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Overview

Studied device

o Alinear actuator
Functionality

o The rotation of the target wheel near the tip of yy w

the sensor changes the magnetic flux, creating £
an analog voltage signal that can be
recovered in probes.
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Device description in Flux

The device consists of an actuator

o One Magnetic Core
o One caoll
o One mobile part

© Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.

obile part

Magnetic circuit
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process

Process outline

o Import the SAT file

o Simplify the geometry

o Create the physics

o Solve the project

o Check the results
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Linear Actuator - Import

& FluaD 12.1 SP1 - Modeler context ANONYMOUS
7. Return to standard geometry context sﬂ 07, ‘? e H tg. _44& | ﬂ :
,! Close Z =

E Save Chrl-5 =
ﬂ Save as...

< Command file 4

< Macro L3

Import geometry from a CATIAY4 file

Impart geometry From a CATIAVS file

Import geometry From a ProE File

Print »

Import geometry from a IGES file (advanced mode)

2R Exit Alt-F4

Import geometry From a STEF file {advanced mode)
Import geometry From a KX File

Import geometry Fram a PARASCOLID file

Import geometry From a SOLIDWORKS file

Import geometry From a Inventor file

Import geometry from a D¥F file {advanced mode)
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Linear Actuator - Import

Import geometry :

o Check options

- ™
& Import geometry from a SAT file ﬂ

General \\ Entities ', healing ',
File name *

[TP_modeler saT ==

Coordinate system for geometry attachment

-]

Scale factor
[1.0 |

Center the geometry
) yes
® no

A ox [ e I[ @ |

o Save the project:Project > Save As - Actuator
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Linear Actuator - Import
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Detect and simplify small volumes

Correction&simplification - Detect entities - Detect small volumes

-
& New Detect small volumes

Detect small volumes -

===

Type of volume detection

|Detecti0n by volume

vl

Maximum volume (m3)*

|1.0E-9

ok || o || @

|

Correction&simplification - Simplify entities = Simplify small volumes

Mew Simplify small volumes \

Name of geometric operation *

| simplifyvalume_1

Comment

List of small volumes to simplify

VOLUME 4 ABNORMAL EPS VOLUME SHORTER THAM

-]

B o J[ cns [ @

© Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.
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Simplify geometry

Correction&simplification > Remove volumes—> New

RemaoveVaolume_1

9 2\ ALTAIR



© Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.

Simplify geometry

Simplify the geometry : use the tool Clean faces

~ Lines created : O .
Faces created 1 9 .

- Volumes created : 5 .

2\ ALTAIR
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Geometry: defeaturing of holes

Correction&simplification - Defeature holes/filets/chamfers> New

© Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.

¥
| LI

Maximum diameter of holes * - - - e

5 & Geometric operation creation coordinate system: |XYZ1 -

Sphere detection * Output =F=T]
yes -] PyFlux Command -5

List of faces to keep during the defeaturing vﬂ Command prompt | + : Flux3_log.py ' Project_PyFlux_Log.py ',
L‘ < [ 1 lute (volume=1.0E-3)) (2 |_u H [l 4
N | = y

HL = ][ o= ] ® |

11
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Geometry: defeaturing of filets

Correction&simplification - Defeature holes/filets/chamfers> New

New Defeature objects '

ISt of 0bjects to defeature
|oBy_mPorT_1 ~|[»

r Defeature fillets

Defeature fillets

© Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.

12
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Maximum radius of fillets *
,7
- mi(l. | = -
Angle maximum between fillet suppors * = L [
175.0 ” @ Geometric operation creation coordinate system: | XYZ1 vJ
i e ]| [W| |output o]
EythidG [—/O]
- Defeature holes Command prompt | : Flux3D_log.py ' Project_PyFlux_Log.py ',
D u 1 [ﬂty‘pene:ec:ion=HaxVolumeahsolu:e (volume=1.0E-9)) : 5 u a8
diameter of holes * m 1 -



Geometry: Cut the device

Correction&simplification - Cut objects—> Object cut

Cut along YZ and choose all the sections

13
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Cutwizard—StepZ“n,l

Mame of geometric operation *

| Cut_1

Comment

-Cutting

List of cut sections

SECTION 1

SECTION_2

SECTION_3

SECTION_4

SECTIOM_S

J\ ALTAIR
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Geometry: Cut the device

Select Obj_cut 1 2,1 3and 1l 6 >"Right click” >Force delete
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Geometry

Tools—>Translation=>New

“‘Move” is a geometric parameter (equal to 5)

