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GENERAL PRESENTATION OUTLINE

‘ Part 1. Geometry and mesh

‘ Part 2: Brush angle analysis

‘ Part 3: Back EMF analysis

‘ Part 4. Constant speed analysis

‘ Part 5: Conclusion
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GEOMETRY AND MESH

* Flux 2D project: initiation

* Create a new Flux 2D project

Altair Flux™ “ —
1 Open Flux supervisor
Select the [2D] open prjact
2 . . Open example
simulation context Opan aimplo
3 Click on [New project] |-

Batch solve

Select the working
path : “~/DC_Motor”

Click on
[Start a new project]

Start a new project

Bi7 options  =f- 'h:‘@ < UnitManager  #Skin depth 9

st N svaona puse i
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GEOMETRY AND MESH

* Flux 2D project: initiation
* Close the Sketcher 2D Context

Click on the icon jﬁ[ to
1 close the Skecher 2D 1
Context
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GEOMETRY AND MESH

* Flux 2D project: create geometry

- Application  Geometry Mesh Physics Display View Select Tools Extensions  Help

* Load Overlay

Click on [Project] —
1 [Overlays] — [Load a
certified overlay]

Select the Overlay
“Permanent_MagnetDC
_MotorV2.PFO” in the
folder “Flux2D”

3 Click on [Open]
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D Mew

) Open projeck ...
! Close

Recent projects

Chl-M
Chrl-cr

2 |

%o

| &2 e kx4 K e

—_| |Graphic

H Save
ﬂ Save as...

Crl-5

< Command File

Macra

e e B

d Impart

k_f Expart

3 Print

Load a certified overlay

Load a user overlay
Unload

Run

2R Exit

Alt-F4

% Choose the overlay to load

X

Look In: |EI Flux2D

=] o] (22l [ (B &=

2
Y Brushless_Permanent_Magnet_Motors_Y11.1.PFO

3
"t ‘S Brushless_Permanent_Magnet_Outer_Rotor_Motors_V11.1.PFO
it

N
s,
i S Induction_Motors_Outer_Rotor_V11. 1LPFO

.

‘Q‘S Induction_Motors_V11, LPFQ

s'-'. Permanent_Magnet DC

;)
"t ‘S Switched_Reluctance_Motors.PFO

compatisiy: SPEEDPL-DCM 3.5

File Name: |PErmanent_Magnet_DC_Motcrs_VZ.PFO

Files of Type: |User overlays

=
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GEOMETRY AND MESH

* Flux 2D project: create geometry

* Run Overlay

| — | |araphic
dle aRn @ e @@e [Ty 2B bbb b by b e

Right click on the T — 3
1 loaded overlay and e
click on [New] s

s

il
| ry
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GEOMETRY AND MESH

* Flux 2D project: create geometry

* Run Overlay % New Motor DCM X

Name *

[MatorDC_1 | DCM motor
Rotor\ Stator ', Airgap ', Winding Parameter meshFactor

Length unit * Mesh density (value between 0 and 1)

Set values for the motor [Milimeter = \

parameters Frame diameter (DFrame) *

[B8.1 |

Mesh factor *

CE] |
Infinite box
Infinite box
Inner radius (in % of DFrame) =
[110.0 |
Outer radius (in % of DFrame) *

[140.0 |

meshFactor = 0.0

)
O

8
G o ] ome [ pee ]| J\ ALTAIR




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

GEOMETRY AND MESH

* Flux 2D project: create geometry <& New Moter DCM

Mame *
| [MotorDCH_1 | DCM motor - Rotor
° Run Over ay 2 New Motor DCM Genergumatgr\mrgap\Winding\ Parameter Nslot
= New Motor rator Number of slots
Mame *
Slots | G |
|M0t0rDCI‘¢1_‘I ‘ Rul:lr d\ar::t:rriDarm)* Nslot =12
slot =
GeneralStator\mrgap\Wmdmg\ |52 |
Set values for the motor rolor Shatt dismeter (DSh) * ¢
1 General ', [14 |
parameters [Rounded ~| Slot number (Nslot)

Tooth width (Tw) * [12 |
|3.5 | Rotor shift angle (AShift) *
Slot depth (SD) * [0.0 |
[15575 |
Slot opening (SO} * =
s | ("1)
Depth of slot opening (TGD) * N
[1.425 | N7
Slot opening angle (TGAng) *
[15 |

| ok || cancel ||| Pictue ||

J\ ALTAIR

| ok || cancd ||| Pictue ||
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GEOMETRY AND MESH

* Flux 2D project: create geometry

« Run Overlay et

% New Motor DCM Name *

[MatorDCm_1 | DCM motor
MName *
=2 New Motor DCM [motorDm_1 General ', Rotor ', Stator ', Airg ap ‘Winding - coils position
Winding
Name * General\Rotor\Stalor- winding ', i
[MatorDCm_1 excentricity Wi superimposed
_ Coils position in slot*
1 Set Va|UES fOI’ the mOtOI‘ General\Rmorrgap\Wmding wm [adjzcent el
stator periodicity * Throw *
parameters ‘F‘HS\de |”° ‘3

Arc of magnet (BetaM) * Rotating airgap number (bdr) *

2 CIICk on [OK] [143.48 [two_layers_airgap

e

Frame width (WFrame) *
[3.05

Magnet length (Lm) *
[44

Pole number (Mpole) *
(4

| Ok H Cancel m‘ Picture | ‘ L J |
I OK || Cancel m| Picture ‘ | | | ‘
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GEOMETRY AND MESH

* Flux 2D project: create geometry

* Run Overlay
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LR Rl BTl

Data Tree = | |Graphic il B4

- Cmas dle Q@@ [Fay L H N E bbb bt

Click on the icon "¢ to ,
1 close the Overlay
Context
I d

Output & ol
PyFlux Command

[

11
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GEOMETRY AND MESH

* Flux 2D project: create mesh

12

Mesh domain

Click on [Mesh] —
[Mesh domain]

Project  Application  Geometry

Physics Display  View

Select  Tools

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

Extensions  Help

B EE g|E%AidedMesh

G’ Mesh options

»
»

R

Data Tree ‘Graphic
= |Genera| data §€ Skin depth computation @ @\ E;:H
(3 Geometry
£3 Mesh » Mesh point 3
3 Physics & Mesh ling 3
{3 solver = Mesh generator »
(23 Post processing .
Relaxation 4
(3 Tools <
(3 Extensions »

Surface elements

”@ Assign mesh information
& Clean all mesh infarmation
2% Structure mesh

=gy Mesh elements
< Mesh defect

=& Delete meshing
@ Check mesh

Alt-t

HNumber of elements not evaluated
Number of excellent fuality slements
Number of good quality elements

Number of average gquality elements

Number of poor quality elements
meshDomain executed

oo ww o

o

L
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GEOMETRY AND MESH

* Flux 2D project: create mesh

* Mesh domain
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GEOMETRY AND MESH

* Flux 2D project: complete geometry and mesh

* Unload Overlay

Right click on the Data
Tree [Extensions] —
[User overlays] —
[PERMANENT_MAGN
ET_DC_MOTORS V2],
and click on [Unload]

14

Dafta Tree

E}| General data

-3 Geometry
B-C3 Mesh

-3 Physics

-3 Solver

CI Post processing
I':I Tools

#8 Edit chlE

.@ Edit array Chrl-F

Load a certified averlay
Load a user averlay

Run

% Display PyFlue command
@ Find usages

©B HML export

1':'3 Python export
1':'3 TxT expork

1':'3 Excel export

B Copy to diphoard

© Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.
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GEOMETRY AND MESH
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* Flux 2D project: complete geometry and mesh

« Save project

3

Click on [Project] —
[Save as]

Define the project name
“DC_Motor_1_GeoMesh”

Click on [Save]
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- Application  Geometry Mesh Physics Display  View Select Tools Extensions Help

B new Chrlh

2 ™

%t TR A e LR W v K e

a Open project ... GO

|; G’ﬂpl‘ﬂ:
B close = @ . Q:” [
Recent projects ] o
bt Chrl-S
%—rl > ';; Choose the new name of the project »
saveln: |(J Flux2D ~ 4| [BE
P Command file ¥ b = | @
 Macro ]
©B overlay )
1 Impart ¥
I;f| Export »
G Print )
3 Exit Alt-F4
I\
File Mame: |DC7Mobor717GeoMash ' ‘ |
L | y i

Files of Type: |FquZ‘D Project directories =

d
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BRUSH ANGLE ANALYSIS

* Why brush angle determination?

* One difficulty with collector is the way to set the brush angles

17

We propose to run a specific computation at constant speed (close to the working speed)
With no stator, and no magnet ( they are defined as air or vacuum region )
With a specific variable for initial brush angle

The goal is to display the animation of flux density line and to check where they are compared to
the stator flux density

According to theory, the rotor flux density should be in quadrature with stator flux density in
order to get the maximum torque available

/\ ALTAIR



BRUSH ANGLE ANALYSIS
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* Flux 2D project: initiation

« Save project

3

Click on [Project] —
[Save as]

Define the project name

“DC_Motor_2_BrushAngle”

Click on [Save]
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- Application  Geometry Mesh Physics Display  View Select Tools Extensions Help

B new Chrlh

2 ™

%t TR A e LR W v K e

B Open project ... GO

—_|| |Graphic
B Close - @ - Q;” [
Recent projects ] o
H Save Chrl-S =
WD * Choose the new name of the project x
; |C3 A = 4| [BE
P Command file ¥ saveln 2D | @
2 Macro » % DC_Motar_1_GecMesh.FLU
©B overlay )
1 Impart ¥
I;f| Export ]
(3 Print »
3 Exit Alt-F4
7~
File Mame: |DCfMoborfzjrushAng\e‘FLU ( ’ |
A N y i

Files of Type: |Fqu2‘D Project directaries h—d
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BRUSH ANGLE ANALYSIS

