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Flux - Brushless tutorial in 2D
Geometry and mesh with BPM Overlay
2D case

« Cogging torque

* Back emf

+ Constant speed

« Starting and adding a load
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COGGING TORQUE
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Flux - Brushless: Geometry
Activate BPM Overlay (in FLUX 2D application)

< Macro

Load a user averlay
Unlaad

Fun

 Choose the overiay tolead
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MECIAIE ]

& = Brushless_Permanent_Magnet_Motors_V11.1.PFO
'8 Brushless_Permanent_Magnet_Outer_Rotor_Motors_V11,1.PFO
'8 Induction_Motors_Quter_Rotor_V11.1.PFO
'8 Induction_Motors_V11. 1.PFO

‘-8 Mu_Complex_Cell_Coil.PFFO

'8 Permanent_Magnet_DC_Motors_V2.PFO

'8 Si_Complex_Cell_Coil PFO

rs Switched_Reluctance _M;

comganbimy: SPEED PG BOC 1.1

File Name: | Brushless_Permanent_Magnet_Motors_Vii. 1.PFO

Files of Type: |User overlays
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Flux - Brushless: Geometry
(O nenveoev I ==

Name *

brushiess | Brushless PM motor |

General | Airgap ', Rotor |, Stator | Winding ', )
Length Unit * version V11.1

| millimeter - compatible with SPEED 9.1

Mesh Density (0 <value <1) =
| 05 ‘ You will design a Brushless PM Motor.

This box will help vou to understand the parametrization.

Infinite box
Infinite box

Inner radius (in % of Rad3) *

[110.0 |
Outer radius (in % of Rad3)*

[140.0 |
With shaft *

‘Yes '|

| ok || cancel || Picwre

5 J\ ALTAIR



Flux - Brushless:

Geometry

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

Each parameter

& New MotorBPM

MName *
[ERUSHLESS |

General | Airgan | Rator | Stator ', Winding ',

Airgap (GAP) 7

[1o |
Excentricities and Periodicities

[1. without excentricity -]
Use Periodicities *

‘fes

Ing Aitgap
[t tavers airuap
one_layer_airgap
i _layers_airgap
three_layers_airgap

Is explained by a picture

|4,_Q| 0K || Cancel |H| Picture

Brushless PM motor

Not Excentric
Parameter Rotating Airgap

/\ ALTAIR
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Flux - Brushless: Geometry

& New MotorBPM

| Brushless PM motor

[BRUSHLESS
General ' Alrgap\Rulur\slatur\Wmdmg\ .

version V3
compatible with SPEED 9.0

gap
[0.503 ) ] |
Nniacaiaibe®r | Perindicities
Yo will design a Brushless PI Motor.

i t
— t;n Ly This box will help you to understand the parametrization.
Use Perindicities

|Yes i '|

< [two_lavers_airgap W -

|,_z] | 0K | | Cancel m| Picture

/\ ALTAIR
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Flux - Brushless: Rotor geometry

x
Mame *
[BRUSHLESS  ge— |
: Brushless PM motor
General 'y Aggap Rotor\st I winding .
Rotar version V3
Magnet shape \ General | compatible with SPEED 2.0
> | RatarsurfRad 'l You will design a Brushless FIvl Iator.
General \ Embedded maanet type ‘\ This box will help you to understand the parametrization
Shaft radius (RadSH) *
[100 |

Thickness of maonet (L) *

> [55 |

Magnet pole arc (Betad) [Degy] *

> [150.0 |

Mummber of magnet per pole (Nmbp) *

[ |

j |,_Q | oK | | Cancel |ﬂ| Picture

/\ ALTAIR
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Flux - Brushless: Rotor geometry

x
MHame *
BRUSHLESS
| ' Brushless PM motor
General \Alrgap )i RDtDr\Etatnr\Wmmng\
Fator version V3
Wagnet shape Goneral | compatible with SPEED 8.0
NI i @ 3126 (P OILEE) = Fou will design a Brushless PM Mator.
|4 | This box will help you to understand the parametrization
Rotar external radius {rad1) *
[z50 |
Raotor shift angle (Rotorang) [Cea] =
[0 |
|,_g | oK H Cancel m Picture
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Flux - Brushless: Stator geometry

Mame *
|brushiess |

eneral ', Airga) or " Stator | Wwinlin
Soaorom \W) & StatorSquare

Slot shape \ General \ Parameter FILSB
StalosRakass Slot bottom fillet radius

B2
abllenth -

— 12.07 |
Stator tooth width (TWS)*
# |2 76 ‘
Slot Opening (30) *
# | 0.92 ‘
Radial depth (TGD) *
[1.0 |
Undercut angle (SOANG) [Deg] *
[200 \
Tooth fillet radius near stator slot opening (FILSO) *
o \
Slot bottom fillet radius (FILSB) *
[o |
Ui
I |

| oK | | Cancel m Picture
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Flux - Brushless: Stator geometry