15

New Translation ‘\

MName of geometric operation *

| Translate_1 |

Comment

| |
List of abjects to translate [»]

COBI_CUT_1_1

Coordinate system of translation definition *

|3z ~|[2]
Move X *
0 .l
Move Y =
[-MOvE |70l
Move Z*

[0

|l

o« || e ||| ® |

© Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.
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Linear Actuator — Infinity Box

Create InfiniteBox: Geometry = InfiniteBox->New

& Edit Infinite Box[InfiniteBoxCube]

Mame of the Infinite Box *

|InﬂniteE-:uxCL|:e

Comment

'TH'DE ofthe Infinite Box
(Parallielepiped =
Parallelepiped sizes Formula or Value
¥ Inner Size, Half Length 50
¥ Outer Size, Half Length 50
' Inner Size, Half Length )
¥ Outer Size, Half Length 60
Z Inner Size, Half Length )
Z Quter Size, Half Length 50
5 | QK J | Apply J | Cancel JH | i J | Picture J

16
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Infinite box cube

1
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Linear Actuator — Infinity Box

Complete infinity Box

mwmmvymmmmymmrﬂm

LR N J»\mwm’mmu%ww *‘/Hﬁl’l\“n.%f%“ﬂ" L Jh.i‘ F IR % @
Data Tree

=

WO Geometry

@@;l&l\% e o i R S o U om B B~ om0 by b b, b b bg hg b b

Ca Extensions

17
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Meshing

Disable the aided mesh: mesh ->aided mesh —2>inactivated
Select all the device points and assign “Medium” mesh point

Select the points of the infinite box and assign “Large” Mesh point

& Edit Mesh Pcim[LARGE,MEDu
Entities aniﬁr; LARGE MEDIUM
= {5 Mesh Point
@ name = LARGE MEDIUM
e Comment Initial values |Large mesh ... |Medium mes...
e LIMIT * Initial values |MILLIMETER.  |MILLIMETER.
e VALLE * Initial values |12 0.92115587...
e COLOR * Initial values |Red Turquoise
A o || mey || cond || ®
=

18
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Physics
Create the Application: Application - Define->Magnetic Magneto static 3D

Create the symmetry: Physics - Symmetry - New

-
& Mew Symmetry - r‘___ u
- Geometrical type of the symmetry
(Versus YZ-plane -
X offset Position of symmetry plane *
0 |10
~Physical aspects ofthe symmetry
| Tangent magnetic fields, normal electric field, adiabatic condition '|
B oK Cancel H @
b m

Mesh the domain: Mesh - Mesh domain

19 J\ ALTAIR
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Physics

Import material from Material Manager: Physics - Material-> Import from material manager

e Q3

Material databases ‘ G || & Welcome :@ Curves comparator | G E] [Fux projects 2 ‘
Sorted by <hom o etartap | V222 Alacer i fes matehiaux & mporter dans Fiax.
Famiy . « Welcome P | is serant mportés en temps rée,
Flux3D 12.1 SP1 - Magneto Static 3D - ANO...
@ Cedrat (< | - o -l @
Consultation of databases" context By
B Soft -
Non-oriented Siicon Steel = AU_1010.XC10 RO
Grain-oriented Siicon Steel
Nickel-Iran Alloy Introduction The consuttation context allows the user to see and compare the information on materials, to compare
Cobalt-Iron Alloy the curves and to export materials to Flux. t works in mutti-databases and muti-mateials mode.
Soft magnetic composite ¢ e v the ot
amorphaus Allay is avaiable via the folowing button:
Pure Iron
Stainless Steel 3

Forged Steel

FLU_1010_XC10_RO
GaeHETT

MultipleSources_1018_DC

Thin-gauge Siicon Steel Contents This section contains the following topics:
Soft Ferrite Consult and compare

Manocristalline Importing of the materials in a Flux project

Magnet

Touls of displaying for curves b
Electric
Other

HEE

[F Comparative table

(@) General

-
(D) Additional information

1M Magnetic properties B(H)

) Blectric properties J(E)

1 Dielectric properties D(E)

[l Thermal conductivity K(T)

)il Velumetric heat capadity RCP(T)

o

() Lamination data
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Physics

© Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.

Create an I/O parameter to drive current value: Physics - Parameter/Quantity—->1/0O parameter > New

Value: “Current”

-
&= New Physical parameter

Mame of the Physical parameter *

| current

Comment

r Type of Physical parameter

| Parameter controlled via a scenario

Reference value *

1
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Physics
Create the coil conductor: Physics - Electric components-> Stranded coil conductor > New

Value: “Current”
7 121591 wogners S 55 &vrerui - .

