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Spatial inhomogeneity of a magnet magnetization

Overview

Introduction This document deals with the following issue: "How to take into account the
spatial inhomogeneity of the remanent induction in magnets?” To answer this
question, a simple example is achieved with Flux.

This example helps to show:
¢ the modeling of a magnetization device (magnetizer)
(radial magnetization of tiles of hard ferromagnetic material)
e the modeling of a motor using the above magnets
(rear view mirror motor with magnets to the stator)

O—G—O

Magnetization Magnet Motor
Flux model properties Flux model

The first model allows the calculation of the residual magnetization in the tile.
This residual magnetization (or remanent magnetization) is transferred (via
file) in the second model. The magnets are modeled using a spatial model.

Contents This section contains the following topics:

Topic
Remanent magnetic flux density: theoretical aspect
Modeling the magnetizer (magnetization of the magnet)
Modeling the motor (use of the magnet)
Exchanges - data transfer in Flux: software aspect
Procedure: open the Flux example from the supervisor
Procedure: details of operations
Results: comparison with classic model
Results: which model to choose for ferrite?
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Remanent magnetic flux density: theoretical aspect

Magnetization ~ Magnetization process:

process The future magnet is placed in the magnetizer. The magnetization bench
generates the magnetic excitation required for the magnetization of the future
magnet.
The operating point (on the B(H) characteristics) is then located on the first
magnetization curve (upper right quadrant).

Residual The residual (or remanent) magnetic flux density corresponds to the value
magnetic flux of the magnetic flux density B remaining in the substance when the applied
density magnetic field strength H is brought to zero.

o If the saturation is reached, the magnet is magnetized "to saturation”, its
residual (or remanent) magnetic flux density is the Br "of the catalog".
o If the saturation is not reached, the magnet has a lower residual flux density.

Br. B g The point (Hm, Bm) is the
1 point reached in some areas
Brm _ \J--22 4 of the magnet

){ ,/" (Bm, Hm)

o for “saturated” magnetized area

= remanent magnetic flux density equal to Brs
o for the area excited with Hm

= remanent magnetic flux density equal to Brm

Computation of  For all the points of the future magnet, where the excitement H reaches the

the residual value Hm, the residual magnetic flux density Brm can be calculated using the
magnetic flux  following formula:
density .
\Bm = uo wr HM + Brm\ le \Brm =Bm - po wr Hm]
with:

o o = 4**10°7

¢ u;: magnetic permeability

e Bm: magnetic flux density at the point of maximum excitation

e Hm: magnetic field at the point of maximum excitation

¢ Brm: remanent magnetic flux density at the point of maximum excitation

In the device ... The magnet, placed in the destination device, is now the source of magnetic
excitement.

The operating point (on the B(H) characteristics) is now located on the
demagnetization curve (upper left quadrant).
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Modeling the magnetizer (magnetization of the magnet)

Modeled device The magnetizer
comprises a magnetic
circuit with an

inductor. Magnet
volume

The future magnet is
placed in the center. Inductor

Due to the symmetry
(XY plane), only one

yE Magnetic
half of the device is circuit
modeled. This
simplification is
possible because there li z
is the same symmetry v g
in the motor. —

Physical Physical application: 3D Magneto Static
description Physical description in Flux: see table below.
Region Material Model (properties)

Isotropic analytic saturation (arctg, 2 coef.)
pr =2 Js=0.25T
Isotropic analytic saturation (arctg, 2 coef.)
pr = 1000 Js=0.3T

MAGNET FERRITE

MAGNETIC CIRCUIT IRON

Non mesh coil Associated electrical component
coiL 1 COIL_CONDUCTOR
Turn numbers = 2000 Imposed current = 10 A
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Modeling the motor (use of the magnet)

Note

Modeled device

Physical
description

Altair Flux™ <~

The device in which is inserted in the magnet (previously magnetized) is a

rear-view mirror motor.

This motor is described in detail in the technical
tutorial "Rear-view mirror motor analysis".
This example is available from the Supervisor in
the context Examples (technical tutorials).

&) Technical tutorials

. ®-@ Translating motion

. (@ Rotating motion

- [ =@ Rear-view mirror motor]
. B-@ End winding

In the normal function, the two
magnets polarize the magnetic
circuit and, according the current
emitted in coils, a torque is
exerted on the rotor.

The coils are not simulated in the
models of test case.

Due to the symmetry (XY plane),
only one half of the device is
modeled.

Rotor

Coils

Coils

Permanent
magnets

Frame

Permanent
magnets

Frame

The comparison between an ideal magnet magnetization and the export
computed magnetization is done by simulation of the torque exerted on the

rotor in rotation.

Physical application: 3D Magneto Static
Physical description in Flux: see table below.

