
oriented to electric motor design which aims to
reduce design iterations, errors, time and not
definitive prototypes. This is a knowledge based
system able to structure, collect, retrieve and share
company design know-how (Rules DB) and company
data and projects (Motors DB).
Design For Energy Efficiency (DFEE) Module: an
energy efficiency oriented tool.
Life Cycle Assessment (LCA) Module: a software tool
for the rapid and agile estimation of the
environmental impact of electric motors.
Cost Estimation Module: a software tool for rapid
estimation of motor costs before production.
Co-Design Module: a collaborative design system to
improve data communication and decision-making
activities among all figures involved in design and
supply chains.
Workflow Management Module: a management tool
to monitor the design process in terms of exchanged
data and engaged human resources.
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All platform tools are hosted in a server and are
available with a web browser, via a common internet
connection. This aspect guarantees the possibility to use
all provided resources without the need to install any
client application in the user workstation.
The main goal of the entire system is to support the
designer in the rapid configuration of a new customized
electric motor. To achieve this target the Knowledge
Based (KB) system helps designers to configure the
product. The other important modules of the platform
permit the simultaneous verification of the impact of
design decision-making in terms of eco-sustainability,
efficiency and costs. Cost Estimation module, LCA tool
and DFEE allow these aspects of new developed
products to be evaluated. Two further modules of EROD
Platform give support to the design process: the Workflow
Management Module and the Co-design one.

3.1

Knowledge Based System

The KB system is the core of the EROD platform. It
aims to support the configuration of custom electric
motors by exploiting company know-how and current
practice. Configuration means the automation of
numerous design activities. It is based on a knowledge
database in which useful data and most of the
configuration rules are collected. Different stakeholders
can access the repository and retrieve the proper
information quickly. The KB system provides both a
structured design methodology to improve electric motor
design and production as well as a set of robust and
efficient software tools dedicated to each stage of the
standardized design process. The implemented design
methodology and related supporting tools consist of the
following steps:
1) Definition of technical specifications and design
constraints by the customer who formalize them in
terms of numerical values.
2) Retrieval of past solutions and case studies from the
EROD platform database according to the design
specifications. The retrieved information is the
starting point for the new motor design;
3) Identification of the solution which fits best with the
design requirements and configuration based on the
defined specification. The KB system guides the
user step-by-step in entering proper input
parameters and in configuring the design solution.
This is the core of the process as the configuration is
based on the company know-how previously
formalized in terms of configuring rules.
4) Simulation of the behavior of the configured model
by a FEA software which allows the assessment of
the electromagnetic performances of the electric
motor model. The automation of the simulator is
essential to reduce the development time.
5) Optimization of the design solution through iterative
simulations to meet specific design requirements.
Thanks to the platform, all repetitive phases, such as
resizing of a component, are completely automatic.
The designer must only enter parameter values in a
user-friendly interface.
6) Evaluation of different design aspects, such as
costs, environmental impact or energy efficiency by
accessing specific software tools integrated into the
EROD platform (i.e. Cost Estimation, LCA and
DFEE modules).
7) Identification of the final design solution and creation
of the final product model.
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8)