6 New MotorBPM x|
Mame *
[BRUSHLESS |
: Brushless PM motor
General | Airgap ', Rotar Stator\Wmdmg\ .
Statar version V3
compatible with SPEED 2.0
Slot shgge
' L2 G SR N ysun &Y= You will design a Brushless PIV Iatar.
| 24 ‘ This box will help you to understand the parametrization.
LamEhape
[circie -
Stator outer radius (RAD3) *
— [48

Stator configuration *

Morrnal "
Stator angle (StatorAng) [Deg] *
[0n |
|&] | oK | | Cancel |ﬂ| Picture

/\ ALTAIR



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

Flux - Brushless: Winding

& New MotorBPM

x|
MNarne *
[omuatas S‘ ‘! ' Brushless PM motor
General \Airgap \ Rot Stator Winding \
~Winding
Winding

version V3
compatible with SPEED 9.0

| Clazsical winding 'l Vo will design a Brushless PM Mator
‘N?‘umber of phases | This box will help you to understand the parametrization.

Classical winding type

[ zoncentric winding per pole

q

>

' Throw ™
#

E |

Murnber of coils per pole per phase *
[1 |
oils pmmt incase of two layers *

|superimpused ? "

|)j | K | | Cancel N‘ Picture

12
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Flux - Brushless: Face regions

FACE REGIONS ARE AUTOMATICALLY CREATED

13 2\ ALTAIR
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Flux - Brushless: Mesh

Project  View Select Display Help Import  Mesh
EEFEY EIETE
5| General data 'J; % g B 2| B . |7|7

£3 BFM Mot

L B F il e B Ry W R, B b B B ke g

’B Delete

=% Delete mesh o
Selectall

% Display PyFlux command
Y List

&) Entity used by

€3 ML export

€3 Python export

€3 TXT export

€3 Excel export

€3 Copyto cliphoard
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Flux - Brushless: Leaving the overlay

Project  “iew Select  Display Help  Import Mesh

1 I |
E}| izeneral data Leave overlay without closing itLH . B

- €% BPM Motor

15
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Flux - Brushless: Define transient magnetic application

Yiewy Display Select Geometry  Mesh  Phwsics  Owerlay  Tools  Help
Magnetic He Magneto Static 20
e — Electric b Steady State AC Magnetic 2D
@ Thermal oA [ wijth H normal (FluxZD soker)

Thetmal Coupli

1 Geametry

& Define Transient Magnetic 2D application

Definition |, Salver | Goils Goeficient |

~20 domain type

|2D nlane

Length Unit*

[MILLIMETER

Depth of the domain *

[50.308

@[ o | il

Cancel

16

VIS LTSI e Tt

et T ermm 20 (Flux3D Salver)

O Define Transient Magnetic 2D application

Definition ', Solver ', Coils Coefiicient” Transient initialization |
|—Type of initialization

| Initialized by static computation

Cancel

Il

® |

J\ ALTAIR



Flux - Brushless: Define magnets

17

Tools  Help

= Infinite box
nn Periodicity
sl Symmetry
@ Daomain options

Material

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

O Edit Material[MAGNET] x|
-

<mGNﬁaterial *

omment

BiH) | JE) | DEY | KM |\ RCPM Y,
rMagnetic property
Magneti
: Linear magnet described by the Br module

0.401

ive permeahility *
1.071

7\

J\ ALTAIR
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Flux - Brushless: Define magnets

O Edit Material[NLSTEEL] X

ame o tetial
< NLSTEEL
~—r

| |

BH) |JE) | DEY | KT | RCP(T) | Mass density |
~iannetic property

annetic ety

sotropic analg® saturation (arcty, 2 coef) "
Initial refatve permeakility*

AED) 0
>~

g magnetization (T *

0]

<~ 199

E;i Ok, ? Anply Cancel H @ Picture
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Flux - Brushless: Mechanical set

- Tools  Help

8 oo Infinite hox
1 o Periodicity
£ Symmetry
& Domain options

Mechanical set

* Rotor:

- v v v

Wb Material

* Rotation around Z axis
* Pivot point : (0,0) in XY1

Palatizatian law
o Point region
< Line region
A Face region
& volume region * Imposed speed (1/6rpm=1°/1s)
g.c'g’ Electric loop cut

+® Wagnetic circuit cut

* Position attimet=0s: 0°

* ¥ ¥ ¥ ¥ wv v wv w

Electric terminal

& Mon meshed coil » ° |nel‘tla :1.547 E-4 kgm2
£¥ Mechanical set

& Source magnetic field »

‘B Electrical components M
v
(o] |

* Resistive torque : 0 N.m

04 Gircuit b %3 Delete » Stator : fixed

3 Force delets

wf variation parameter »