Region Material

Model (properties)

MAGNET_MINUS

MAGNET_MINUS

Spatial model (imported quantities)

MAGNET_PLUS

MAGNET_PLUS

Spatial model (imported quantities)

FRAME_REGION

STAINLESS LIN

Linear isotropic / pr = 1550

ROTOR STAINLESS LIN Linear isotropic / pr = 1550

Mechanical set Movement Kinematic

ROTOR Rotation around the OZ axis Multi static
STATOR Fixe -
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Exchanges - data transfer in Flux: software aspect

Introduction

This topic deals with reminders on the exchange of data in Flux. This
information is extracted from the Flux documentation « Multiphysics co-

simulation: principles ».

On the The data exchanges can be carried out on various supports: points of domain,
supports of nodes of mesh. ..
exchange
If identical mesh If different mesh
Data exchange on Data exchange on
the nodes of the mesh a group of points
——eo—o —o ——9o \
To each node
— . . (of one mesh)
A S S A or ; a position
(of the other mesh)
vy v v is associated
X x x X X _)
Support of exchange = | Support of exchange =
group of nodes group of nodes
Multipoint The 1% exchange type concerns the transfer of the coordinates of the nodes
support (stored through multipoint support).
Support MP : nodes of the magnets (from the Motor to the Magnetizer)
: E Export node i
o coordinates '
I ____________________ ___J
Creation of a File Nodes of the mesh
multipoint C: C: (magnet minus /
NODE_MAGNET_MINUS.DEX
Support: MP. NODE_ MAGNET_ PLUS.DEX (I p|US)
Magnetizer Project - - ' Motor Project
Spatial The 2" type of exchange concerns the transfer of the physical quantities
quantity (stored through Spatial quantity).

Spatial quantity Br (Residual magnetic flux density)

i Export i | i Import i Quantity
1 spatial quantity | i I spatial quantity ! [ to create

Spatial quantity
(formula)
Br (magnet minus)
Br (magnet plus)

File Spatial quantity:

|:> BR_MAGNET_MINUS.DEX |:> BR_MAGNET_MINUS

BR_MAGNET_PLUS.DEX BR_MAGNET_PLUS

Note: This is the same command that allows the import and the creation of the new
spatial quantities (in the Motor project)
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Procedure: open the Flux example from the supervisor

How to
proceed ?

e RVM motor (2"

To start this double simulation Flux-Flux, you have to open the 2 examples:
e Magnetizer (1)

Step

Action

1

Select the working directory in which the examples will opened

2

Select the example

=@ Double simulation Flux-Flux: magnet magnetization
=@ Magnetization then use of a magnet

(@ Magnetizer

(@) RVM motor

Click on “open the selected project” (or double-click on the name)

How it works?

Both examples are launched in parallel in the working directory.

Synchronization of exchanges is carried out in the script files.

... atthe end of At the end of the process, you have the following items in your working

the process

directory ...

MAGNETIZER

MOTOR_RVM

Pythons files /

Scripts of the process

TESTCASE_INLFLU
buildGeomesh.py
buildPhys.py
mainEx.py
postprocessing.py
salving.py

buildGeomesh.py
buildPhys.py
buildPhys_exchange.py
mainEx.py
postprocessing.py
solving.py

Flux projects

physbuilt.FLU
postprocessed.FLU
solved.FLU

Casel_GeoMesh.FLU
Casel_Phys.FLU
Casel_Postprocessed.FLU
Casel_Solved.FLU

Exchange files

BR_MAGNET_MINUS.DEX
BR_MAGNET_PLUS.DEX

NODE_MAGNET_MINUS.DEX
NODE_MAGNET_PLUS.DEX

Synchronization file

Synchro_MAG.bct

Synchro_RVM. bt
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Procedure: details of operations

Introduction

To understand the data exchange process, you can achieve it "by hand™ using

the following operating mode. The first block gives an overview of the
procedure. Detail of operations is then presented in the following blocks.

Procedure To start you must first retrieve the intermediate Flux projects created
previously (see § Procedure: open the Flux example from the supervisor). It is
recommended to work in another directory.

MAGNETIZER MOTOR_RVM
Open the project
0 Open the solved project MOTOR_RVM / Casel_GeoMesh.FLU

MAGNETIZER / solved.FLU

and run the command file
MOTOR_RVM / buildPhys.py

0+

Create 2 global cylindrical coordinate systems
e MAGNET_MINUS: RotationAngles (0, 0, 180),
e MAGNET_PLUS: RotationAngles (0, 0, 0),

Export the node coordinates of the magnet
region into a data exchange file:
NODE_MAGNET_PLUS.DEX

Be careful with the coordinate system of
exportation (MAGNET PLUS)

Create 1 multipoint supports MP_MAGNET
by importation of the node coordinates i.e.
NODE_MAGNET.DEX file

Importation Coordinate system = STATOR

Export the residual flux density (Br values)
of the magnet region from the multipoint
supports into a data exchange file

® BR_MAGNET_MINUS.DEX = Br = B-poH

e BR_MAGNET_PLUS.DEX = Br = - (B-poH)

Exportation Coordinate system = STATOR

Create 2 tabulated spatial quantities by
importation of the residual flux density (Br
values) from the data exchange file

e BR_MAGNET_MINUS

e BR_MAGNET_PLUS

Be careful with the coordinate system of
importation (MAGNET_MINUS & MAGNET_PLUS)

The actions presented above are in python files ...