* Flux 2D project: define physics

« Define physics application

Mesh  Physics

Display

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

View Select Tools

Magnetic (% % Magneto Static 20 ;H ?g ’Ll
Click on [Application] — Electric b |%  Steady Stabe AC Magnetic 2D
1 [Deﬁne] - [MagnetiC] — -/ General data Thermmal (M Transient Magnet
[Transient Magnetic 2D] (3 Geometry UITENER
3 Mesh
A 8 3 Physics
5 Define the phys_lcs £3 solver
parameter setting 3 Post processing
#-(3 Tools
3 Click on [OK] [-(3 Extensions
I Define Transient Magnetic 20 application X I Define Transient Magnetic 20 application X

% Define Transient Magnetic 2D application

2 Coils Coefficient | Transient initialization ',

19

2D domain type

Definitior * Coils Coefficient ransientiniﬁalizaton\

rSymmetry& Periodicity == Coefficient for coils flux computation

20 plane ~|
Length Unit *
[MILLIMETER
Depth ofthe domain *
|44 [0l

Automatic coeflicient (Symmetry & Periodicity taken into account) «|

Definition \Coils Coefficien; ' Transient initialization

Type of initialization

Initialized by static computation

~|

|

o [ @ |

| (B

®
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BRUSH ANGLE ANALYSIS

* Flux 2D project: define physics

20

Create materials

Click on [Physics] —
[Material] — [New]

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

Project  Application  Geometry  Mesh Parameter/Quantity  Solving Display View Select Tools Extensions  Help

J ™ I | g ] o Infinite box ' g L, lL/ L}lﬂ o @?H ?kﬂ EOH &H \

Data Tree e Periodicity )

| General data sla Symmetry » P = ‘ : !
| 5[] Geometry ) Domain optians v H C. B *H & B G o» |7 IT '

(23 Mesh

23 Physics

[C3 Parameter/Quantity
(3 Solver

[ Post processing

(3 Tools

(3 Extensions

% Electrical components

Iﬂ] Circuit;

o Point region

i Line region 3
A Face region 3
03 Mechanical set ]

- -

e Assign regions ko geometric entities

u Assign coil conductor components to regions

- -

A Edit cirl-E
L.?e' Edit array Crl-F
X0 Delete Supprimer
;c,:!qul Force delste Maj-Supprimer

E—m’ Import from material manager
28 Tnport material DAT

a&' Crient material for Face region
w Mew B{H) 2D curve (Material)

ui Assign solid conductors companents ko regions »
(@ Display arrows on magnet

% Delete Arrows

#  Load and run physics macra 3

‘@ Check physics
“E Check circuit

Alt-p
Alt-2

/\ ALTAIR



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

BRUSH ANGLE ANALYSIS

* Flux 2D project: define physics

 Create material: MAGNET | seve
e “‘i‘ ) | Magnetic property
Permanent magnet

comment  N\o=/
| unidirectional magnetization
linear approximation

. (E)\D(E)\K{T)\RCF‘(T)\\Mass density ', Iron losses ',
Create the matel’la| rMagnetic property
" relative permeability of material

WMagnetic property

1 “ 1]
MAGNET ‘Lmearmagnet described by the Br module

Remanent flux density (T) *
07 [
B[T]

Relative =
[122 |l “/

Ho= 41110’7Hr‘rn permeability of vacuum

Picture

I I =
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BRUSH ANGLE ANALYSIS

* Flux 2D project: define physics

22

* Create material: MU_LIN

1 Create the material
“MU_LIN”

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

%5 New Material

Name of the m:
MU_LIN 1 )]

Comment v

(E)\ D(E)', K(T) ', RCP(T) ' Mass density ', Iron losses ',

r Magnetic property
WMagnetic property

\Lmearismmp\c

Relative permeability *
5000]

[10]

Magnetic property
isotropic soft magnetic material
linear approximation

", relative permeability of material

b= 41110’71{-"111 permeability of vacuum

B[T]

0 ' = [A/m]

Picture

I I =
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BRUSH ANGLE ANALYSIS

* Flux 2D project: define physics

23

* Create mechanical sets

Click on [Physics] —
[Material] — [New]

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

Project Applicaton Geometry Mesh Parameter/Quantity  Solving Display View Select Tools Extensions Help
BR° = g| 5 || eo Infinite bax B IEEENE RN
Data Trea i Periodidity »
Symmektry » =

=+-| General data sh e H . EH #H & & e

3 Geometry @ Domain options »

23 Mesh I

£2 Physics cufs Matetial »

23 ParameterjQuantity o Faint region »

3 solver . Line region »

(23 Post processing A Face region »

2 Tools
3 Extensions

£F Mechanical set » | new
"B Electrical components » ,&, Edit Chl-E
[ Cireuit » | Edtaray vl
e Assign reqgions to geametric entities » X? Brtio Supprimer
wi Assign coil conductor components to regions » )S:" FuiedslEe (snmine
%7 Assign solid conductors components to regions »

@ Display arrows on magnet
% Delete Arrows

' Load and run physics macro

‘(@ Check physics
YL Check drcuit

Al-P
ak-C
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BRUSH ANGLE ANALYSIS

* Flux 2D project: define physics
* Mechanical set: STATOR

i New Mechanical set

Create the mechanical
set STATOR

1

24
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* Flux 2D project: define physics

Mechanical set: ROTOR

% New Mechanical set \J—)
Mechanical set name *

|ROTOR |
Comment

1 Create the mechanical
set ROTOR

r Type of mechanical set

| Rotation around one axis ~|
mematlrs \

r Rotation Axis

|[Rotation around one axis parallel to Oz v|‘
Coordinate system *

vt -]

Pivot paint Formula or Value

First coordinate 0
Second coordinate 0

W o« J[ e J[ @

J\ ALTAIR
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BRUSH ANGLE ANALYSIS

* Flux 2D project: define physics
* Mechanical set: ROTOR R Tv—— x

£ New Mechanical set X i New Mechanical set X

2\ ALTAIR




BRUSH ANGLE ANALYSIS

* Flux 2D project: define physics

* Load Macro

Click on [Project] —
[Macro] — [Load]
Select the macro

2 “Circuit_Collector_2D.PFM”

in the folder
“Macros_Flux_Circuit”

3 Click on [Open]

- Application  Geometry Mesh Physice  Parameter/Quantity  Solving  Display  View

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

Select Tools Extensions  Help

D Mew

! Close

Recent projects

lﬂ Save
lﬂ Save as...

 Command file

'-:3 Civerlay

o Import
E Export
o Print

T Exit

B Open project ..

A A

Chel-0

- = bl E|"‘é= T ke e R, | K g
L=

s

Load

] Run

N Unload
Updat:

> pdate

»

P oo Do @ & & 8%

% Choose the macro to load

X

LookIn: |1 Macros

= (=2l [

% Choose the macro to load

LookIn: |1 Macros_Plux_Cireit

= (=2l [

23 Macros_ChangeMaterial

(3 Macros_FieldLine

23 Macros_Flux2D_Mesh

(23 Macros_Flux2D_Physics

(23 Macros_Flux2D_Postproc

(3 Macros_Flux3D_Geometry
(3 Macros_Flux3D_Mesh

(3 Macros_Flux3D_Physics
(2 Macros_Flux3D_Postproc
(23 Macros_FluxMotor

(23 Macros_FIUxPEEC_Geometry

(3 Macros_FIuxPEEC_Icepak
(3 Macros_FluxPEEC_Miscela
(3 Macros_FIuxPEEC_Physics
(3 Macros_FIuxPEEC_PostPr
(23 Macros_FluxSkewed_Posty

(3 Macros_ImportMaterials

3] Circuit_3_Phases.PFM

44 Circuit_Collector_30.PFM

F; CurrentReguiator PFAM
DampeningStartingCurrent.PFM

File Name: | Macros_Flux_Gircuit

27

Files of Type: |FLUX macro directories.

File Name: | Circuit_Collector_2D.PFM

Files of Type: |FLUX macro directories.
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BRUSH ANGLE ANALYSIS

* Flux 2D project: define physics

* Run Macro

Right click on the Data
Tree [Extensions] —
1 [Macros] —
[CIRCUIT_COLLECTO
R_2D], click on [Run]

Set the macro
parameters

3 Click on [OK]

28

Data Tree

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

= Circuit_Collector_2D

@

Id for parameters and components™ *

[co_

Mumber of slots (NSlot)™ *

[12

Mumber of coils per slot (Mcslot, accepted values 1 or 2)™ =

E| General data

[2

-2 Geometry

-3 Parameter (Quantity
-3 Solver

-2 Post processing
-1 Todls

E}-[& Extensions

1 Macros

I
Ued # Edit
j Edit array

Chrl-E
Chrl-F

Unload
Update

|

Display PyFlux command

Find usages

AML expork
Python expark
TAT expart

Excel expart

A

Copy to clipboard

Throw (ignored if Ncslot=1)""*

[2

Commutator pitch (bar nb between go and return coil) (comPitch)™ *

[1

Mumber of brushes (NBrush)™ *

[4

Value of valtage supply (DCVoltage) [Vaolf]™ *

[115

Resistance in serie with voltage supply (Resistance) [Ohm]™ *

[1.0E-6

Inductance in serie with voltage supply (Inductance) [Henry]™ *

[17E-8

Resistance of each coil (RCoil) [Ohm]™ *

[0.012

Angular opening of brush (TetaBrush) [degree]™ *

|29

Angular opening of bars (TetaBar) [degree]™ *

[20.69

On state resistance between brush and bar (RonBarBrush) [Ohm]™ *

[1.0E-4

Initial position first coil versus first brush (Tetalni) [degree] *

[0.0

| oK
P~

| e || ©

)
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BRUSH ANGLE ANALYSIS

* Flux 2D project: define physics

 Verify circuit

Click on [Physics] —
1 [Circuit] — [Circuit editor
context]

29

Project  Application  Geometry Mesh Parameter/Quantity  Solving Display View Select Tools Extensions Help
B2 - &= g| ) || ao Infinite box N A
Data Tree s Periodicity »
Symmetry 3 _
| General data sl A 2,
71-C3 Geometry & Domain options 2 ’H L. H *H & & & o
(3 Mesh a X
21 Physics ufs Material 2
(23 Parameter/Quantity o Point region 4
(3 Solver 2 Line region 4
(3 Past processing A Face region J
(3 Tools
[=h-(z= Extensions 3 Mechanical set »
£ Macros ‘E Electrical components

