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Abstract - This work studies the effect of stator magnetic wedges on the electromagnetically-induced acoustic noise and vibration of a squirrel cage 

induction machine. It is shown that magnetic wedges with relative permeability 𝝁𝒓 = 𝟐𝟎 gives 2dB reduction.

Effect of magnetic wedges on noise and vibrations

Lamination geometry

Assumptions

Electrical machine data

Simulation process

- Noise and vibrations are only due to Maxwell forces

- Magnetic materials are non-linear (M400-50A)

- Electromagnetic models are 2D (no skew)

- Sinusoidal-supply without strong circuit coupling

- Vibroacoustic study is carried up to 3500 RPM 

3-phase double-layer overlapping 

integral distributed winding

Electromagnetic model

consists in calculating 

separately the rotor and stator 

airgap permeance functions

This is automatically done in 

MANATEE [R3]  by creating 

some FEMM models and by 

imposing an arbitrary mmf

along the airgap

Resonances at 380 and 1170 RPM

due to 2 slotting magnetic excitations 

which resonate with the elliptical mode 

of the lamination 

- Simulations validated by experiments show that both load and no-load

currents decrease and that power factor and efficiency are improved

using magnetic wedges [R1]

Electromagnetic effect

Vibro-acoustic effect

Effect of 𝝁𝒓,𝒘𝒆𝒅𝒈𝒆 on monitored output values

Sensitivity study: wedges added with varying 𝝁𝒓,𝒘𝒆𝒅𝒈𝒆

Without wedge (𝝁𝒓,𝒘𝒆𝒅𝒈𝒆 = 𝟏) 

Main force harmonics

𝒓 = −𝟐 𝒂𝒕 𝒇 = 𝟓𝟔𝟔. 𝟕 𝑯𝒛
𝒓 = −𝟖 𝒂𝒕 𝒇 = 𝟒𝟔𝟕 𝑯𝒛
𝒓 = 𝟒 𝒂𝒕 𝒇 = 𝟏𝟖𝟔𝟔. 𝟕 𝑯𝒛

The 2 force harmonics 

linked to the 1𝑠𝑡 order of 

slotting have the same 

decreasing behavior

𝐹𝑟𝑎𝑑,−8 magnitude is 

twice 𝐹𝑟𝑎𝑑,−2

Vibroacoustic effect of current variation

Magnetizing inductance increases

of 13% with magnetic wedges of

permeability 20

Current reduction

By imposing constant power, the

phase current is reduced from 93.1

to 87.0 𝐴𝑅𝑀𝑆
Additional 1.2dB noise and

vibration reduction

Maxwell forces are quadratic functions of 

flux density, decreasing is :

Δ𝐿 = 20 ∗ 𝑙𝑜𝑔10
𝐹𝑟𝑎𝑑,−2,𝑚𝑎𝑥

𝐹𝑟𝑎𝑑,−2,𝑚𝑖𝑛
= 𝟐𝒅𝑩

- The use of stator magnetic wedges at constant current level can reduce the magnetic noise and vibration due to first slotting harmonic of 2 dB when 𝜇𝑟 = 20
- The effect of magnetic wedges on NVH reduction strongly depends on 𝝁𝒓,𝒘𝒆𝒅𝒈𝒆 (𝝁𝒓,𝒘𝒆𝒅𝒈𝒆 = 𝟑 only gives 0.5 dB reduction) and wedge geometry

- At constant power, the phase current level further decreases due to lower Carter coefficient improving the noise reduction due to magnetic wedges

Same decreasing value observed on 𝑳𝒗𝒊𝒃
as well as on 𝑳𝒘𝒓𝑨,𝒎𝒂𝒙 (max of A-weighting 

SWL)

𝒁𝒓 = 𝟐𝟖 rotor slots

𝒁𝒔 = 𝟑𝟔 stator slots

𝒑 = 𝟑 pole pairs 

Nominal speed 𝑵 = 𝟏𝟎𝟎𝟎 𝑹𝑷𝑴
Constant value of current 𝑰𝑹𝑴𝑺 = 𝟔𝟒. 𝟐 𝑨

- The effect of stator magnetic wedges on a synchronous machine allows a

reduction up to -25% (corresponding to -2.5 dB) of radial force harmonics

[R2]

- A 2 dB reduction is obtained on a PWM-fed PMSM thanks to stator

magnetic wedges using relative permeability 𝜇𝑟 = 3 [R1]
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