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Presentation Outline

= Introduction and Background

= Motor Components

- Model development for magnetic noise
- Electromagnetic Model
- Mechanical and Acoustic Models
= Prediction Results

= Conclusion
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Product and System Examples
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Main Components in Induction Motors

Squirrel cage motor with straight bars

Stator Core
(Laminated)

Rotor Core
(Laminated)

Rotor Cage )
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Motor Windings or Coils

Overhang
windings
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Motor Acoustics

Noise Sources

1) Magnetic Noise
2) Fan Noise
3) Mechanical Noise

Energy Conversion Chain from electric supply to noise

Electric Electro-

Power
supply

Mechanical Acoustic
System Environment

magnetic
System
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Model Building Procedure
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Step 1 Step 3:
Modeling the Modeling Acoustics-Structure
Interaction

motor's operation
2D, Tim_e _domain

in Comsol

2D or 3D, Frequency domain

in Comsol

Stress|tensor

on Stator-Airgap Boundary

A
Stress|tensor
on Stator-Airfgap Boundary

Fourier Transform
Time -= Frequency

e Amplitude

Step 2:

Phase

in Matlab
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Stator Winding and Equivalent Circuit

The equivalent circuit: Lumped Model

The stator circuit for one phase

1 Air
Bl Shaft Voltage Source VA
[ Core
, e |
Induced voltage Resistance of
across the coll sides
AP1 and AN1 the coil sides merMHQ_WInding D\I‘thﬂhg—\“hdihg
AP1 and AN1 Resistance ductance
—(~) D e e R e
o
Induced voltage Resistance of
across the coil sides the coil sides Overhang-winding Overhang-winding
AP2Z and AN2 AP2 and AN2 Resistance Inductance

Rotor bars
@ Aluminum

= 48 slots

BN AP1 [N BP1 N CPl

StatorSlots [—J AN1 [ BN1 [—]cCN1

(Copper) mma AP2 EEE BP2 EE CP2 = 38 bars
AN2  EE3 BN2 EE CN2

= 2 branches for each phase circuit
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Equivalent Circuit for Rotor

The equivalent circuit: Lumped Model

Lr Hr Lr Rr Lf Rr
= e AT A e R (V\V,V\ Vi o g S — AN\~
Ibar,n-1 i ibav.\n_f/ P f‘ lbar n+1

= Ik oS fir A\
Rs LN\ R ron+t)
2 "3

e

VAV

5
Rotor § -§ CT) .§ Rotor
care core
region ® 2 2 region
= L =
2 \ B3 [ =2
R, Rs< /] RS
L \»V,/ j‘ e s >
Ao AN AN — e AAAN—
Lr R L R, Lr R,
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Induction Motor in Operation

3 phase
sinusoidal

supply

Induced rotational Induced currents Induced
Magnetic field in rotor bars Magnetic field

Rotation

« Synchronous speed s = 120 x —
. Slip s=22""r %100

Nss
Motorl f =50Hz,n, =4 — 1500rpm
f : supply frequency (Hz) ngs : synchronous speed (rpm)
np : number of poles nys : rotational speed of the rotor (rpm)
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Step 1: Electromagnetic Model

Solve for:
' 3-phase ODE <—— Load Torque
Voltage Supply Angle A, lcoil
l A 1 1
L J
rer— Vbar, Angle
Ir_:oil - - Vbar

. . Vinduced «<— A — Linduced ) )
Stator's circuit rmm Rotor's circuit

F

Y

- Lamination is perfect — no eddy current loss

+ Coils are made of thin wires and perfectly insulated from
one another

Nples /Sy in stator slots
JA 4 NP s By
V x (v x A) = —ﬁjﬁ + oVye, /1, Tn Il‘JTl'}Fl bars (3.17)
=l in shaft
0 elsewhere (cores, airgap)
d’a _
JF — Trutor - Tlnarl (’329)
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Step 2: Transformation from Time to Freq. Domain

- Extract Maxwell stress tensor along the Stator-Airgap Boundary
during the steady state

- Transform from time to frequency domain using Fast Fourier
transform in Matlab

- Save the results in text files for next step

52: stator-Surrounding Air
Boundary input output = fifinput) output= ffinput)

S1: Stator-Airgap

Boundary

ba{output)
k=] ﬁ
L]
- e

—a
S}
—
=
s
-64@
—
—
————a

.

angleloutput) in ra;

I i T
Uil Ly, L

o & 1 L 20 25
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Step 3: Acoustics and Mechanical Models

Stator + Surrounding air + PML (air)
The air density is unchanged in time & space

psu=V-o+Fy instator

?—3v4vm=0 in air
p—n -(Vp) = —mn -1 in Stator-Air boundary
A
o-n=pn in Stator-Air boundary

[] stator core (iron)

—psw?u =V -0+ Fy in stator

|:| Surrounding air layer

. Perfectly matched layer (air) —w‘zi‘) - sz . (VP] == O In alr
1 . .
2
—n- = — , in Stator-Air bounda
- Young modulus: stress-strain = p An (Vp) e Y
+ Poisson ratio: strain-strain o-n=pn in Stator-Air boundary

w(= 27 f) is the angular frequency (in rad/s)
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Motor Parameters
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Power supply

3 phase, 388V (nominal)

Number of poles

4 poles

Stator

48 slots

Rotor

Squirrel cage, 38 straight bars

Load

No load
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Prediction Results
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Structural Resonances

£E 3 Mode Shapes of stator
s with housing

al) 1155 Hz

Particular resonance interacting
with the electromagnetic excitation

Sound Radiation Pattern at 1155 Hz
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Conclusion

- A multiphysic model to predict magnetic noise was built in COMSOL
- The electromagnetic model of the motor in 2D is solved in time domain

- The resulting electromagnetic forces are used in the frequency domain to
perform the mechanical and acoustic analysis in 2D

= Future work on a 3D structural model and implementation of BEM for sound
propagation
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