-~ CIRCUTT_COLLECTOR 20
B E User overlays

Circuit

Circuit ed

e Assign regions ko geometric entities

» @ Expart circuit ko a xcit file

« Export circuit ko a PyFlu file

% Delete electrical drcutt

“E Check circuit

ul Assign coil conductor components to regions »

ull Assign solid conductors components to regions »

@ Display arrows on magnet

,."@ Delete Arrows

#  Load and run physics macro »

42 Check physics All-P
Al-C

Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.
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BRUSH ANGLE ANALYSIS

* Flux 2D project: define physics

View Select Toos Hep
-
Data

 Verify circuit

Click on the icon "¢ to
1 close the circuit editor
context

30
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L Graphic

[Data [ |
Bie=Tm g 3w B s s k2| b) b b by b b b) b bt b b
® O3 ALC components
O vohmeiersent s (T = T N T N T T -
2 FE couping companents _5n0- 500
=
3 Rotating machine components.
@ Easmerin )
A wound £ 450
400 400
350 350
-300; 300
-260; 250
20 0
1 150
0 100
80 50
L] o
50 S0
R A R N T A A R R T R A A T S > MR M = |
lymhwmw |
Companents ' Potentials |
(Type = [tiame [ | [eraphic stote | — |
§ o " Defined W Corvected W Vad W C0_EQUIPOT_BRUSHGROUP_1 -
v co.rquror s,y
4 comusersenT 10 W Defned. W Gorrected W vad W CO_EQUIPOT_BRUSHGROUP_3
V- co rauror srares 50
4 CO_BRUSSEGMENT 1L W Defred W Corrected W Ve W 00_EQUIPOT_BRUSHGROUP_1
W' CO_EQUIFOT_BRUSHES
4 oo sussesent_12 W Defned W Cormected. W vdd W' 0O_EQUIPOT_BRUSHGROUP 1
W CO_EQUIPOT_BRUSHES_IND
4 comusssenT_3 W Defined W Corrected W vad W CO_EQUIPOT_BRUSHGROUP_4
W £0_EQUIPOT_BRUSHES Y =]
]
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BRUSH ANGLE ANALYSIS
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* Flux 2D project: define phySICS % Edit Face region[MAGNET_T,MAGNET_2, MAGNET_3,MAGNET_4] x
o F . d f t Entities |I'\"Iodify all MAGMNET_1 MAGNET_2 MAGMET_3 MAGMET_4
ace region definition = @ Face regon
e Mame * MAGNET _1 MAGMET _2 MAGNET_3 MAGNET _4
G Comment Initial values MAGMET POLE1 |MAGMET POLE2 |MAGNET POLE3 |MAGNET POLE4
. ) = ﬂ Transientmagnet *
MOdIfy the fO”OWIng = @ Sub types Initial values Air or vacuum r... | Air or vacuum r... [Air or vacuum r... | Air or vacudmr...
1 face reglons G Air or vacuum region Air or vacuum r... | Air or vacuum r... | Air or vacuum ... | Air or vacuumr...
= MagnetS {3 Color Initial values Red Green Red Green
- Rotor / Stator ﬂ Visibility * Initial values VISIBLE VISIBLE VISIBLE VISIBLE
STATOR STATOR. STATOR STATOR STATOR.
ok || ey || cnd || @ |
Entities Modify all ROTOR SHAFT STATOR.
=] e Face region
e Mame * ROTOR SHAFT STATOR
e Comment Initial values ROTOR SHAFT STATOR
= e Transientmagnet *
= @ Sub types Initial values Magnetic non conducti... |Magnetic non conducti... | Air or vacuum region
e Air or vacuum region Air or vacuum region
=] e Magnetic non conducting region Magnetic non conducti... | Magnetic non conducti...
e Material * Initial values MU_LIN MU_LIN
e Color Initial values Blue Wellow Blue
0 Vigibility * Initial values VISIBLE VISIBLE VISIBLE
31 e Mechanical set Initial values ROTOR ROTOR STATOR
; ALTAIR
[ o J[ mev [[ e [[[ @ | |




BRUSH ANGLE ANALYSIS

* Flux 2D project: define physics

32

Modify the following
face regions

* Face region definition: Air

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

'-'.;B Edit Face region[INFINITE,ROTATING_AIRGAP,ROTOR_AIR, STATOR_AIR, WEDGE] *
Entities |Modify all INFINITE ROTATING_AIRGAP |ROTCR_AIR STATOR_AIR WEDGE
(=l {5 Face region
e Name * INFINITE ROTATING_AIRGAP |ROTOR_AIR STATOR_AIR WEDGE
0 Comment Initial values Infinite region ROTATING AIRGAF |ROTCR_AIR STATOR_AIR WEDGE
= e Transientmagnet *
= @ Sub types Air or vacuum region | Air or vacuum region | Inactive region Air or wacuum region | Air or Yacuum region
e Air or vacuum region Air or vacuum region | Air or vacuum region Air or wacuum region | Air or vacuum region
{ Inactive region Inactive region
e Colar Initial values Turguoise Yellow White White White
e Visibility = Initial values WVISIELE VISIELE VISIELE VISIELE VISIELE
Mechanical set STATCOR ROTOR STATOR ROTCOR

B

[ ooy
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BRUSH ANGLE ANALYSIS

* Flux 2D project: define physics

* Face region definition: Phase

0]

Entities Modify all PHASE_MEG_1  |PHASE_NEG_2  PHASENEG_3  |PHASE_NEG_4  |PHASENEG_5  |PHASE_NEG_6
Modify the following = @ Faceregon
1 . e MName * PHASE_NEG_1 PHASE_NEG_2 PHASE_MEG_3 PHASE_MEG_4 PHASE_MEG_S PHASE_MNEG_6
face reglons e Comment Initial values PHASE NEG PHASE NEG PHASE NEG PHASE NEG PHASE NEG PHASE NEG
= e Transientmagnet *
= @ Sub types Initial values Coil conductor re... | Coil conductor re... | Coil conductor re... | Coil conductor re... | Coil conductor re... | Coil conductor re...
= e Coil conductor region Coil conductor re... | Coil conductor re...|Coil conductor re... | Coil conductor re... | Coil conductor re... | Coil conductor re...
= G conductor =
e Component * Initial values CO_COIL_1M CO_COIL_2N CO_COIL_3M CO_COIL_4M CO_COIL_5M CO_COIL_&M
G Turn number * Initial values 7 7 7 7 7 7
= e Series or parallel *
= @ Sub types Initial values All the symmetric... | All the symmetric...|All the symmetric... | Al the symmetric... | All the symmetric... | All the symmetric...
G All the symmetrical All the symmetric... | All the symmetric... | All the symmetric... | Al the symmetric... | All the symmetric... | All the symmetric...
= e Compute coil losses Initial values
e Conductor material =  Initial values MAGNET MAGNET MAGMET MAGMNET MAGNET MAGMET
@ Sub types Initial values
= @ Sub types Initial values Positive orientati... | Positive orientati... |Positive orientati... | Positive orientati... | Positive orientati... | Positive orientati...
e Positive orientation for Positive orientati... | Positive orientati... |Positive orientati... | Positive orientati... | Positive orientati... | Positive orientati...
e Color Initial values COIL_MNEG_1 COIL_MEG_2 COIL_MNEG_3 COIL_MEG_4 COIL_MEG_5 COIL_MNEG_&
e Visibility = Initial values VISIBLE VISIBLE VISIBLE VISIBLE VISIBLE VISIBLE
& Mechanical set Initial values ROTOR. ROTOR. ROTOR ROTCR ROTOR ROTOR
ok N[ mey || o= ]| ® |
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* Flux 2D project: define physics

34

* Face region definition: Phase

Modify the following
face regions

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

s Edit Face region[PHASE_MNEG_7,PHASE_NEG_8,PHASE_NEG_9,PHASE_NEG_10,PHASE_NEG_11,PHASE_NEG_12] >
Entities ‘ Modify all PHASE_MEG_7 PHASE_MEG_8 PHASE_NEG_9 PHASE_MNEG_10 PHASE_NEG_11 PHASE_MEG_12
= e Face region
G Name * PHASE_NEG_7 PHASE_MEG_& PHASE_MEG_9 PHASE_NEG_10 PHASE_MEG_11 PHASE_NEG_12
e Comment Initial values PHASE NEG PHASE NEG PHASE NEG PHASE MEG PHASE MEG PHASE MEG

=l @ Transientmagnet *

=] @ Sub types Coil conductor reg...

Coil conducter reg. ..

Coil conductor reg...

Coil conductor reg...

Coil conductor reg...

Coil conductor region

Coil conductor reg...

= e Coil conductor region

Coil conductor reg...

Coil conductor reg...

Coil conductor reg...

Coil conductor reg...

Cail conductor region

Coil conductor reg...

{3 material

=] G conductar *

e Component CO_COIL_7N CO_COIL_8N CO_COIL_5N CO_COIL_10N CO_COIL_11N CO_COIL_12N
e Turn number * 7 7 7 7 7 7 7
e Fill factor (0 <Cf < 1) false false false false false falze false
= e Series or parallel *
=] 0 Sub types Al the symmetrica...| All the symmetrica...| All the symmetrica...| All the symmetrica...| All the symmetrica...| All the symmetrical. . | All the symmetrica...
G All the symmetrical a All the symmetrica. ..| All the symmetrica...| All the symmetrica...| All the symmetrica...| All the symmetrical. .| All the symmetrica...
= @ Sub types Pasitive orientatio... | Positive orientatio. .. |Positive orientatio... | Positive orientatio. .. | Positive orientatio. .. | Positive orientatio... |Positive orientatio. ..
e Positive orientation for Positive orientatio. .. | Positive orientatio... | Positive orientatio. .. | Positive crientatio. .. | Positive orientatio... |Positive orientatio...
e Color Initial values COLL_NEG_7 COIL_MEG_8 COIL_NEG_9 COIL_MEG_10 COIL_MEG_11 COIL_NEG_12
e Visibility * Initial values VISIBLE VISIBLE VISIELE VISIBLE WISIBLE WISIBLE
ROTOR ROTOR ROTOR ROTOR ROTOR. ROTOR ROTOR.

