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Complex realistic machine topologies

Creating complex machine geometries in FLUX2D using Overlay

* Wide variety of conventional rotating machines
* Inner and outer rotor topologies

* Pre-parameterized models
* Change to custom parametrization is possible, but not recommended

* Model reduction via boundary conditions automatically assigned

* Physics and solution scenario still to be assigned manually
* Circuit
* Materials
* Solver type
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Where to find Overlay in Flux?

® FlweD 12.3.1 - ANONYMOUS
Project  Appication  Geometry Mesh Physcs Display View Select Tools [[EXiensons)| Help

o Chocese the overlay to load

X

LookIn: | = Flux2D

ERCIAIE :: =

'8 Brushless_Permanent_Magnet_Motors_V11.1.PFO

Brushless_Permanent_Magnet_Outer Rotor_Motors_V11. LPFO
‘-8 Induction_Motors_Outer_Rotor_V11.1.PFO
'8 Induction_Motors_V11.1.PFO
< 8 Permanent_Magnet_DC_Motors_V2.PFO

'8 Switched_Reluctance_Motors.PFO

Fie Name: ||

Files of Type: |User
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A more detailed model of last week’s machine (8-pole)

'-L:B ANOMNYMOUS - Altair Flux 2020.7 - Flux2D - User overlay
Project View Select Display Help Import Mesh

B RN PR S
Data Tree =
=-| General data -
o #E) new @
A3 Edr Tl E

)b Delete Supprimer

#  Mesh Faces
2 Delete mesh

Select all

% Display PyFlux command
5 List

@ Find usages

3 XML export

) Python export

€3 TET export

€3 Excel export

3 Copy to clipboard
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General tab

% New MotorBPM

Mame *
[MotorBPM_1

General\\mrgap\ Rotor |, Stator | Winding , Brus}lless PM mOtor 1 | IVI e S h D e n S Ity :
Length Unit *

| Willimeter ,l Parameter Mesh factor [ ] O . 8
@ Mesh Density (0 <value < 1)*
|08 | |]
e, ! . —
[] Infinite box

Inner radius (in % of Rad3) *

[110.0 |
@ |0utar radius (in % of Rad3) *

140.0

With shaft *
Yes

2. Uncheck infinite box:

Appropriate boundary condition
to be assigned later

| Ok | ‘ Cancel m | Picture:
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Airgap tab
e 1. Airgap:

Mame *
[MotorBPM_1
R Te—— Brushless PM motor
Nrgap (GAP)* ﬂ arameter G
®—) e | e Aigap of e ot * 1.0 [mm]
~|

[ 1. without excentricity

Use Periodicities *

|Yes -
Rotating Airgap *

‘twu_layers_airgap v‘

2. Excentricities & periodicities:
. Without excentricity, i.e. coaxial
alsignment of stator and rotor

. Yes: reduced periodic model
. Two layers of mesh in the air gap

| Ok | ‘ Cancel m | Picture:

TU/e
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Rotor tab = Magnet shape

25 New MotorBPM *

e | Rotor Spoke 1. Magnet shape:

General ', Airgap " Romr\stalur\Wmding !

Rotor |
Magnetshape\cenera\\ P“;:am“:_r Iu[set b ROtO rSpO ke
|Rot0r8poke v| Hagneinse

General | Embedded magnet type ', Slits ',
Shaft radius (RadsH) *

[20 |
Magnet pole arc (Betal) [Deg] *
[120.0 |

Magnet Inset (Inget) *
[0.0 |

2. General:

. Shaft radius: 2.0 [mm]
. Magnet pole arc: 120 [° elec.]
. Magnet inset 0.0 [mm]

| Ok | ‘ Cancel m | Picture:
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Rotor tab = Magnet shape

25 New MotorBPM *

e | 1. Magnet shape:

General ', Airgap " Rotnr\stalur\Wmding\ ROtor SPOke

Rotor |
e . RotorSpoke
RotorSpoke -
—_—
( General " Embedded magnettype ' Slits |, I

-Embedded magnet type

[ Mot embedded -

@-) T — | 2. Embedded magnet type:
AirGap Variation (dGap) *
00 |

. Not embedded
. Magnet width: 6.0 [mm)]
. Air gap variation 0.0 [-]

| Ok | ‘ Cancel m | Picture:

8 S5LWFO: FEM for electromagnetic devices TU/e



Rotor tab = Magnet shape

% New MotorBPM X

e | Rotor Spoke 1. Magnet shape:

General ', Airgap * Rotor \ Stator ', Winding ',
Rotor |

e . RotorSpoke
RotorSpoke -
General | Embedded magnet type * Slits ',
- Slits
E 5

2. Slits:
. Slits: 0[-]
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Rotor tab = General

25 New MotorBPM

@

Mame *

MotorBPM_1

General ', Airgap " Rotnr\ Stator | Winding ,
Rotor

Magnet shape ' Genera\\
MNumber of poles (POLES) *

E

Rotor external radius (rad1) *

|10

Rotor shift angle (RotorAng) [Deq] *

[0.0

| Ok | ‘ Cancel m | Picture:

Brushless PM motor

Parameter Radl
the rotor external radius

1.

General:

Number of poles:
Rotor ext. radius:
Rotor shift angle

8 [-]
10 [m
0.0 []

m]
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Stator tab = Slot shape

25 New MotorBPM

Mame *

[MotorBPM_1

General ', Airgap ‘| Rotor ' Stator\Wmding !
Stator

@

Slot shape \ General

| StatorFlared

Slot shape |, Holes ',
Slot Depth (SD) *

[6

Stator tooth width (TWS) *

[15

Slot Opening (S0) *

[05

Radial depth (TGD) *

[06

Undercut angle (SOANG) [Deg] *

[20

Slot width inside tooth tang (SWIT) *

[14

Tooth fillet radius near slot opening (filS0) *

[0

Slot bottom fillet radius (filSB) *

[06

| Ok | ‘ Cancel m | Picture:

StatorFlared

Parameter SD
Slot depth

1.

2.

Slot shape:

StatorFlared

General:

Slot depth:
Tooth width:
Slot opening:
Radial depth:
Undercut angle:
Slot width inside:
Fillet radius SO:

Slot bottom Fillet:

6.0 [mm]
1.5 [mm]
0.5 [mm]
0.6 [mm]
30 [°]

1.1 [mm]
0.0 [mm]
0.6 [mm]
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Stator tab = Slot shape

25 New MotorBPM

Mame *

MotorBPM_1

General ', Airgap ‘| Rotor ' Stator\Wmding !
Stator

Slot shape \ General

| StatorFlared

Slotshape ' Holes \
- Tooth holes (toothHoles)

[0 nole

| Ok | ‘ Cancel m | Picture:

StatorFlared

Parameter filSB
Slot bottom fillet radius

1.

2.

Slot shape:
StatorFlared

Holes:
0 hole
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Stator tab = Slot shape

25 New MotorBPM

X

Mame *

MotorBPM_1

Stator

General ', Airgap ‘| Rotor ' Stator\Wmding !

Slotshape. General |
4
MNumber of slots (NSlots) *

Parameter Rad3
Stator outer radius

24

prCamenape

|Circle

Stator outer radius (RAD3)*

[18

Stator configuration *

[Normal

Stator angle (StatorAng) [Deg]*

[

| ‘ Cancel m | Picture:

" Circular lamination shape

1.

2.

3.

Number of slots:
24

LamShape:

Circle
Stator outer radius:

Stator configuration:

Normal
Stator angle

19 [mm]

0.0 [mm]
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Winding tab

Iwﬂﬂt::ﬁE"F'MJ | Concentric per pole winding 1 . W' n d | ng . C h ec kEd

General ', Airgap ', Rotor |, Stator * Winding \
Sinding |

@_)'wndmg | Throw = 4 ° Configuration: Classical
. Number of phases: 3 [-]

Number of phases *

3

- Classical winding type
[ Concentric winding per pole -|
Throw *

[3 |
@') (—— | 2. Classical winding type:

Coils position in slotin case of two layers *
|adja:ent v|

. Concentric per pole

. Throw: 3 []

. Number of coils: 1 []

. Position in slot: Adjacent

3. Click OK to create the model

®—| ||
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Completing the model

Geometry, mesh and face regions have been created. Complete the model such that:

* The solver is set to transient with a model depth of 100 mm (Choose a proper initialization)
* |tis connected to a circuit for no-load analysis including eddy currents in the magnets

* The physics is the same as the simpler 8-pole machine model from week 4

* A no-load EMF and cogging simulation can be performed at a speed of 1000 rpm

* Vary BETAM and SO such to find the best compromise between proper AC operation and minimal cogging

* Next properly dimension the tooth-width and back iron of the stator

Analysis under excitation

* Add current sources to the circuit such that the machine is connected in wye and define the
currents to ensure operation on the g-axis
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