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Electromagnetic Noise Reduction of Submersible Induction Machine
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Abstract: In order to solve the problem that induction
machines generate time harmonics in the windings when
supplied at variable frequency, which leads to the increase of
electromagnetic vibration and noise, an improved sine pulse
width modulation control strategy using hybrid harmonic
injection is proposed. A 1 120 kW submersible induction
machine is taken as the research object, by injecting 3rd and
9th hybrid harmonics into the machine, the modulation wave
of voltage, carrier harmonics and their side harmonics
components are weakened, thus reducing the vibration noise
of the machine. The harmonic ratio coefficients in the 3rd and
Oth hybrid harmonics injection methods are optimized to
further strengthen the weakening of sideband harmonics and
reduce the machine noise overall. Finally, by comparing the
performance of the machine with hybrid harmonic injection
method and the conventional machine before optimization in
terms of iron consumption and copper consumption, it is
verified that the proposed strategy effectively attenuates the
electromagnetic noise of the machine without affecting the
basic performance of the machine.

Key words: submersible induction machine; sine pulse
width modulation; hybrid harmonic injection; electromagnetic
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and noise

At present, the submersible induction machine
with high power and high voltage is widely used in
underwater scenarios such as

various operation

drainage irrigation, rescue and disaster relief because

of

However, the electromagnetic vibration and noise

its simple structure and stable operation.

problems generated by the induction machine during

operation have also attracted extensive attention.
120 kW

machine as the research object, an improved sine

Taking a 1 submersible induction
pulse width modulation (SPWM) control strategy is
proposed. By injecting hybrid harmonics into the
SPWM modulated wave,

optimization of the line voltage waveform of the

in order to achieve
machine windings and to reduce the noise of the
machine.

Firstly, the expression of inverter output line
voltage under harmonic injection modulated wave is
derived, and the influence of harmonic injection on
machine line voltage is analyzed.

Then, by and 9th  hybrid

harmonics into the machine, vibration and noise

injecting  3rd

caused by carrier harmonic are weakened, and the
harmonic coefficient in the 3rd and 9th harmonics
injection method is optimized. The simulation results
are shown in Tab.1. This method further strengthens
the weakening of harmonics and reduces the machine
noise. The simulated noise spectrum diagram is
shown in Fig.1. The results show that the average
noise level is reduced by 9.71 dB after adopting this
method.

Finally, by comparing the performance of the

induction machine with the conventional machine

S5

before optimization in terms of iron consumption, and
copper consumption, which is shown in Tab.2. The
the of

induction machine decreases by about 1% due to the

simulation results show that efficiency
increase of stator copper loss. It is verified that the
electromagnetic noise of the machine is effectively
weakened by harmonic injection without affecting the
basic performance of the machine.

Tab.1 The line voltage with 3rd and 9th harmonic

injection

Root mean square )
Line voltage

Harmonic coefficient of fundamental

THD/%

line-voltage wave/V
k =1/8 5713.2 76.98
k,=1/6 5717.7 76.86
k =1/4 5 872.6 75.14
ky=0.24 k,=-0.025 5752.8 75.27
k;=0.24 k,=-0.05 5 846.2 75.10
k;=0.24k,=-0.1 5 808.2 75.36

Fig. 1 The noise spectrum of the submersible

induction machine

Tab.2 The changes of the submersible induction

machine performance

Harmonic coefficient Core loss/kW Copper loss/kW Efficiency/%
ky=k,=0

11.2 18.25 93.57

£ =0.24,k,=-0.025  11.27 22.99 92.62
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