[ o [ we [ ened [ ® |
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* Flux 2D project: define physics

35

* Face region definition: Phase

face regions

Modify the following

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

s Edit Face region[PHASE_POS_1,PHASE_POS_2, PHASE_POS_3,PHASE_POS_4,PHASE_PO5_5,PHASE_POS5_6] X
Entities |MDdiFy all PHASE_POS_1 PHASE_POS_2 PHASE_POS5_3 PHASE_POS_4 PHASE_POS5_35 PHASE_POS_6
= e Face region
G Name * PHASE_POS_1 PHASE_POS_2 PHASE_POS_3 PHASE_POS_4 PHASE_POS_5 PHASE_POS_6
G Comment Initial values PHASE POS PHASE POS PHASE POS PHASE POS PHASE POS PHASE POS
= G Transientmagnet *
= @ Sub types Coil conductor reg...|Coil conductor reg.. | Coil conductor re... | Coil conductor reg.. .| Coil conductor re... |Coil conductor reg...| Coil conductar re...
= e Coil conductor region Coil conductor reg...| Coil conductor re... | Coil conductor reg.. .| Coil conductor re... | Coil conductor reg...| Coil conductor re...
e material
=] e conductor *
e Component CO_COIL_1P CO_COIL_2pP CO_COIL_3P CO_COIL_4P CO_COIL_sP CO_COIL_&P
@ Turn number * 7 7 7 7 7 7 7
e Fill factor {0 <Cf < 1) false false false false false false false
= e Series or parallel *
= @ Sub types All the symmetrica.. Al the symmetrica.. Al the symmetric... | All the symmetrica.. . All the symmetric... |All the symmetrica. .. All the symmetric...
@ All the symmetrical 2 All the symmetrica...| All the symmetric... | All the symmetrica.., All the symmetric... | All the symmetrica. .. All the symmetric...
= @ Sub types Positive orientatio. . .| Positive orientatio. .| Positive orientatio. . | Positive orientatio. .| Positive orientatio. .| Positive orientatio...| Positive orientatio...
e Positive orientation for t Positive orientatio...| Positive orientatio. .| Positive orientatio. .. Positive orientatio. .. Positive orientatio. .. Positive orientatio...
e Color Initial values COIL_POS5_1 COIL_POS_2 COIL_POS_3 COIL_POS_4 COIL_POS_5 COIL_POS_6
e visibility = Initial values VISIBLE VISIBLE VISIBLE VISIBLE VISIBLE VISIBLE
ROTOR ROTOR ROTOR ROTOR ROTOR ROTOR ROTOR
o J| iy || cod || @
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BRUSH ANGLE ANALYSIS

* Flux 2D project: define physics

36

* Face region definition: Phase

Modify the following
face regions

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

¢ Edit Face region[PHASE_POS_7, PHASE_POS_8 PHASE_POS_8 PHASE_POS_10,PHASE_POS_11,PHASE_POS_12] X
Entities ‘ Modify al PHASE_POS_7 PHASE_POS_8 PHASE_PO5_9 PHASE_POS5_10 PHASE_POS_11 PHASE_POS5_12
= {3 Face region
e Name * PHASE_POS_7 PHASE_PO5_3 PHASE_PO5_9 PHASE_POS5_10 PHASE_PO5_11 PHASE_POS5_12
e Comment Initial values PHASE POS PHASE POS PHASE POS PHASE PO35 PHASE POS PHASE POS
= e Transientmagnet *
= @ Sub types Coil conductor re... | Coll conductor re... |Coil conductor re... |Coil conductor reg.. | Coll conductor re... |Coil conductor reg...| Coll conductor re...
= G Coil conductor region Coil conductor re... | Coil conductor re... | Coil conductor reg...| Coil conductor re... |Coil conductor reg...| Coil conductor re...
@ material
Bl @ conductor *
G Component CO_CoIL_7» CO_COIL_8P CO_COIL_%9P CO_COIL_10p CO_COIL_11p CO_COIL_12P
G Turn number = 7 7 7 7 7 7 7
G Fill factor (0 <Cf < 1) false false false false false false false
= G Series or parallel *
= @ Sub types All the symmetric... | Al the symmetric... |All the symmetric... [All the symmetrica...| Al the symmetric... |All the symmetrica. .. All the symmetric...
e All the symmetrical All the symmetric... | All the symmetric... | All the symmetrica...| All the symmetric... |All the symmetrica...| All the symmetric...
El 5 5ub types Positive orientatio.. | Positive orientatio, .| Positive orientatio, .| Positive orientatio. .. Positive orientatio. .| Positive orientatio...| Positive orientatio.. |
e Positive orientation for t Positive orientatio. .. Positive orientatio. .. Positive orientatio...| Positive arientatio. .. Positive orientatio...| Positive orientatio. . |
e Color Initial values COIL_POS_7 COIL_POS_8 COIL_POS_9 COIL_POS_10 COIL_POS_11 COLL_POS_12
G Visibility * Initial values VISIBLE VISIBLE VISIELE VISIBLE VISIBLE VISIBLE
I ROTOR ROTOR ROTOR ROTOR ROTOR ROTOR ROTOR
ok || mov || o | ® |
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BRUSH ANGLE ANALYSIS

* Flux 2D project: define physics

* Modify I/O parameter

Right click on the
Parameter 1/0O
“CO_TEAINI", and edit
the parameter

37
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Data Tree — | |Graphic
= |General data _'I % & E"(:M
+-(] Geometry .

-3 Physics

[ Parameter /Quantity
=gy, Parameter 1j0
-CO_BAR_PER

-~ CO_DCVOLTAGE_WAL
- CO_INDUCT_VAL

-~ CO_NBAR
~CO_MBRUSH
~CO_MNC5LOT
CO_NSLOT

-~ CO_RCOIL
CO_RESIST_VAL

- CO_RONBARBRUSH
- CO_TETABAR

- g Sensor

%2 Deleta
=h+[25- Solver o=

HE Force delste

- CO_TETABRUSH
~CO_TET
-~ CO_THR
Z Spatial ai J# Edit arra cri-F
L 2 v

Supprimer

Maj-Supprimer

=55 Solving sq Him
}ﬂgif:gg Mew tabulated /O parameter by importation of & 2D table
=8 &;‘] Solving pi Modify tabulated IfO parameter by importation of a 2D table
-3 Post processi

5163 Tools &, Display PyFlux command

&3 Extensions

@ Find usages

o8 XML export
¥, Python export
¥, TET export

¥ Excel export

¥, Copy to ciipboard

w7 Edit Physical parameter[CO_TETAINI] X

MName of the Physical parameter *

Comment

Definition ‘\ Property |,
- Type of Physical parameter
|F'arameter controlled via a scenario v|
Reference value *

|00 |

Geometric parameter

| oK ||
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BRUSH ANGLE ANALYSIS e == :

[ Parametric distribution

Control of transient state |, Control of parameters ', Result storage | HyperView export |,
I Control type of transient solving process
(71 Control by time

® FIUX 2D project: define phySiCS @Cemmlbypcsiuuncfr-echammlset‘ROTOR v|

Parameter control \List of resulting values |
[rTAtervar aefnmon —— Intervals tabl

° C reate SO Ivi n g s Ce n ar i 0 Lowver limit Lower limit | Higher limit Method | Values I
T l:l 0 10 Step number (in) Z
Variation method

Click on [Solving] — =
1 [Solving scenario] — ijmmmm x

[N eW] Name of the solving scenario * | BRUSH_ANGLE | Comment | |
[ Parametric distribution

Cl’e ate th e fO I I OW| ng Control of transient state f Control of parameters h Result storage \ HyperView E)cport\

 Controllable parameter Controlled

2 scenario o |
“‘“BRUSH_ANGLFE”

Parameter name Synthesis

Multi-values : [0. .0]

Parameter name Reference value

Project  Application  Geometry Mesh  Physics  Parameter/Quantity Display view Select Tools Extensions Help
L] H %) ‘ ’“ B ‘ §5|*é= ﬁz Xfiﬁ\ -Parametercomrt.ﬂ CO_TETAINI (R value : 0.0)
Data Tree +£] check proisct before salving process s (B ER ane Control type. | Mul vaues |
& [Generaldatm 5, sohe waps | D Deleke Supprimer Parameter control | List of resuiting values
(3 Geometry O ) | B sohve s Interval definiion ————————————————— Intenvals tabl

3 Mesh
£3 physics a , Lowser limit [ Lowerlimit | Higher lmit Method Values ]

Solving process options

(3 Parameter/Quantity - - .0 90.0 Step value 1.0

. Muki physic salving session (new scenario)

(3 Post processing %, Mult physic solving session (existing scenatio) Variation method Step value b

3 Tools

2 Evaraers P ————— Step vaive L ]

7 Generate component for HyperStudy coupling (For HyperStudy 2019.1 and later)

) senerate component for Portunus coupling

4\ Generate component for Matlab Simulink coupling

)4 Generate component: for Amesim coupling » Clear last interval

) cenerate component for Altair Fux e-Machine Toolbox coupling

o [ ey J[ oeed [ ® ] |
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BRUSH ANGLE ANALYSIS

* Flux 2D project: define physics

« Save project

- Application  Geometry Mesh Physics Parameter/Quantity Solving Display View Select Tools Extensions Help

B e RN R TR R EY DN
L Click on [Project] — T [— ] [oraphic
[Save] : Recent projects (] = % @‘ E:;H L *H ﬂ a‘ @:
i} Save as... @
2 Command file ]
< Macro 3
7;:3 Orverlay »
1% Impart 3
»,;-3‘ Expark r
@ Print »
3 Exit Alt-Fa
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BRUSH ANGLE ANALYSIS

H . H Project  Application  Geometry Mesh Physics  Parameter/Quantity Display View Select Tools Extensions Help
[ ] FIUX 2D project. SOIV|ng D [ ™ I | g ) ’I“!I|gg £ ﬁl *:I:H B Solving scenario »

1 Lo ":] Check project before solving process s
+ Solve scenario ST el CD

23 Mesh % Delete results »

car terQuantity Q_'_'] Solving process options »
arameter [Quan
(3 Solver %, Multi phyysic solving session (new scenario)
CI_Ck On [SOI . n ] g _Pruslt pracessing %, Multi phrysic sokving session {existing scenario)
i Vi — ools
1 g [ Extensions Generate component for Activate coupling