Automatic generation of technical datasheets and of
all documents useful for production.
9) Creation of a new template of the optimized motor
and its storage into the Knowledge database.
It is clear that the development of a Knowledge Based
system makes the design process faster compared to the
traditional one, due to the reduction of errors in the
optimization phase. Moreover the company know-how is
shared between all designers. Therefore this design
process is univocal and repeatable.
The use of the KB system entails relevant advantages
for the electric motor design process:
Efficient documentation management and time-tomarket reduction. The system actually allows
management and sharing of all the documentation
concerning old projects and it gives support to
designers in rapidly searching for all necessary data
and models to start with the configuration of the new
solution. This functionality fits with current design
practice where a new design solution is often a
variation of an existing product and the configuration
starts from a previous product design which is
resized to fulfil new specifications.
Engineering expertise conservation. Generally the
know-how obtained by designers over the years is
personal and not shared with colleagues or other
involved company staff. When a skilled engineer
leaves a company, important knowledge is lost. The
use of the KB system allows the company to store
and arrange best practices in a database, hence
fostering reuse. The tool can also be adopted to
facilitate the integration of new non-expert engineers
in the company staff and to reduce training time and
work integration.
Repeatable and fully documented design process
due to the fact that the KB system supports users in
executing the same configuration steps based on
company best practices.
Automatic generation of documentation as the KB
system allows all necessary documentation for
production (e.g. 2D/3D CAD models, Bill Of
Materials, technical data sheets, etc.) to be
automatically generated and stored in the Database.
Integration of several analysis tools. The KB system
integrates different SW tools to carry out specific
analyses (e.g. electromagnetic, structural, thermal)
by overcoming SW interoperability and data
exchange problems.
Quality improvement. The automatic configuration of
the design solution reduces the number of
undetected errors due to a lower degree of
designers’ subjective decision-making and of
handmade work. This leads to a sure improvement in
quality. Moreover, the design solution optimization is
assigned to the capacity of different software tools
which automatically assess product design from
multiple perspectives.
Cost reduction. This is a direct consequence of the
advantages listed above.
The “new” design methodology, described in this
section, is the basis of EROD Platform configuration tool.
The KB system is based on two different databases,
Motors DB and Rules DB (Fig. 1). The first stores the
documentation about previous solutions, such as
geometrical models and data sheet specifications. The
second collects design practices and company rules.
Such know-how is available to designers and can be
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reused to configure a new electric motor model by
automatically generating 2D/3D CAD representations.
It is worth noticing that although EROD Platform drives
the designer along the whole design process it is not a
fully automatic configuration tool. It actually requires the
designer to enter some input for all phases, from
conceptual design to optimization to reduce errors and
process iterations.
The KB System has a user-friendly graphic interface
(GUI) to enter all necessary input parameters. The GUI is
accessible by a common web browser and it allows all the
other modules of EROD Platform to be controlled.
An electromagnetic FEA (Finite Element Analysis)
Simulator is used to carry out the optimization of the
configured motor design. Also this software is
automatically controlled by the platform which builds a
CAD representation, sized according to the designer
input. This is another great advantage considering that
usually CAD modellers and FEA simulators require an
expert user, due to the elevated number of parameters
have to consider.
Thanks to the simulation of the configured electric
motor the designer can verify the mechanical and
electrical performances of new products. In this way the
designer can check if the requirements are fulfilled or if
the configured electric motor needs changes and
optimizations of some components.
When the correct configuration is found, the designer
can easily perform successive analysis to verify other
aspects. The next three sections describe the other
product design support functionalities of the EROD
Platform.

3.2

LCA Module

The LCA Module allows the estimation of electric motor
environmental impact. The sustainability assessment is
carried following the well known LCA methodology
described by ISO 14040 [15]. The environmental impact
analysis determines the damage to the ecosystem as a
result of human activities related to the product under
analysis in all phases of its lifecycle. The LCA calculation
is performed in compliance with existing regulations [15].
The evaluation method, called Ecoindicator (EI-99),
permits a weighted and normalized value of
environmental impact in three major categories of
environmental damage to be obtained:
Resources.
Eco-system quality.
Human health.
The architecture of the developed environmental
impact estimation tool is presented in Fig. 2.

Fig. 2 LCA Module architecture

The LCA module is integrated into the EROD platform.
Calculation regards both materials and manufacturing
processes to produce electric motors and relative
components. The information is collected in two separate
databases, Materials DB and Processes DB, which have
been developed in Microsoft Access. The processes can
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be personalized, expanded and modified, considering the
characteristics of electric motors and related
manufacturing technologies. The LCA Engine System
consists of a certified open-source database (ELCD DB)
[16] and an Impact Calculator which carries out the
environmental impact evaluation.
The estimation of environmental impact of electromechanic products requires the extension of the analysis
beyond the production phase. It is important to distinguish
impacts of electric motors in the production phase and in
the use phase. In particular, in the use phase the product
sustainability is directly related to the electrical power
consumption and to the average utilization lifetime.
In EROD Platform both environmental impacts in
production and in use phases (LCA production and LCA
use) are considered and estimated independently. In this
way, the evaluation becomes useful not only for
companies but also for final users of electrical machines
and equipment.