MAGNETIZER / postprocessing.py

MOTOR_RVM / buildPhys_exchange.py
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(continued)

MAGNETIZER
(solved.FLU)

MOTOR_RVM
Casel Phys.FLU

Make use of the tabulated spatial quantity in
the material definition.

5 e MAGNET_MINUS = Br = BR_MAGNET_MINUS
e MAGNET PLUS = Br = BR MAGNET PLUS
It’s possible to solve the model with one step

6 in live. Use the scenario SCENARIO_ONE_STEP

(solve time = 1min)

7 | Close the model

Close the model

Step 1 Export the node coordinates of
the magnet region into a data
exchange file:
NODE_MAGNET_PLUS.DEX

Command :
[Parameter/Quantity]

[Export node of regions]
[Export coordinates of region

& Export coordinates of region nodes | = DY .|‘

rSupport for exportation
|VOIumeregi0n v|

Volume region *
| MAGNET_PLUS ~|[»

r Export file
Export format

| .DEX Flux file format -
File Name *
|n0de_magnet || ‘|

nodes] Length unit (meter if any)
[MILLIMETER ~|[»
Coordinate System of exported coordinates
[STATOR ~|[»
Position of the mechanical set of the support (if existing)...
Position of the mechanical setin the file
“Reference position '|
G ok |[ cancel [ ® | |
Step 2 Create 1 multipoint supports & New mutipoint support by import.. LS|
MP_MAGNET

by importation of the node
coordinates i.e.
NODE_MAGNET.DEX file

Command :

[Support]

[Multipoint support]

[New multipoint support by
importation of a list of points]

Mame of multipoint support *
|I'u1F'_magnet |

File to import
Import format
| DEX Flux fil format -|
File Mame *

|_IMOTOR_RVM/node_magnet DEX 2

Length unit (meter if any) *

| MILLIMETER ~|[»]
Coordinate System
|STATOR ~|[»

Moving with a mechanical set
Create moving or fixed support
hCreate a fixed support v|

Proprietary Information of Altair Engineering



J\ ALTAIR

Step 3

Step 4

Altair Flux™ <~

Export the residual flux density & Export spatial quantity and formul... S

(Br values) of the magnet
region from the multipoint
supports into a data exchange
file
e BR_MAGNET_MINUS.DEX

- Br=B-poH
e BR_MAGNET_PLUS.DEX

- Br =- (B-uoH)

Command :

[Data exchange]

[Export quantity]

[Export spatial quantity and
formula starting from different
types of supports]

rSuppor for exportation
|I'u'|u|tip0intsupp0r1 v|

Multipoint support *

|MF'_MAGNET_MINUS
Reqgion in which the computation points must be
Region in which the computation points must be

|VOIumeregion '|

Yolume region *

|MAGNET ~|[»
r Export format
| DEX Flux file format |
File Name *

|ER_magnet_minus

Length unit {meter if any)
|MILLIMETER

System of coordinates
| STATOR_CART

Position of the mechanical set of the support (if existi...
"F'osition ofthe mechanical setin the file

Reference position 'l
Formula *
B-Mu0(H Ll

Create 2 tabulated spatial
quantities by importation of the
residual flux density (Br values)
of the magnet region from the
data exchange file

e BR_MAGNET_MINUS

e BR_MAGNET_PLUS

Command :
[Parameter/Quantity]

[Import parameter and quantity]
[New (constant) tabulated
spatial quantity by importation]

&~ New (constant) tabulated spatial quantity b...u'
o ——————— -

MName of the tabulated spatial quantity for the result of importation *

| Br_magnet_minus

- Support for importation

|velume region

Volume region *

| MAGNET_MINUS ~|[»]
rImport format

| DEX Flux file format -
File Mame *

[BR_MAGNET_MINUS.DEX | 2

Length unit (meter if any)

[MILLIMETER ~|[p]
Coordinate system to attach the imported values
[MAGNET_MINUS ~|[p]

Unit of the spatial guantity *

Tesla

-lmport options

[Node to node

-Position of the mechanical set of the support (if existing) in the f..