 Macros
B B User overlays

ﬁ Generate component for HyperStudy coupling {for HyperStudy 2019.1 and later)
0 Generate component for Portunus coupling

Se I eCt th e Sce n arl 0 4\ Generate component for Matlab Simulink coupling

2 ):1 Generate compaonent for Amesim coupling »

‘BRUSH_ANGLE”

[Solve]

m Generate component For Altair Flux e-Machine Toolbox coupling

Save the solved project |

& Schve X
|

3 as a new project B B

ELTORQ_ROTOR (N.m)

“DC_Motor_2_BrushAngle_
Solved”

5 Solve X
Solving Scenario * ! - =
|BRUSH_ANGLE (2) | S S g =
Mew project - T - = |
|DC_Motor_2_BrushAngle_Solved| ||E| N : il B |
[ o J[ e ]| ® | ppp— =i == ==
40 R BE —— 1 A ALTAIR
- ‘Step rumber /182 (Estrmated remanng tme: $ snutes 3 seconds)
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BRUSH ANGLE ANALYSIS

 Display flux lines

ANIMATION_1 : CO_TETAINI = 0.0 - ANIMATION_1 : CO_TETAINI = 15.0 F = ANIMATION<1 : CO_TETAINI = 30.0

% Flux % Flux

« By modifying the parameter Co_TETAINI, one can rotate the initial flux line distribution

« If Co_TETAINI is set to 0°, then the flux line will be perpendicular to magnets flux lines

a1 J\ ALTAIR
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BRUSH ANGLE ANALYSIS

« On theoretical point of view , the coils should be fed to create a rotor magnetic field in quadrature
with stator field

| Stator field and rotor field |

| At end of switching |

— -V

| At beginning of switching |

« The computation with no magnet allows to check that point

It will lead to a positive torque in that case (for positive speed)

* Modifying the SHIFT_ANGLE parameter will allow to adjust this angle

42 /\ ALTAIR
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BACK EMF ANALYSIS

* Flux 2D project: define physics

* Delete project results

Project Solving Data exchange Support Graphic  Curve Computation Advanced Display  View  Help
) | Edit current application rﬁ‘gg‘%‘% %H&‘H@‘@ el SRS IS
Click on [App“ca‘“on] = Data Tre_ Delete current application I~ C—1 [Graphic
1 [Delete all project 1) e g BB 8 e
results] =03 Geametry |
(-3 Mesh
-3 Physics
-3 Parameter jQuantity
B3 Salver
-3 Post processing

E Tools
[+ Extensions

i Delete all project results
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BACK EMF ANALYSIS

45

* Flux 2D project: define physics

« Save project

3

Click on [Project] —
[Save as]

Define the project name

“DC_Motor_3_Back_EMF”

Click on [Save]

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

- Application  Geometry  Mesh  Physics Display  View Select Tools Extensions  Help

B rew Ctrl-N
a Open project .. Chel-O
B cose

Recent projects

4

g Save Chrl-5

CETr—)

P Command File »
 Macro ]
©B overlay »
I;g Import »
I;f| Export ]
G Print »

3 Exit Alt-F4

Rl

b e L e W K W

-

';; Choose the new name of the project

x

SavelIn: |3 Flux

% DC_Motor_1_GeoMesh.FLU
w5 DC_Motor_2_BrushAngle.FLU
% DC_Motor_2_BrushAngle_Solved FLU

N

MRENET =

File Mame: | DC_Motor_3_Back_EMF ([ 2 \
) i

Files of Type: |FIu)(IJ Project d\recboriesv

(3) el o |

J\ ALTAIR
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BACK EMF ANALYSIS

*  What do we need to do ?
* Replace air or vacuum region by magnet and stator
* Replace linear region of rotor by M800-50A

» Set the resistance of supply to CO_RESIST_VAL = 10000 Q (back EMF will be taken on the
resistance)

« Set the speed to 10000 rpm
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BACK EMF ANALYSIS

* Flux 2D project: define physics

* Import materials

Click on [Physics] —
1 [Material] — [Import
material .DAT]

Select the two
materials:
FLU_1010_XC106RO
FLU_M800_50A

3 Click on [Import]

47

Project Appication  Geometry Mesh

Parameter/Quantity  Solving

Display View Select Tools

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

Extensions  Help

Y

Data Tree
(= General data

3 Geometry

(3 Mesh

3 Physics

3 Parameter/Quantity
3 solver

(33 Post processing

(3 Tools

(23 Extensions

e Infinite box PP a2 A B
W Periodicity »
efp Symmetry » = =
22 - gl
& Domain options p 7 *H & ﬁ| & - s o+
Y -
o} Paint region v | fi Edi CHEHE
< Line region » | B Edt array (=
& Face region » | XE Delete Supprimer
x5 e
£3 Mechenical zet N tupe Force delete Maj-Supprimer
"B Electrical components P | B Import From mat
[ Circuit » ork AT
Y | el Orlent material for Face region

ul
uil

Assign regions ko geometric entities
Assign coil conductor components to regions
Assign solid conductors componants ko regions

, T8 Newr B{H) 2D curve (Material)

»

@

Display arrows on magnet

% Delet Arrows

a

Load and run physics macro

% Check physics
£ Check dircuit

Al-p
Al-C

% Import material .DAT x

Materials |
= D:VProgram Files\Altair \2021\Flux\flux\Materials [
= @ FLUX_111_MATERLDAT
FLU_1010_XC10+RO
4 FLU_ALNICOS
4 FLU_ALNICOS
 FLU_ALUMINIUM
4 FLU_BAKELITE
4 FLU_CERAMICS
4 FLU_COPPER
4 FLU_M1000_85D
4 FLU_M1000_85DNR.
4 FLU_MZ70_35A
4 FLU_M330_35A
4 FLU_M330_35A_VALED :
4 FLU_M330_554 :
4 FLU_M400_50A
4 FLU_MG00_50A
4 FLU_MB00_554
FLU_MS00_50A
4 FLU_MBO0_&5A
4 FLU_MU_METAL :
4 FLU_NDFE30 : 3

® |

Close |H |
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BACK EMF ANALYSIS

* Flux 2D project: define physics

48

* Modify face regions

Modify the following
face regions

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

*;B Edit Face region[ROTOR, SHAFT,STATOR]
Entities Modify all ROTOR SHAFT STATOR
=] G Face region
3 Mame = ROTOR SHAFT STATOR
G Comment Initial values ROTOR SHAFT STATOR
El {3 Transientmagnet
= @ Sub types Initial values Magnetic non conducti... |Magnetic non conductin.. | Magnetic non conducti. ..
=] @ Magnetic non conducting region Magnetic non conducti... |Magnetic non conductin. .| Magnetic non conducti...
G Material * FLU_M300_504 FLU_1010_XC10+RO FLU_1010_XC10+R0O
ﬁ Color Initial values Blue Yellow Blue
G Visibility * Initial values VISIBLE VISIBLE VISIBLE
Mechanical set Initial values ROTOR ROTOR STATOR
G o || mev || omed || ®
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* Flux 2D project: define physics

* Modify face regions

Modify the following

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

1 face regions
"._:B Edit Face region[MAGNET_1, MAGNET_2 MAGMNET_3, MAGMNET_4]
Entities |Modifv all MAGNET_1 MAGNET_2 MAGNET_3 MAGNET_4
= @ Face region
G Name * MAGNET_1 MAGNET_2 MAGNET_3 MAGNET _4
G Comment Initial values MAGNET POLE1 MAGNET POLE2 MAGNET POLE3 MAGNET POLE4
= G Transientmagnet *
=l @ Sub types Magnetic non conducting ... |Magnetic non conducting ... |Magnetic non conducting ...|Magnetic non conducting ... |Magnetic non conducting .. |
= @ Magnetic non conducting region Magnetic non conducting ... |Magnetic non conducting ... |Magnetic non conducting ... |Magnetic non conducting ...
G Material * MAGNET MAGMNET MAGNET MAGNET MAGNET
G Color Initial values Red Green Red Green
G Visibility * Initial values VISIBLE VISIBLE WISIBLE VISIBLE
i Initial values STATOR STATOR STATOR STATCR
® | |

49
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BACK EMF ANALYSIS

* Flux 2D project: define physics

Orient materials

Click on [Physics] —
[Material] — [Orient
material for face region]

1

Define the orientation
angle for the four
magnets

Click on [OK]

© Altair Engineering, Inc

roje ication  Geometry  Me: arameter fQuan olving Display  View  Sele ools nsions  Help
Project i G tr Mesh P; e i Solvi Di Vi Select  Tool Exte Hel
D P L= | g 5 o Infinite box v i" e, lJ;/ L’zﬂ 7 9?” }kﬂ 55” =
Data Tree i Periodicity ¥
Symmetry » =
= | General data sh EF] 2 I [
-8 Geometry @ Domain options » [ *H L ﬁ ‘;‘: BTN ETRES
23 Mesh _ A
[ Physics 4 E(:Fel New
" .
(3 Parameter/Quantity oF Faint region | FR Edit Ctrl-E
3 Solver < Lne region 3 m Edit array Ctrl-F
(3 Post processing A Face region ¥ | ZH Delete Supprimer
23 Tools sthy
- Fi delet Maj-Si
[#-(20 Extensions 03 Mechanical set N R
% Electrical components » E‘a‘ Impart from material manager
Eg] Circuit p |2 Impart material .DAT

CuFe

e Assign regions to geometric entities

uil Assign coil conductar companents to regions

u #Assign solid conductors components to regions ]

rient material For Face region

: ce re
3 " -
n T}“‘ Mew B(H) 2D curve (Material)

@ Display arrows on magnet
% Delete Arrows

@ Load and run physics macro »

'@ Check physics Alt-P

Y Check drouit Alt-C
=% Orient material for face region *
Crient region's materials Oriented type Coordinate sys... | Angle ¥ coordinate ¥ coordinate