3.3

DFEE Module

The increasing need to reduce global energy
consumption has recently brought about the issue of an
international regulation about the efficiency classification
of electric motors [17,18]. Furthermore the European
Community has issued some directives about the use of
efficient electric motors [19] and efficient electric
equipment [20], for the purpose of forcing manufacturing
companies to produce and distribute only energy efficient
products, especially in household appliances.
The DFEE Module supports designers in developing
energy efficient motors. Its architecture is presented in
Fig. 3.

Fig. 3 DFEE tool architecture

Thanks to FEA Simulator the DFEE tool allows the
losses to be assessed and subdivided into:
Electrical Stator and Rotor Losses caused by the
current flowing through windings.
Iron Losses due to hysteresis and parasitical eddy
currents in laminated stator and rotor cores.
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Mechanical Losses such as friction and windage
losses.
Other classified losses according to [18].
The system provides a classification of the machine
energy efficiency according to the information stored in
the DFEE databases.
The statistical analysis of the estimated losses
performed by the DFEE engine is the starting point for the
successive phase of the model modification. The designer
is guided into the reconfiguration of the electric motor to
reduce losses in the various components. Depending on
the predominant loss in the motor, the DFEE user
interface helps designers in proper modifications. For
example, for the reduction of losses in laminated steel
cores of rotors and stators, one of possible proposed
modifications is the use of materials with better magnetic
properties.
As in Knowledge Based configuration system, the
model is automatically rebuilt and then simulated again by
the FEA software. Usually this phase requires a long
calculation time and more than one iteration in order to
obtain maximum efficiency.
The DFEE tool is completely integrated with the LCA
module in order to carry out a rapid evaluation of the
environmental impact of the new modified model. As a
consequence designers can simultaneously improve
product
energy
efficiency
and
environmental
sustainability.
-

3.4

Cost Estimation Module

The Cost Estimation module is used to control the
production costs of various components of an electric
motor during the design process.
Most product and component costs are set during the
industrialization or production phase, when the detailed
design has been completed. This represents the
“standard” cost which comes from company standardized
rules and which determines the final cost of the product
ready for sale.
The possibility to estimate the component production
costs in the design phase alone is important for:
The opportunity to evaluate different design solutions
from an economic point of view.
Feasibility assessment of product components.
Possibility to reject some expensive design solutions
and geometrical models.
Reduction of design process inefficiency.
Cost optimization of design solutions due to reduction
of project modifications during the industrialization
phase.
The Cost Estimation Module is based on the
determination of cycles and times, stored in Motors DB,
required for the production of components of electric
motors. It applies rules and cost methodologies usually
employed by expert engineers.
The module is composed of several packages. The first
is a CAD Interface that allows production cycles to be
assessed. In this preliminary phase the platform is able to
extract geometric dimensions and other information from
CAD models of electric motors.
The first step for the cost estimation is the definition of
the semi-processed starting products such as magnetic
steel sheets and strips used for laminated motor cores.
The semi-automatic software guides designers in their
choice, and considering weight, unit cost and a
percentage of production waste calculates the cost of
semi-processed component.
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The successive phase is the determination of
production cycles required to finish the product. The
automatic identification is performed by the analysis of the
CAD model. For each component of the geometric model
the tool is able to recognize production cycles, selecting
them from a database, and to compile a list. In this phase
the intervention of platform user is required to set some
parameters
and
information
not
automatically
computable.
As the module completes operations, the designer can
visualize costs for single components and production
cycles. Generally component costs are classified as:
Raw material costs due to acquisition of starting
materials.
Production cycle costs due to transformation
operations required for the component.
Auxiliary component costs.
In addition there are costs correlated not to the single
piece but to the production line, such as costs of
manufacturing machine tools.
For the rapid display of results, the Cost Estimation
module has an interface which allows designers to detail
the costs, the required production cycles and the
geometric information of single components, such as
rotors and stators, or of the entire electric motor.