[Position ofthe mechanical setin the file

Reference position -
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Results: comparison with classic model

Inthe Display of Br in the magnet:
magnetizer e isovalues: ModV(B-Mu0*H)
e arrows: B-MuO*H

BR MAGNET
150.000E-3

144.70EE-3
139.41ZE-3
134.118E-3
128.824E-3
123.528E-3
118.235E-3
112.941E-3
107.647E-3
10Z.353E-3
97.0559E-3
S91.7E5E-3
SE.471lE-3
81.176E-3
75.8BZE-3
70.588E-3
£5.294E-3 L
£0.000E-3

ModV (BE-Mul () *Hj

In the Display of B, H and Br on a path in the center of the magnet.
magnetizer

0,35 : : 160000

T 140000

-+ 120000

r 100000

—+ 80000

B (Tesla)
H (A/m)

T 60000

T 40000

e oo —nB [ frorm s 00000

1]

0,000 0,005 0,010 0,015
Abscisse curviligne (mm)

Comment There is a rather low Br value (Brm = 0.13T) compared to the ideal theoretical
value (Brs = 0.25T).
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In the motor Display of Br in the magnet
e isovalues: Br
e arrows: Br

BR MAGNET
150.000E-3 ———
144, 706E-3 ——MM—
139.412E-3 ———
134,118E-3 ——
128.824E-3 ———
123.529E-3 —MMM—
LU' 118.235E-3
ﬁ 112.941E-3
E 107.647E-3
8 1p2.353E-3
o 97.058E-3
=]
S91.765E-3
8E8.471E-3
81.176E-3
75.88ZE-3
70.588E-3
£5.294E-3
g0.000E-3
In the motor Display of B and Br on a path in the center of the magnet.
0,14
0,12 -
0,10 &%~
T 0,08 |
w
@
= i |
@ 0,08 romssemeeseene e s e
0 O
——Br
0,02 oo = Tl -1 el £ —
0,00 i ;
0,000 0,005 0,010 0,015

Abscisse curviligne (mm)
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Torque
computation

Comment

Altair Flux™ <~

Display of electromagnetic torque versus angular position of the rotor and
comparison with the classic motor (ideal magnetization).

8,0E-04
e T e T

4,0E-04 - j ’ § § : T - :

2,0E-04 - e e £

0,0E+00

Torque (N.m)

-2,0E-04 - | | | e e

-4,0E-04 -}-------] | | oo . A

—— RVM-Spatial

-6,0E-04 - ——RVM-Classic |

-8,0E-04

Angular position (°)

We note a significant difference on the torque between the two models.

These differences are due to ...

e a magnetization of the magnet not uniformly radially (see image below)
-> adjust the shape of the magnetizer

e there is not enough energy injected to achieve full magnetization
—> increase the current in the coils of the magnetizer

e the model chosen for the first magnetization curve of the ferrite is not good
(this is discussed in the following paragraph)

e

Ao XK

In cylindrical
coordinate
system :

Classic model Computed model
Ideal theoretical value (Brs=0.25T). Computed value (Brn=0.13T)
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Results: which model to choose for ferrite?

About model To achieve a consistent result, it is important to correctly model the ferrite
material and thus answer the question: which model to choose?

For ferrite used in this example, visualization of the B (H) is shown in the
figure below.

w=10 pu =5 W=2

falad
U0 7

1" magnetization curve

B(T)

-300

H (A/m)

Flux models In the example, the model used for the ferrite is a model of type
Isotropic analytic saturation (arctg, 2 coef.) with u, = 2, Js = 0.25T.

Other solutions are possible and are shown in | — Linear: mur=2
the figure bE|0W Arctg 2coef: mur=2 Js=0.25

— — -Linear- mur = 5
Arctg 2coef: mur=5 Js=0.25
— — -Linear: mur = 10

=10 w=5 =2
05 Jr rrrrrrrrrrrrrrrrrrr A S T
1rsl ma H o / -
gnetlzatlon curve
i i ; |~
0,4 1o yS— peemeees PN Rt BT I e L FN—
/A = I
/ / e
03 / : S :
UL B =iy - ol N
£ /| o = em=1
@ N C i =T
| A < e R P i
0.2 . i P
: [ 5 — 5 -t
i p PPt
[ @ : P :
01 ool e e ot
/ - _ie=7 : : .
/ — - H H :
0,0 == i i : j=t
0 50000 100000 150000 200000
H (A/m)

The linear model (- = 2) is, perhaps, more appropriate for this situation.
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Comment About the energy injected ...

If we take the curve of the Magnetizer project "B, H and Br on a path to the
magnet center", H varies between 90 10° and 140 103 A / m (in the center of
the magnet).

When these values are projected on the previous curve "Flux Models for B
(H)", we see that with the model (arctg 2 coef. ur = 2, Js = 0.25T), it is not
possible to reach a Br above 0.13T.
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