B ISOTROPE
A3 ROTOR
A SHAFT
A STATOR

UNIDIRECTIONALMAGNETIZATION
A MAGNET_1
A MAGNET 2
A MAGNET_3
A MAGNET_4

50

(2

Direction XYl 45

Direction ¥l 454904180
Direction XYl 45+180
Direction X1 45+270+180

® |

. Proprietary and Confidential. All rights reserved.
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BACK EMF ANALYSIS

* Flux 2D project: define physics

* Modify electric circuit

Click on [Physics] —
1 [Circuit] — [Circuit editor
context]

51
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Project  Applicaton  Geometry Mesh ParameterfQuantity  Solving Display View Select Tools Extensions Help
@ d = ) e Infinike baox P hpll, - l)lﬂ @ %LH
Data Tree i Periodicity (]
Symmetry 13 -
S} ‘Ganeral data Sl i z I_
3 Geometry o Domain options [ *H ﬂ ﬁ E: i

[ Mesh A

22 Physics cufe Material »

(23 Parameter/Quantity & Paint region 4

(3 Solver = Line region »

[C3 Post processing A3 Face region b

23 Tools

(23 Extensions 3 Mechanical set »

[ Electrical components

Circuit

Circuit editor ce

e Assign regions ko geometric entities

sl Assign coll conductor components ta regions

il Assign solid conductars compaonents to regions

@ Display arrows on magnet
7% Delete Arrows

Q} Export circuit bo a xcir File
«  Expott circuit ko a PyFlu file

ﬁ Delete electrical circuit

Load and run physics macro

‘@ Check physics

YZ Check circuit

Alt-p
al-C
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BACK EMF ANALYSIS

* Flux 2D project: define physics

52

* Modify electric circuit

Modify the resistance
value

Resistor name *

CO_RESISTOR

Model | Terminals | Appearance | Evaluated information ',

(©hm)*

[1E4

[0l
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BACK EMF ANALYSIS

* Flux 2D project: define physics

* Modify electric circuit

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

View Select Tools Help
At R R E R R R R R
Data — | Graphic.

= [ceneraidate

Click ontheicon ¢ to | 7=
1 close the circuit editor g
context

¢ M aQjaasx
o

[ 20 B0 b bg g b b b ) bt b b b |

doam,

150 200 350 30 350 400

o0 5 eb0 e | 700 7 | ean | w0 | won | w0 fo0n fosd 100 1m0 12|

[raphuc stere [potertis of termrats |

T i
¥ Defed W Corrected ¥ ad W 00_EQUIPOT_BRUSHGROUP_t -

N W co_squiror e 3
o s 0 ] W Corrmced Ve ¥ co.sQuIPoT SRS GO 3

W Defred W Corrected Wb W CO_EQUIPOT BRUSHGADUP 3

W Defed W Cornmcted W v W’ CO_EQUIFOT _BRUSHGROLE.

W Defned W Corrected W ek W,

4
W C0_EQUIPOT BRUSHES =
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BACK EMF ANALYSIS

* Flux 2D project: define physics

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

* Modify mechanical set [+ vemmenoon

= (W

Modify the velocity Slalaton atvund one sis
value for the

mechanical set

“ROTOR” i

Rulaliun around one axis parallel to Oz

54

% Edit Mechanical set{ROTOR] pe

Bl J o [ew Lo ] |
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BACK EMF ANALYSIS

* Flux 2D project: solving

* Create scenario

Click on [Solving] —
1 [Solving scenario] —
[New]

Create the following
scenario “BACK_EMF”

55

Project  Application Geometry Mesh Physics  Parameter/Quantity

Display View Select Tools Extensions

Help

B2 - dEd =2 [ ks

B Solving scenario

Data Tree

";‘j Check project befare solving process

E}‘ General data

3 Geometry

-3 Mesh

(3 Physics

(3 Parameter/Quantity
-3 Solver

(3 Post processing
-3 Tools

E User overlays

@ Delete resulks

@ Salving process options

5

5 Multi physic solving session (new scenario)

-

+» Multi physic solving session (existing scenatio)

Generate component for Activate coupling
f’

V¢ Generate component for HyperStudy coupling (For HyperStudy 2019.1 and later)

u Genetate component for Portunus coupling
4 Generate component For Matlab Simulink coupling

- . .
.1 Generate component For Amesim coupling

Generate component For Altair Flux e-Machine Toolbox coupling

25 New Solving Scenario

N

X

\
Name of the solving scenario * | BACK_EMF 2 ) )

| comment |

:

Control of transient state \cmml of parameters \Rasult storage \Hyper\naw expcrt\

[] Parametric distribution

- Control type of transient solving pr
(1 Contral by time

|1® Control by position of mechanical set |ROTOR |

Parameter control \ List of resulting values \

[ Intervals tabl

[Interval definion —————————
360.0

Lower limit

Variation method

Step value

Clear lastinterval

| oK H Apply H Cancel U

(=]
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BACK EMF ANALYSIS

* Flux 2D project: solving

« Save project

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

- Application  Geometry Mesh Physics Parameter/Quantity Solving Display View Select Tools Extensions Help

ﬂ New

B Close
[Save] Recent projects

Click on [Pl’oject] — B Cpen project ...

Chrl-r
Chel-2

L2 b ™ Eg s e k]l s Bl 2K

b, ka9

[ =]

|G'aphi|:

-

i} Save as...

ETI—T ] )

2 Command file
< Macro
T;:B Orverlay

1% Impart
l;_{' Expark
5 Frink

1 Exit

Alt-F4

56
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BACK EMF ANALYSIS

Project  Applicaton Geometry Mesh  Fhysics  Parameter/Quantity Display  View Select Tools Extensions  Help

* Flux 2D project: solving B2 a8 E[ 2 o] ™[2h e b B st »

Data Tree 7] Check project before solving process Alt-5
i = P |
+ Solve project 5 ceomety ,

23 Mesh |2 Delete results »
g :::’:Ir;;er.@uanhty ﬁ:j Solving process options »
£ solver ., Multi physic solving session {new scenario)

{21 Post processing

£ Tool “, Multi physic solving session (existing scenario)
ools

Click on [Solving] —

1 -[23 Extensions Generate component for Activate coupling
. Macros # i
[Solve] . B U . f{ Generate compaonent For HyperStudy coupling (For HyperStudy 2019.1 and later)
-6 B User overlays

u Generate campaonent For Portunus coupling

4\ Generate component For Matlab Simulink coupling

SeIeCt the SOIVI ng I:1 Generate campanent For Amesim coupling (]
scena rl (0] “ BAC K_E M F” zenerate component For Alkair Flux e-Machine Toolbox coupling

x

]

|
ELTORQ_ROTOR (N.m)

Save the solved project
3 as a new project
“DC_Motor_3 Back EMF -

Solved”

=
=i Solve o BT e = |
—— e BT =

Solving Scenarjs B |

\BAacK_EMF () -] i - |

£

; e = = = - = = - = =
i@ Mew project e . e ‘

|DC_Mator_3_Back_EMF _Solved @@ . W I
s7 @[k || et [I| ® | e o ® . L J\ ALTAIR
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BACK EMF ANALYSIS

* Flux 2D project: post-processing
Project  Applicaton  Solving Dataexchange Support  Graphic - Computation Advanced Display View Help

° Dlsplay Of Back EMF D [ ™ . | g| (] b|||m|gg|’fl‘§ B T 2D curve (Path)

2D curve

parameter) 3 N

T:@" 2D curve (Material Curve) ] & Edit Chrl-E
& .
@ 3D curve (20 grid) ] ﬁ‘ melifio Supprimer
@ 3D curve (2 I/O parameters) ] w Display
Click On [Cu rve] - [2 D § 3D curve (Path + /0 Parameter) 3 g Hide:

M Integral of 2D curve
a Derivative of 20 curve

Eﬁ 3D curve (dedicated to rotating machine) — »

curve (I/O parameter)]

_ [N eW 2 D Cu rVe (I/o [#-C3 Extensions ﬁ]h); Spectrum analysis (FFT)
gff‘ Superimpose 2D curves (10 parameter)
paramete r)] E’t Import a 20 curve - Fluz file (kxt)

ﬁ“ Import & 20 curve - Formatted file (bxt)

Create the curve

2 E‘% TXT expart
“ ”
BAC K E M F ﬁ‘% Excel export
%5 Mew 2D curve (/O parameter) X i Computation on circuit %
Mame of 2D curve (IO parameter) *
2 [BACK_EWH] | Type of electrical component
Comment [Resistor B

|10 parameters on the

Formula

| ¥ choice | Parameter name | Current value ‘ Limit miry | Limit max | U(CO_RESISTOR)
| lancros roTor | Voo w300 | Power - Active (W]
Resistance [Q]
Formula on ordinat Joule losses [W] T
‘ Region ‘ | Circuit | ‘ Mechanical set‘ -
|-

> 2\ ALTAIR
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BACK EMF ANALYSIS

* Flux 2D project: post-processing

« Display of voltage on R1 and of position

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

Circuit / Voltage [CO_RESISTOR]

BACK_EMF

7.500E0

[Circuit/ Volta [CO_RESISTC& )

f

f

;-.-Gircuitl\loltaga [CO_RESISTOR] (V)

\

5.000E0

-2,500E0

-5.000E0

-10.00E0

M

Reset

S000ED

100.0E0

1500 ED

200.0E0

290 0E0

300.060

amoen’  ANGPOS_ROTOR
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BACK EMF ANALYSIS

Project  Application  Solving Dats exchange Support  Graphic - Computation Advanced Display View Help

» Flux 2D project: post-processing = * = & =& [ 2 == 4% feprprs

2D Ty

= ‘Genera\ dat w 20 curve (Material Curve) » & Edit. Chl-E
H 1 ’ ] X & Delete Supptimet
« Display of voltage on Coil_1 G conmetry I 30 cuve 20 ) >
- 3 Physics @ 30 curve (2 1JO parameters) » T:Q. Display
£a Pa:’ameber,fQuanﬁty' g 30 curve (Path + I/ Parameter) » ﬁ Hide

Ink | of 20
(3 Solver @ 3D curve (dedicated to rotating maching) b M I cure
(3 Post processing a Derivative of 20 curve

g ;:::.,Siﬂns M Spectrum analysis (FFT)

Click on [Curve] — [2D

;K& Superimpose 2D curves (IO parameter)