3.5
Collaborative Design and Workflow
Management Modules
The Workflow Management and the Collaborative
Design modules are designed to support the design
process. The first aims to facilitate the organization of
shared projects involving multiple figures people. The
second enables real-time collaborative design, among
remote figures, with high level of interaction.
Following a preliminary analysis of electric motor
manufacturers’ design processes, there emerged several
problems regarding collaborative design:
Difficulty in data and model exchange and
incompatibility of files.
Low efficiency in documentation management.
Lack of collaboration between engineers involved in
same projects and consequent difficulty in
development of shared projects.
Lack of information about project progress.
Problems of unexpected events management.
The collaboration and workflow management modules
of EROD Platform overcome these difficulties. The
architecture developed is presented in Fig. 4.

Fig. 4 Co-Design and Workflow Management architecture
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The fundamental modules of these tools are the Project
Area, which is the user interface to access co-design
sessions or workflow manager, the Product Collaboration
Manager, which allows the real-time exchange and
sharing of important design data, and the Workflow
Manager which allows to manage collaborative
processes.
The Co-Design Area of the platform provides to electric
motors designers the following technologies:
2D/3D CAD model visualization tool to import,
compare and measure models.
CAD data sharing tool for the simultaneous
interaction of more than one user in the same model.
Digital mock-up tool to add attributes and
characteristics to 3D models.
Documentation
management
tool
for
rapid
information exchange with versioning management
and modification traceability.
Audio-video communication tool to open virtual
conferences between members in different places.
This functionality together with the others facilitates
the collaborative sessions.
The Workflow Area is used to manage processes and
human and financial resources involved in the product
development. Furthermore the innovative Dynamic
Workflow allows to efficiently manage unwanted exception
in the design process without the intervention of the
project manager.

4 Results
The EROD platform is part of an important Italian
National project funded (€ 7 millions) in 2009 by the
Minister of Economic Development for the improvement of
Energy Efficiency. It involves 14 companies. It aims to
reduce electric motor energy consumption by developing
innovative products for application in machine tools, air
cooler evaporators, electric vehicles for goods
transportation, washing machines and cooker hoods.
Currently the prototypal EROD platform has been used
to support the design process of five energy efficient
electric motors for different applications above mentioned.
These electric motors are innovative solutions according
to all considered applications. From the preliminary testing
phase it stands out that the platform tools lead to
improvements on electrical efficiency and sustainability of
new motors. Furthermore the standardization of the
design process and the automation of repetitive
operations allow designers to significantly reduce the
necessary development time for configuration and
optimization. After a first phase where the prototypal
motors have been realized the achieved results are
presented in Tab. 1.
From Tab. 1 the improvement in electrical efficiency of
the new motors is clearly visible for all the considered
applications. In particular, the increase is prominent for
small motors such as those used in cooker hoods, where
the electrical efficiency of currently used induction motors
is 30% at most. This is a very common application and for
this reason the efficiency improvement leads to a
considerable reduction in energy consumption. In addition
also the improvement of more than 10% in high power
motor efficiency is very important in order to reduce the
electricity consumption of industrial sector which is
currently the largest electric energy consumption field.
Tab. 1 also shows the reduction of environmental
impact between presently used and new motors,
calculated by the LCA module. In this table only the use
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phase of each motor is displayed because it represents
most critical phase. In fact, about 95% of the
environmental impact of an electric motor is caused by
energy consumption during the use phase of its lifecycle.
The chosen indicator for the environmental impact
estimation is the amount of CO2 emitted into the air. The
results demonstrate that the new efficient motors have a
low impact compared to the currently used motors. Of
course the difference is more evident for high power
motors used in electric vehicles and in machine tools.

