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Vibration Control of Induction Motor Stator

Using Dynamic Absorbers

Graduate School of Engineering Nagasaki University
Hiroyuki Kataharada

The motor is used from the industrial field to everyday life in many scenes. It is one of the
most important machines in the modern society. One type of such motors is an induction motor
that is often used in the industrial field. The electromagnetic force generated by the mutual
interference of the harmonic magnetic fluxes of the stator and rotor in the air gap affects
between the stator and rotor. This electromagnetic force can cause the stator to vibrate and
generate electromagnetic noise. However, it is difficult to predict the natural frequency because
the stator has a special structure in which thin electrical steel sheets are laminated.
Inverter-controlled motors make it difficult to prevent vibration and noise because the drive
speed varies over a wide range.

In order to quench the vibration of the motor, although it is possible to use a damping device
such as a dynamic absorber that is commonly used, the vibration control of the motor using the
dynamic absorber has not been established. The reason is as follows. It is easy to quench the
vibrations of machines and structures where the force position does not move, however it is
difficult to quench the vibrations in the motors where the electromagnetic force is distributed in
space rotates and the vibration mode of the stator core also rotates according to the
electromagnetic force.

In this study, the dynamic absorber is adopted as a vibration quenching device for the motor
and the vibration control theory is established. At first, the vibration control theory using a pair
of dynamic absorbers with the same natural frequency as the vibration of the stator core is
established. This theory is very effective in quenching the rotating vibration modes. This theory
is confirmed by theoretical analysis and finite element analysis. Secondly, the effect of the
installation interval of a pair of dynamic absorbers on stator circumference is confirmed. The
optimum design of the pair of dynamic absorbers with damping for vibration control of the
motor such as an inverter motor whose drive speed varies over a wide range is investigated. In
addition, the optimum design with multiple pairs of dynamic absorbers is also examined.
Thirdly, motors often have imperfect mass, its effects on the vibration control using the dynamic

absorber are investigated. The method using the imperfect mass for the vibration control of the




stator is also investigated.

As a result, it was clarified that the resonance of electromagnetic vibration can be completely
controlled by installing two dynamic absorbers with the same natural frequency as the motor
stator at the intervals between the loop and node of that mode. If a pair of dynamic absorbers are
installed except the interval of the loops of the vibration mode to be controlled, the vibration of
the stator is completely controlled at the resonance point. It was clarified that when the pair of
dynamic absorbers are installed at the interval between the loop and the node of the vibration
mode to be controlled, the vibration control effect was highest in a wide frequency range near
the resonance point. For vibrations other than the resonance point as well, it is possible to
achieve complete vibration control by matching the frequency of the dynamic absorbers with the
frequency of electromagnetic vibration and installing the dynamic vibration absorber except the
interval between the loops of the vibration mode to be controlled.

It is clarified that the vibration can be controlled even when the rotational speed changes, as in
an inverter motor by optimizing the natural frequency ratio and damping ratio of a pair of
dynamic absorbers. It is also clarified that more grater vibration quenching effect can be
obtained by using multiple dynamic absorbers.

Since the imperfection mass has the effect of decreasing the natural frequency, the amplitude
of resonance point decreases due to the installation of the imperfection mass. When the mass of
two imperfection masses is large, the amplitude of the original resonance point can be reduced
by setting two imperfection masses apart from each other at the angle made by the loop and the
node of the vibration mode. It was clarified that the stator can be completely controlled
regardless of the relative position between the imperfection mass and the dynamic absorber.
Even if there is an imperfection mass, by using a pair of dynamic absorbers, setting those at the
interval between the loop and node of the vibration control mode, and making those natural
frequencies equal to the frequency of the electromagnetic force, the vibration of stator can be

controlled.