1 CU rVE (I/O parameter)] E Import & 20 curve - Fluzx File (kxk)
- [N ew 2 D curve (I/o & Import a 20 curve - Formatted file (k)
<% New2D (/o eter) X expor
pal’ameter)] e Mew 20D curve parameter T“_é;: THT export
Name of 2D curve (I/0 pgr—=ater) * 1§ Ecel export

[votace_coi_1 - (°) ) |
> Create the curve for the comment \2/

voltage on Coil_1 [ |

/0 parameters on the abscissa

X choice Parameter name Current value Limit min Limit max
ANGPOS_ROTOR v 0.0 v 360.0

-Formula on ordinate

| Region | | Circuit | | Mechanical set|

UICO COIL 1PHUICO COIL 1) [0
(]

° B ==& ] \ ALTAIR
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BACK EMF ANALYSIS

* Flux 2D project: post-processing
« Display of voltage on Coil_1

VOLTAGE_COIL_1
U(CO_COIL_1P)-U(CO_COIL_1N)
(CO_COIL_‘ F)-U(CO_COIL_1M)

o’

Reset £0.00E0 100.0ED 150.0E0 200.0E0 250.0E0 300.0E0 350.0E0 ANGPOS_ROTOR
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BACK EMF ANALYSIS

* Flux 2D project: post-processing

* Isovalue magnetic flux density

Click on [Graphic] —
[Isovalues] — [New]

Create the isovalue for
2 the magnetic flux
density

62

Project  Application  Sclving Data exchange

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

Curve

D2 d = E}‘ o >|||tﬁ‘gg

’:

® Leovalues

Data Tree

% Isolines

Computation

Advanced

Display

View H

il Ed Chl-E

Ell General data

' Delete

‘ Display isovalues
. Mask isovalues

Supprimer

Groups for computation

2 NO VACUUM

i

Quantity *

IConductivity

ICurrent density

Energy (volume density)
Lorentz force {volume density)

[0l

,.";; Arrows Spatial Group B
-3 Geometry A2 Arrows path 3
4 Mesl'! 27 Arrows Grid 2D »
-3 Physics &
-3 Parameter fQuantity 'Q, Arrows boundary »
-3 Solver @ Arrows on magnek 3
-3 Post processing
-C3 Tools ﬁ Animation ]
-3 Extensions ]|
w5 New Isovalues *
Name of isovalues *
[ Magnetic_Flux_Density { 2 )] |
Ccomment
General |, Complements |
Support for isovalues
|Spatia| group v|
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BACK EMF ANALYSIS

* Flux 2D project: post-processing

63

* Isovalue magnetic flux density

2.075
1.953
1.831
1.709
1.587
1.465
1.343

©
g 1.0zl
=

i 1.099

)

&

+ 976.671E-

5

E

W 854.593E-

o

g

o

Y 732.514E-

o

=
€10 .436E-
488.357E-
366.279E-
244, 200E-
122, 121E-

42.B52E-
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BACK EMF ANALYSIS

* Flux 2D project: post-processing

« Save project

- Application  Geometry Mesh Physics Parameter/Quantity Solving Display View Select Tools Extensions Help

B e RN R TR R EY DN
L Click on [Project] — T [— ] [oraphic
[Save] : Recent projects (] = % @‘ E:;H L *H ﬂ a‘ @:
i} Save as... @
2 Command file ]
< Macro 3
7;:3 Orverlay »
1% Impart 3
»,;-3‘ Expark r
@ Print »
3 Exit Alt-Fa
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CONSTANT SPEED ANALYSIS

Next computation is to set the speed at 10000 rpm

Goal : look at current ripple and torque ripple

Delete all the results of the previous project BACKEMF.FLU.
Save as CONSTANT_SPEED.FLU
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CONSTANT SPEED ANALYSIS

* Flux 2D project: define physics

* Delete project results

Click on [Application] —
1 [Delete all project
results]

67

Project Solving

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

Data exchange Support Graphic  Curve Computation Advanced Display View  Help

B2 Edit current application Iﬁ|gg|i§‘ﬁ. %” Eh|’:@|@‘3% wmore N

Data Tre Delete current application —

Graphic

E}---lGena' & Celete all project results 1}

—

#-£3 Geometry

-3 Mesh

&3 Physics

D Parameter [Quantity
-3 Solver

D Post processing
-3 Tools

-3 Extensions

2 o Q.| & & D %
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CONSTANT SPEED ANALYSIS

* Flux 2D project: define physics

- Application  Geometry  Mesh  Physics Display  View Select Tools Extensions  Help

68

« Save project

3

Click on [Project] —
[Save as]

Define the project name

“DC_Motor_4 CST_Speed”

Click on [Save]

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

B rew Ctrl-N

Rl

b e I dL e W K W

a Open project .., Chel-o

[ — | |Graphic

B Close

Recent projects ]
H Save Chrl-5 ,
#  Command file »
2 Macro ¥
'-j:3 Owerlay »
I;f Import ]

l;f Export »
& Print »

£ Exit Alk-F4

|2 g Bt

D

I Choose the new name of the project

.

SaveIn: |3 Flux

WRENFIET -

%5 DC_Motor_1_GeoMesh,FLL

%: DC_Motor_2_BrushAngle. FLU

%3 DC_Motor_2_BrushAngle_Solved.FLU
%5 DC_Motor_3_Back EMF.FLU

%: DC_Motor_3_Back_EMF_Solved FLU

FieName:  |DC_Motor_4 CST_Speed|

Files of Type: |FIun:2D Project directories

7'\

IZI
N/
et

=l

@ =
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CONSTANT SPEED ANALYSIS

* Flux 2D project: define physics

* Modify electric circuit

Click on [Physics] —
1 [Circuit] — [Circuit editor
context]

69

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

Project  Applicaton  Geometry — Mesh Parameter/Quantity Solving Display View Select Tools Extensions Help
D 2o g E g o oo Infinike box L4 ‘Lf' = 1):/ Lflu & @'/)H
Data Tree i Periodicity »
Symmetry » -
=3 |Genera| data sk 6 z I_
£3 Geometry @ Diomain options » #H ﬁ ﬁ E; o K
(3 Mesh i
23 Physics cubs Material »
(73 Parameter/Quantity & Point region ]
3 Solver < Line region »
{3 Post processing A Face region 4
{3 Tools
{23 Extensions (£ Mechanical set ]
% Electrical components 3
e Assign regions to geometric entities » Qg Expaort circuit ta a xcir file

ui Assign coll conductor components to regions

uil Assign solid conductars components ta regions

-

@ Display arrows on magnet
7% Delete Arrows

' Export circuit to a PyFlug file

ﬁ Delete electrical circuit

#  Load and run physics macro

'/@ Check physics

¥ Check drouit

Al-p
Alt-C

/\ ALTAIR



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

CONSTANT SPEED ANALYSIS

* Flux 2D project: define physics

70

* Modify electric circuit

Modify the voltage

source value

s Edit Voltage source[CO_VSOURCE] X

Voltage source name *
|co_vsource |
Comment

Model ' Terminals |, Appearance ', Evaluated information ',
Voltage source type

‘Vn\lagesnumebyfﬂrmu\a(\lml) v|
Value (V) *

(16 [0l
G Il | ow [ ® |

Doph Do B o

] e v S N e e A 1 S i N N il M i W il

7
@

T T PP PT TP PP PP PP PP TP FTT PT
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CONSTANT SPEED ANALYSIS

* Flux 2D project: define physics

* Modify electric circuit

Modify the resistance
value

%5 Edit Resistor[CO_RESISTOR] X

Resistor name *
|co_resisTOR |

|
Wodel |, Terminals | Appearance ' Evaluated information ',
Resistance (Ohm) *
[1E4 |\l

lﬂ] g o ﬂl@ ap

(] I [ =" | I

£ S A ] e e N i A 1 P i P R il
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CONSTANT SPEED ANALYSIS

* Flux 2D project: define physics

View Select Tools Help
At R R E R R R R R
Data — | Graphic.
B
1 AL comporeris
pr .

ol 3% w R @ & x[Za]|b) bi bk bbb b 6Y bl bk b by b
50, g s 0 D, 100 A5 200, 750 300 3%, 40n

* Modify electric circuit

-

Click on the icon "¢ to
1 close the circuit editor

context - e m m n
E: lﬁ Hléjaﬂl ﬂlg E lﬂﬂly 1£m $m ig L; i -

250 i | 250
t
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150 150
-100 100
-80- 50
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50 [s0
| s ame s 100 150 200 250 0 351 0 &50 500 S50 6O 50 700 B 850 0 0 o0 50 0 2
| b e v |
Companents ' Potentials |
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T W Defred W Correced ¥ vad W C0_EQUIPOT_BRSAGROLP. -
W co_EquiPor seuses
§ o susemen i W Defred W orrced Visd W 00 EQUIPOT_BRUSHGROUP 3
V" CO_EQUIFDT _BRusHES D
o FussEE, W Defred W Corrected ¥ vad W CO_EQUIPOT_BrUSHGROUP
V" co_squIroT sruse
4 cosussmen W Defed W Cornmcted W v W 0_EQUIPOT_ERLSHGROUP_3
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CONSTANT SPEED ANALYSIS

* Flux 2D project: solving

+ Create solving scenario

Click on [Solving] —
1 [Solving scenario] —
[New]

Create the following
2 scenario
“LOAD_10000RPM”

73

Project Application  Geometry Mesh Physics  Parameter/Quantity

Display View Select Tools Extensions Help

Y R

N

l

Data Tree

+] Check project before solving process

= General data

B, sove

-2 Geometry

3 Mesh

Physics

Parameter fQuantity
Solver

3 Post processing

3 Tools

Extensions

|7 Delete results

A
5 Bt owie

*3 Delete Supprimer

By Solve  Majs

4] Solving process options

%, Multi physic solving session (new scenaric)

%, Multi physic solving session (existing scenario)

Generate component for Activate coupling
7z Generate component for HyperStudy coupling (For HyperStudy 2019.1 and later)
1) Generate component for Portunus coupling
#. Generate component For Matlab Simulink coupling

4 Generate component for Amesim coupling

Generate component for Altair Flux e-Machine Toolbox coupling

25 New Solving Scenario

N

o \
Name of the solving scenario = [LOAD_10000rPM_[{ 2 ) ]

| comment |

[] Parametric distribution

Control of transient state | Control of parameters ', Result storage || HyperView export ',

- Control type of transient solving process
(71 Control by time

Control by position of mechanical set  RCTOR ]

Parameter control \ustofresulﬁng values |
rinterval definion ————————————————————

Lower limit 720.0

Higher lmit
Variation method

Step value

rIntervals table

Lower limit Higher limit Method Values
.0 380.0 Step value 1.0
.0 720.0 Step value 1.0

Clear lastinterval

| oK ‘ ‘ Apply | | Cancel

I o |
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CONSTANT SPEED ANALYSIS

* Flux 2D project: solving

« Save project

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

- Application  Geometry Mesh Physics Parameter/Quantity Solving Display View Select Tools Extensions Help

ﬂ New

B Close
[Save] Recent projects

Click on [Pl’oject] — B Cpen project ...