Project  Application ~ Geometry Mesh Parameter/Quantity  Solving Display  View Select Tools Extensions Help £
PR Y e e @i o o oy 2 2 7] 5] 28 @ | % 52 & % 5| ) w

»
e “ﬁ:Enud\(tity : jhic —o
=] General data sla, Symmetry LT A #H@Eﬂﬁ‘l%’_x’ s [AEa R 4 &)~ = @‘%h’?h- Q/IER‘OWM%'@'@‘

& Domain options |

(= Geometry
=[5 Domain B Matertal N
b o Infinite Bax
* InfinteBoxCube eine EIME Material »
i Periadicity 3 Point region »
 Symmetry < Line region »
Domain options e ,
£ (5 Geometric tooks EEE
w8 Geameticparameter | [ olume region >
, Coordinate system +& Magnetic dircuit cut 4
H e
4 Transformation ) Electric terminal »
(=[5 Geometric entities

o Point 4 Non meshed coil

. Line & Source magnetic Field »
a Face
Volume £ Mecharical set
4} Geometric defects
(& Mesh
. oy #i) edir ke
£ [ Meshing tools Assign regions ta geometric entitiss »
N Edit Crl-F
b Mesh point 5 agsign coll canductar components ta regions » o e, .
.- AIDED_MESHPOINT *fj) Delets Supprimer
o PR
\LARGE Qrierk wires of coil conductor regions » *P Foree
a5
++~MEDIUM " pissign terminals to solid conductors. 3 ) ez i
*-SMALL
e Meshine Ty ——— vy Assign col conductor components ko volume regions
- ~AIDED _MESHLINE 1% Delete Arrows
4 Mesh generator
3 Relaxation % Check physics 2P
(22 Shadow
(=[5 Mesh entities
g Face element z
& Volume element X
B o Mesh defects
[ 3 Mesh visualization
(3 Physics
2 Darameter (wiantity
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Physics

Create volume regions: Physics - Volume region - New

© Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.

Name Type Material Turn Component Symmetries Apparence
number
AIR Air or vacuum region - - - - White
COIL Coil conductor - 100 COILCONDUCTOR in series Cyan
1
MOBILE Coil conductor FLU_1010_XC1 - - - Magenta
0_RO
INFINITE Air or vacuum region - - - - White
SUPPORT Magnetic non-conducting FLU_1010_XcC1 - - - Cyan
region 0_RO
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Physics

Assign regions to geometric entities: Physics - Assign Regions to geometric entities—> Assign regions
to volume (Completion)

Infinite
Air Mobile
Coil
Support

24 2\ ALTAIR




Physics

© Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.

Assign terminals to the coil: Physics - Orient wires of coil conductor regions—>Completion mode

Select external terminals > Face 99

Check the physics

& Flux3D 12.1 SP1 - Mag)

Parameter/Quantity  Sobving  Display

Project  Application  Geometry Mesh

® 2 |

(& Geometry
(& Domain
B e Infinite Box
“-InfiniteBoxCube
- ot Periodicity
[ gy Symmetry
Damain aptions
(& Geometric todls
d, Geometric parameter
, Coordinate system
. Transformation
(& Geometric entities
o Point
o~ Line
a Face
B g Volume
L Geometric defects
(G Mesh
[ Meshing tools
B Mesh point
- ~AIDED_MESHPOINT
--LARGE
MEDIUM
L-SMALL
E- g Meshine
--ATDED_MESHLINE

oo Infinite box
it Periodicity
s Symmetry
(& Damain ptions

ot b % P % R | 2w

by Material
e EIME Matetial

o Poirt region

= Uine region

A Face region

1§ volume region

+& Magnstic circuit cut
F3 Electric terminal

& Man raeshed col
@ Source magnetic fisld

£ Mechanical set

T Electrical components

' Assign regions to geomelric entities
u

&

Assign coll conductor components ta regions

“ Orient wires of col conductor regions

5

Assign terminals o solid canductors

@ Display arrows on magnet
% Delete Arrows

~ Mesh generator
3 Relaxation

3 Shadow

(& Mesh entities

o & Nnde

25
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Solving
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Create the solving scenario: Solving = Solving scenario>New

& Editer Scénario de résolution[SCENARIO_1]

s

Nom du scénario de résolution * [ SCENARIO_1

| Commentaire associé

Etat du scénario:  « Scénario entiérement traité
Résolution adaptative: ||

Pilotage des paramétre;\

Calcul distribué

Paramétres pilotés

Nom du paramétre | Valeur de référence
A MOVE

Paramétres
Géométrique \ Physique \
1.0

Nom du paramétre
& CURRENT

Synthese

Multi-valeurs : [3.0.9.0
Multi-valeurs : [1.0,5.0]

