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Creation Motive
Unlike the other traditional
manufacturing industries, vacuum
environment is required in most
of the processes of semiconductor
manufacturing industry, namely,
vacuum pumps play an important role.
According to the feedbacks from end
users and manufacturers of vacuum pumps, the major
problems of the current solutions including, relatively
low efficiency, too many frame sizes of the power units,
high maintenance cost, and the working conditions
of the machine could not inform the end users and
manufacturers immediately and simultaneously.

Research Process
1. Improve the efficiency of the power unit of vacuum
pumps. By abandoning the traditional induction
motors and permanent magnet synchronous motors,
a high efficiency magnetless synchronous motor
is developed, the new design can be produced by
the current manufacturing facilities. Moreover, it
does not require the use of rare earth materials
and energy consumed die-casting process. The
magnetic circuit and performances indexes of the
new design are evaluated by the finite element
analysis software ANSYS firstly, discuss with the
manufacturing companies regarding the prototyping
and mass production concerns then, and system
level simulation is performed by Simulink finally.
Before to install the motor into the vacuum pump,
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the new motor is evaluated by
the dynamometer to verify the
required performance.
2. Develop the mobile intelligence
monitoring and control
platform. Measured data from
sensors and controllers are
transmitted to the PLC with
RS485, then transmitted to the
Arduino. After that, the edge
device, Raspberry Pi, collects all the data and uploads
them to the server, finally, the data is transmitted to
the database on cloud simultaneously. When the end
users require to read the data with mobile devices
application, they can download the data from the
cloud and transmit the ordered data from the server
to users’ applications. All the hardware and software
were developed by team members since the news of
the contest was launched.

Brief of Work
The major contribution of this project includes
three main parts, ie., (1) high efficiency magnetless
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synchronous servo motor and
its control system, which can
reduce the energy consumption
up to 40%, (2) intelligent
integrated diagnostic system,
which can reduce time and
labor costs of the maintenance
and improve the reliability of the
production line, (3) intelligent
real-time on-line data collection
system and control system, the
proposed mobile intelligence
platform can provide current
working conditions of the
vacuum pump and the historical
data of the vacuum pump. This
helps the users to have clear
awareness about the conditions
of machines and determine
the need for maintenance or
replacement.

Predicted Energy
Efficiency
Compared with the conventional induction motors, the
efficiencies of the proposed magnetless synchronous
motors can be increased from IE1 or IE2 to IE4 without
increasing the frame sizes of the motors. The predicted
efficiencies for the 6hp, 10hp and 15hp motors will
be reached at 90.6%, 91.7%, and 92.5% respectively.
Moreover, the energy consumption of the system level
can be reduced up to 40%.
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