Chrl-r
Chel-2

(2 ™3 e il e B K | % Y

— |G'aphi|:

e o Bjv@E 8 & Bw

i} Save as...

ET—T | )

2 Command file
< Macro
T;:B Orverlay

1% Impart
l;_{' Expark
5 Frink

- - v - v w

1 Exit

Alt-F4
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CONSTANT SPEED ANALYSIS

* Flux 2D project: solving

* Solve scenario

Click on [Solving] —
[Solve]

Select the solving
2 scenario
“LOAD_10000RPM”

Save the solved project
3 as a new project
“DC_Motor_4 CST_Speed_
Solved”

Project  Application

Geometry

Mesh

Physics  Parameter/Quantity

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

Display View Select Tools Extensions Help

e dE®H

EREEIE

L i

Data Tree

E}‘ General data

3 Geometry

&3 Mesh

(-3 Physics

(3 Parameter/Quantity
-3 Solver

(3 Post processing
-3 Tools

Extensions

. Macros

:B User overlays

| DC_Motor_4_CST_Speed_Solved.FLU ( 3 2

w7 Solve *
Solving Scenario *

LOAD_10000RPM_( 2) - |
i Mew project ~

® ElEa|

Cancel

|| ®

B Solving scenario

";"._] Check project befare solving process

Alt-5

@ Delete resulks

@ Salving process options

“ Mulki physic solving session {new scenario)

“ Multi physic solving session {existing scenatio)

Generate component for Activate coupling
;’{ Generate component for HyperStudy coupling (For HyperStudy 2019.1 and later)
u Genetate component for Portunus coupling
4 Generate component For Matlab Simulink coupling

- . .
.1 Generate component For Amesim coupling

Generate component For Altair Flux e-Machine Toolbox coupling

s Solve

Solving

ELTORQ_ROTOR (N.m)

EES
9:54-
a2
o5
9.8
12 50 100 ) ) w0 &0 500 550 600 a0 00
ANGPOS_ROTOR (deg)
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s 15
iee
0
5
2
P w E) %0 o P w
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2528
o 113 15
=D o0 10
ies.

20 0
ANGFOS_ROTOR (deg)

20 00 20 2
ANGFOS_ROTOR (deg) ANGFOS_ROTOR (deg)

Step number 3/721 (Estimated remairing tme: 48 minutes)
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CONSTANT SPEED ANALYSIS

Project Application  Soling  Data exchange  Support  Graphic [JGUMEl| Compulstion Advanced Display View Help

TR g‘ ) '|||E||§5 =5§|5§ 15 2D curve (Path) 8 [ | 22 " g ‘
1 . H Data Tree £ ; ster) » i
* Flux 2D project: postprocessing = e 1 e (iaers cue) b2 e
[#-(3 Geometry @ 30 curve (20 grid) N E Delete Supprimer
(3 Mesh
. g 30 curve (2 [JO parameters) (] ﬂ Display
° TO rq u e an d C u rre nt g i:::rl'r[\zter,’Quanﬁty @ 3D curve (Path + 1/ Parameter) » E Hide
53 Solver iz 30 curve (dedicated ta rotating maching) ¥ i) BilegleTaRara
[C3 Post processing

& Derivative of 20 curve

(3 Tools Tl Spectrum analysis (FFT)

[-(23 Extensions

" Superimpose 2D curves (10 parameter)

Click on [Curve] — [2D e e
curve (I/O parameter)]

& THT export

1 ki New 2D (/0 eter) X |18 sl epart
— [New 2D curve (I/0 N“ mfzncm (”Opmm - B
ame o Curve param%*
parameter)] [TORQUE_AND_CURRENT] ( 2 ) |
\&/

Comment

2 Create the curve | |
“TORQUE_AND_CURRENT”

I/ parameters on the abscissa

¥ choice Parameter name Current value Limit min Limit miazx
ANGPOS_ROTOR v 0.0 v 720.0

-Formula on ordinate

| Region | | Circuit | | Mechanicalsetl

TorqueElecMag(ROTOR)
I(CO_VSOURCE)
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CONSTANT SPEED ANALYSIS

» Flux 2D project: postprocessing

- Torque and current

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

Mechanical set / Magnetic torque [ROTOR]

Circui
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TORQUE_AND_CURRENT
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CONSTANT SPEED ANALYSIS

» Flux 2D project: postprocessing

« Power

Click on [Curve] — [2D

curve (I/O parameter)]

— [New 2D curve (I/0
parameter)]

Create the curve for
2 absorbed power and
mechanical power
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[ ™ E}‘ R bl“%|§§“ﬂ§|% %EZD:urve(Path)

Data Tree

= General data

T'S"' 2D curve {Material Curve)

3 Geometry

[+ Mesh

(23 Physics

-3 Parameter/Quantity
B3 Solver

@-(3 Post processing
-3 Tools

[+ Extensions

@ 3D curve (2D grid)
[ 3D curve {2 O parameters)
§ 3D curve {Path + IO Parameter)

& 3D curve {dedicated to ratating machine)

T!; Integral of 20 curve

w2 New 2D curve (I/O parameter)

Mame of 2D curve (/O parameter) *

Comment

7N\
| ABSORBED_POWER_AND_MEGHANICAL_POWER| ( 2 ) |
h—d

1i0 parameters on the abscissa

X choice Parameter name Current value Limit min Limit max
ANGPOS_ROTOR ¥ 0.0 ¥ 7200
-Formula on ordinate
| Region | | Circuit | |Mechanical set|

PowerP(CO_VSOURCE) L)
TorgueElecMaolROTORFANoSoeed(ROTORYPICW180 | [()J
[0l

T'Q‘ Derivative of 20 curve
m Spectrum analysis (FFT)

By Edit il
y g Delete Supprimer
» | 1€ Display
» | B8 Hide

tf‘ Superimpose 20 curves (1/0 parameter)
& Import & 20 curve - Flux file (txt)
T}“ Impart a 2D curve - Formatted File (kxt)

'[19& TXT export
& Excel export

/\ ALTAIR



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

CONSTANT SPEED ANALYSIS

» Flux 2D project: postprocessing

« Power
ABSORBED POWER_AND_ MECHANICAL POWER

@ Circuit / Power - Active [CO_VSOURC E] (W)

@ TorqueElechag RO TORY AngSpeed(ROTOR)"P{Y180
20 00E3
h \
0.000ED
-10.00E3

[
-20.00E3
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CONSTANT SPEED ANALYSIS

Project Applicaion  Solving  Dataexchange  Support  Graphic [[GUNE| Computstion Advanced Disply View Heb

. . [ ™ R | g‘ v »I" &y | oy | ds ‘ B T 20 curve (Path)
* Flux 2D project: postprocessing [osm
&+ | General data T 20 curve (Material Curve) » % Edit Chl-E
. 2 Geometry k& 30 curve (20 grid) b TS Delete Supprimer
® CO I I C U rre nts g ,T:S;cs l& 3D curve (2 1/O parameters) » | B8 Display
e p;ametedquﬁnm [ 30 curve (Path + 1fO Parameter) » | T Hide
28 Soer liz 30 curve (dedicated to rotating machine) b B Integral of 20 curve
3 Postprocessig 13 Derivative of 2D curve
2 Tools

C3 Extensions Tibl, Spectrum analysis (FFT)

¢ Superimpose 2D curves {1/ parameter)

C|IC|( on [Curve] - [2D & mmport a 20 curve - Flux file (txt)
curve (I/O pal’ameter)] 'E;ImpnrtaZD curve - Farmattad Fil (k)
1 bg T export
- [NeW 2D curve (I/o % New 2D curve (/0 parameter) X Bt
parameter)] Name of 2D curve (/O p==qeter) *
[colL_currenTs| ( 2 ) |
Create the curve for the NI \C/

2 )
coil currents | |

/0 parameters on the abscissa

X choice Parameter name Current value Lirnit: rriiry Limit max
ANGPCS_ROTOR v 0.0 v 7200

-Formula on ordinate

| Region | | Circuit | |Mechanicalset|

1(CO_COIL_1P)
1(CO_COIL_2r)
1(CO_COIL_3P)
1(CO_COIL_4p)
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CONSTANT SPEED ANALYSIS

» Flux 2D project: postprocessing

* Coll current

N

COIL_CURRENTS

444

,f

Reset || 100.0E0 2000ED 300.0ED 400.0E0 S00B0 BDOOED 700080 " ANGFOS_ROTOR
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CONSTANT SPEED ANALYSIS

* Flux 2D project: solving

« Save project
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- Application  Geometry Mesh Physics Parameter/Quantity Solving Display View Select Tools Extensions Help

ﬂ New

B Close
[Save] Recent projects

Click on [Pl’oject] — B Cpen project ...

Chrl-r
Chel-2

(2 ™3 e il e B K | % Y

— |G'aphi|:

e o Bjv@E 8 & Bw

i} Save as...

ET—T )

2 Command file
< Macro
T;:B Orverlay

1% Impart
l;_{' Expark
5 Frink

- - v - v w

1 Exit

Alt-F4
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V. CONCLUSION
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CONCLUSION

* In this tutorial, the DC motor model is created by Flux Overlay.

* Three different analysis have been created to analyze the motor performance.
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