Application

Cooker
Hoods

CO2 saving
Actually Used
Efficiency per 1 hour
New Motor
Motor
Improvement
of use
[kgCO2 eq.]
Single-Phase
Brushless PM
Asynchronous

+ 35%

0.126

Permanent
Magnet
Assisted
Synchronous
Reluctance

+ 20%

0.0366

Shaded Poles Brushless PM

+ 31%

0.0594

Electric
Wound Rotor
Vehicles
Three-Phase
Synchronous
(for goods Asynchronous
Motor
transportation)

+ 12%

1.8

Electric
Spindles
Three-Phase
Brushless PM
(for machine Asynchronous
tools)

+13 %

0.82

Washing
Machines

Air Cooler
Evaporator

Three-Phase
Asynchronous

Nominal Speed: 10000 rpm;
Nominal Torque: 7,6 Nm;
Nominal Power: 8 kW;
Efficiency > 90%.
It is possible to subdivide the design process of this
motor in the following phases:
Configuration of the new motor
Simulation of the model
Optimization
Environmental impact estimation
Cost evaluation
The first step is the geometrical configuration of the
new motor, which in this case is a brushless PM motor
with interior permanent magnets (IPM) in the rotor. This
particular configuration is chosen after a preliminary stage
when different solutions, such as rotors with surface
mounted magnets, are evaluated and successively
discarded for their disadvantages. The Knowledge Based
system, which contains the Motors DB and the Rules DB,
permits the efficient and rapid search of these possible
starting solutions.
The configuration of the model is performed by the user
interface of the EROD Platform presented in Fig. 5. The
usability of this web-based interface gives designers the
rapid setting and variation of all necessary geometrical
and non-geometrical parameters.
-

Tab. 1 Comparison between current and new efficient
motors

Another relevant advantage in the use of EROD
Platform is the reduction of the developing time of new
customized motors, thanks to its structure which allows
the use of integrated tools to develop products and to
monitor the whole design process.
In the following section the test case relative to the
design of the new Brushless PM (Permanent Magnet)
motor for application in electric spindles of machine tools
is explained. Several modules of the EROD platform are
used to improve the design process of this motor.

4.1
Test case: Brushless PM efficient motor for
producing machinery
Nowadays most electric spindles in machine tools for
wood and metal manufacturing are equipped with
asynchronous three phase motors. This is a very common
type of electric motor widely used in industrial applications
and also in some household appliances.
Limitations in efficiency are caused by the intrinsic
nature of the asynchronous motor induction principle. Due
to the elevated thermal losses in stator and rotor, these
motors cannot overcome 80% of electrical efficiency in
the power range (about from 5 kW to 65 kW) of electric
spindles. With the introduction of the European Directive
[19], regarding the production of energy efficient
asynchronous three phase motors, they cannot be
manufactured and commercialized because they are not
included in the IE2 class. The solution to this problem is
the introduction of synchronous motors, such as
Brushless PM motors, already used in small power
household and industrial applications.
The EROD Platform is tested to design a new efficient
Brushless PM motor which respects the following
specifications:
June 15th – 17th, 2011, Venice, Italy

Fig. 5 EROD Platform configuration interface

The successive step in the design process is the
simulation of the configured electric motor model for the
performance evaluation. Thanks to the EROD Platform
designers have not to directly interface with the FEA
software used for performing the simulations. The
Knowledge Based system automatically builds and sizes
the 2D model, according to the input parameters inserted
by the designer. This is a significant advantage which
allows a great reduction in development time.
In this phase different design configurations are
evaluated, in order to find the best solution in terms of
energy efficiency. For example, some different
configurations considered for the rotor and stator are:
6-pole motor with 36-stator slots;
6-pole motor with 9-stator slots;
8-pole motor with 24-stator slots;
8-pole motor with 48-stator slots.
In addition, designers evaluate the utilization of several
kinds of magnetic steel for rotor and stator laminations,
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choosing the M235-35A. Also several kinds of rare-earth
permanent magnets are considered and finally a high
energy magnet belonging to Nd-Fe-B (Neodymium-IronBoron) family is used. If we consider that each of these
design solutions, with different configurations or materials,
require a reconfiguration of FEA model before the
simulation, the significant time reduction in building the
models is clear.
The repetitive phase of simulation and reconfiguration
of models allows designers to choose the Brushless PM
motor with 6 poles and 36 stator slots as the final solution.
It has the following estimated performances (Fig. 6):
Nominal Speed: 10000 rpm
Nominal Torque: 8,6 Nm
Efficiency: 92,7%
Results demonstrate that project specifications have
been extensively fulfilled. In particular, the motor has a
greater energy efficiency than is expected and this results
in further energy consumption reduction.