Value of current: From 3A to 9A
with a step value of 3A

r Pilotage du paramétre : CURRENT (Valeur de référence : 1.0)

Type du piotage ‘r—luti—-.-‘a\eurs

Pilotage du paramétre \ Liste des valeurs résultantes |

Définition de l'intervalle

Bomesupérewe (|
Méthode de variation |Valeur du pas -
Valeur du pas

Borne inférieure

—

Table des intervalles

Méthode | Valeurs |

Valeur du

‘ Borne inf ‘ Borne supl
.0 9.0

3.0

Effacer le dernier intervalle

Value of move: from 1 to 5 with a
step value of 3

OK

H Appliquer H Annuler m‘ ® ‘

[

Solve the project: Solving = Solve = 1In a new project: Actuator_solved
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Post processing s 1

LB54E3
L435E3
L2Z24E3
.00SE3
LTH4E3
LST5E3
.3E5E3
.150E3
L835E3
LTZ0E3
.A05E3
LZ50E3
.075E3
§55.818
£44. 864
425.8089
214.855
0.000

Display the magnetic field arrows:
Graphic = Arrows spatial Group - New

[ el S e O TR O R O G T VR U SV %)

Select H on support

Magmetic field / Vector in A/m
=
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Post processing

Display the magnetic field arrows :
Graphic - Isovalues - New

Select B on “No vaccum”

Magnetic flux density / Vector in T

— - - - - - -

g4Z

368

\a
= n

ISOEAQ_I

.554
L4683
L3772
.281
. 189
.08
.0o7
g15.
624.
733.
.438E-3
351.
460.
.905E-3
277.
18¢E.
.3B1E-3
.205E-3

SEEE-3
T90E-3
614E-3

2ZBLlE-3
085E-3

T3I3E-3
557E-3
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Post processing MAGNETIC_FORCE

Create a 3D curve : Curve = 3D curve
2 1/0 parameters - New

1405

1285

Select the Y component of the
magnetic force on the mobile part

1.125

985 346E-3

845 590E-3

Magnefic forca / v companant [V_MOBILE] (N) 705833E-3
566 076E-3

426 319E-3

286 562E-3

146 BOGE-3
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Post processing

Extract forces data table:

o Create a force sensor: Advanced = Sensor > New

o Create an I/O parameter to extract just the Y component of the force on the mobile part:
Advanced - Parameter I/O > New

o Export the data table: Data exchange - Export quantity - Export a data table

< Newsensor =5 | | &= Edit Physical parameter[VARIATIONPARAME... [steam] & Export a data table =

Name of the sensor

|Force ] P *
Comment ﬁ(ame il Ptnyi'cal Dara{me?r | Data to export (output parameters) |£|
| ‘ ~COMPONAM_J’_Mmagnetc_oree Y_COMPONANT OF MAGNETIC FORCE =]
Comment
=1 [ |
D) Definition ', Property '
~| r Type of Physical parameter
imelregons D ‘ Parameter defined by a formula v|
MOBILE | Expression *  Export format
|Comp(2‘FDRCESb ” f()\ |.CSVﬂIe format v|
Filename *
|I'v1agnelic_force_data_table ” ‘|
rInput parameters
X choice | Parameter name Current value | Limit min | Limit max
MOVE 1.0 5.0
CURRENT 3.0 9.0

[@] ok ][ cance I ® | |
2\ ALTAIR
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Post processing

Extract forces data table:

o We obtain the forces data table on a csv file as output:

MOWVE
0.1000000000000000E+01
0.3000000000000000E+01
0.5000000000000000E+01
0.1000000000000000E+01
0.3000000000000000E+01
0.5000000000000000E+01
0.1000000000000000E+01
0.3000000000000000E+01
0.5000000000000000E+01

CURRENT
0.3000000000000000E+01
0.3000000000000000E+01
0.3000000000000000E+01
0.6000000000000000E+01
0.6000000000000000E+01
0.6000000000000000E+01
0.9000000000000000E+01
0.9000000000000000E+01
0.9000000000000000E+01

Y COMPONANT OF MAGNETIC_FORCE

0.1817637071137207E+00
0.5035884740582516E-01
0.6972915523876870E-02
0.6956145766925051E+00
0.1968421347305795E+00
0.2801183162208053E-01
0.1424938790903286E+01
0.4235336088209888E+00
0.6400859106696966E-01
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