A web-based platform to design energy efficient electric motors

avoid modification in successive phases. The analysis
confirms the economical feasibility of the configured
Brushless PM motor.
Finally the Co-Design module is used for a
collaborative design session among remote users (Fig. 8).
A 3D model of the rotor is imported and then a
simultaneous interaction of more than one user is
performed, demonstrating the usability of this innovative
module, also thanks to the audio-video communication
tool that facilitates the collaboration.

Fig. 6 Results of the electromagnetic transient simulation

The DFEE Module of the EROD Platform allows the
optimization of the new efficient electric motor for
application in machine tools. Thanks to this integrated tool
designers can improve the shape and dimensions of the
magnet blocks integrated in the rotor. The performances
obtained for the optimized motor are:
Nominal Speed: 10000 rpm
Nominal Torque: 8,8 Nm
Efficiency: 93%
At this stage the design process is terminated because
the configured Brushless PM motor fulfils all the design
specifications. The EROD Platform is then used for the
verification of other important aspects of decision making.
The LCA module allows the evaluation of the
environmental impact of the new electric motor. As
described in the previous section this module performs
the evaluation both for the production and use phases of
the motor lifecycle.
This analysis considers the production phase (LCA
Production) and 1 hour of utilization of the motor (LCA
Use). Fig. 7 clearly highlights that the environmental
impact is more relevant during the use phase, due to the
high power requested for wood and metal manufacturing.
As showed in Tab. 1, the new efficient electric motor
permits a relevant reduction of environmental impact, in
terms of CO2 saving, compared to the asynchronous
three phase motors currently in use.
In addition the Cost Estimation module of the EROD
Platform is tested. The experimentation demonstrates that
the evaluation of production costs during the design
process of an electric motor is very useful in order to
June 15th – 17th, 2011, Venice, Italy

Fig. 7 Results of the LCA analysis

Fig. 8 A co-design session carried out into the EROD
platform

5 Conclusions
Due to their wide diffusion in several applications,
electric motors and machines are one of the most
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important functional groups that have to be considered to
obtain a significant energy consumption reduction in a
country. The design of electric motors is an handmade
process, driven by designers’ experience. Subjective
expertise plays an important role in the identification of
the best configuration. The usually adopted methodology
itself is not structured enough to be repeated in different
contexts where electric motors are used.
To answer the increasing demand of design
methodology and supporting tools to improve energy
efficiency and environmental sustainability, a web-based
platform, called EROD, has been proposed. It takes in
consideration three significant issues in electric motor
design. The introduction of a semi-automatic configuration
platform certainly improves the efficiency of the design
process due to more efficient documentation
management and case studies reuse, engineering
expertise conservation and integration of several design
analyses. The consequence is relevant quality
improvement and reduction of design time and costs.
In this context, the EROD platform allows the
standardization of electric motors and related machines
design process. It is based on a Knowledge Based
system that stores and shares the company rules and
best practices to enhance the synergic cooperation in all
the product chain. The platform also simultaneously takes
into account all aspects influencing energy efficiency,
environmental impact and production costs.
A web-based user-friendly interface allows users to
access all developed tools to share knowledge, to
configure and optimize new design solutions in terms of
environmental impact and costs, to arrange design
activities and to carry out collaborative sessions. It
overcomes some well-known problems of electric motor
design tools such as software interoperability, GUI
usability and distributed workflow management.
EROD platform is applied to design a new brushless
PM
electric
motor
for
producing
machinery.
Experimentations demonstrate that the use of this
configuration software leads to relevant improvements in
the quality of new electric motors, in terms of energy
efficiency and sustainability, for all the considered
household and industrial applications. The challenges of
the new configured Brushless PM motor confirm the
usefulness of platform tools. The motor is initially
configured and simulated and successively optimized with
the DFEE tool for a further improvement in energy
efficiency. Moreover the LCA module demonstrates the
increase of the environmental sustainability compared to
the currently used asynchronous three phase electric
motor. The testing stage of Co-Design module of EROD
Platform also highlights the usability of the functionalities
developed to facilitate remote and synchronous
collaboration.
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