19 J\ ALTAIR
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Flux - Brushless: Mechanical set

Edit Mechanical set[ROTOR]

x X
narne * Mechanical set name *
‘@ | [rotar |
‘C | Comment |
rTvpe of mechanical set ~Type of mechanical set
|Rntatinn around one axis '| |Rmatlnn around one axis '|
Axis | Kinematics |, Lo
= rType ol RIS ©
<. Rotation around one axis parallel to Oz ) '| |Imposed Speed '|
\ Internal characteristics \ External characteristics \ Mechanical stops \
o -|[»] s
Pivat point ula or value 16 |
e O ) e |
g
Mechanical set sub-system
E &
ok | ‘ Apply | | Cancel m‘ @ | | 0K, | | cancel |H| @ | ‘

J\ ALTAIR



Flux - Brushless: Mechanical set

21

Mechanical set name *

rotor

Comment

~Type of mechanical set

|Rulahun around one axis

Ayis Kmematms\

r Tvpe of kinematic

mal characteristics \ Mechanical stops \

‘
QUinertia and resistive torqug "
o]
Resistive targue (N.m;
prewm n iconstant or evolving fartmula) *
i Il

Mechanical set sub-system

[ ooy |

L& |

Cancel

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

O New Mechanical set

Mechanical set name *

‘ rotor

Caomment

- Type of mechanical set

[Rotation around ore axis

Ais ' Kinematics \

rType of kinematic:

[imposed speed

' External characteristics

General\lnlemal characterist chaﬂicalstups\

»)

Ineria and resistive torgu

e targue (b
ession (constant or evolying formula) =

Cancel M‘ ] |

J\ ALTAIR



Flux - Brushless: Mechanical set

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

sel
o+
< | stator

1= !gi Efmechanica\ et
Fixed ;

| Ok | ‘ Cancel |H| @

22
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Flux - Brushless: Region for cogging torque

23

Rotor

Shaft, Rotor_air

Magnet_1 Pole_1

Rotating_airgap

Magnetic non
conducting

Air or vacuum

Magnetic non
conducting

Air or vacuum

nisteel

Magnet
Positive Radial

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

Rotor

Rotor

Rotor

Stator

2\ ALTAIR
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Flux - Brushless: Region for cogging torque

24

Stator Magnetic non nisteel Stator
conducting
Phase_pos_1,phase_neg_1, Air or vacuum / Stator

phase_pos_2,phase_neg_3

Stator_air, Wedge, Infinite, Preslot  Air or vacuum / Stator

2\ ALTAIR
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Flux - Brushless: Orient magnet

25

- Tools  Help

== Infinite box
i Periodicity
siy Syrmmetry
@ Domain options

* ¥ v v

&R New
FE Edit

»
wH Delete

material

FPolarization law

o Faintregion
< Line region
- Face region
‘ Yolume region

[ ",

w8 Farce delete

LR
CuFi

v ow w o w v B

& Orient material for Face region

Criented type

Qrient region's materials
B = IS0TROPE
& ROTOR
B STATOR
B & UNIDIRECTIOMALMAGNETIZATION
B MAGHET_1

| 01 J| Cancel JH|

_ _ 2\ ALTAIR
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Flux - Brushless: Solving for cogging torque
x|

Mame ofthe solving scenario * |cogging | Commment | |

Contral of transient state \ Contral ofparameters\
~Contral type of transient salving process

) Cantral by time

@ Control by positon of mechanical set |ROTOR -
FParameter control \ Ligt of resulting values \

rinterval definition rIntervals table
Laoweer limit Lawer limit | Higher limit Method values
Higher limit
YWariation method Step value -
Stap value [0.5 |

Clear last interyal
| Ok | | Appky | | Cancel |H| @ |

26 J\ ALTAIR
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Flux - Brushless: Solving for cogging torque

£ New Solying Scenario |
Mame ofthe solving scenario * |c0gging | Comment | |
Control of transient state \ Cantral of parameters\
—Contral type oftransient soling process
0 Cantral by tirme
@ Caontral by positon of mechanical set |ROTOR -
Pararmeter contral * List of resulting values |
Synthesi =
alues
Mumber of required computations ; 61 i a
Walidity domain : J-Infinity, +Infinity[ 0.5
Variation direction : ascending 12
2.0
2.8
3.0
3.4
4.0
4.5
5.0
a.5
6.0
.5
7.0
7.8 [ |
8.0 =
(0154 | | Apphy | | cancel |H| & |

27 J\ ALTAIR



Flux - Brushless: Results for cogging torque

28

COGGING_TORQUE_2D

TorqueElecMag(ROTOR)
sE\:cr.ﬁE( RRRRR ) 1 12 .
DDDDDD /
VVVVV / /
v >

RRRRR
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BACK EMF
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Flux - Brushless: Circuit for back emf computation

Coilconductor_1,
Coilconductor_2,
Coilconductor_3

R1, R2, R3, R4

J L
i]
Ejé

O [}
) —
Inductor_1,
Inductor_2,
Inductor_3

Resistance: 0.141
Ohm

Resistance : 10000
Ohm

Inductance : 31e-6
Henry

30
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Flux - Brushless: Mechanical set
Mechanical set
* Rotor:
* Imposed speed : 500 rpm
* Rotation around Z axis (0,0) in XY1
* Inertia: 1.547E-4 kgm2

« Stator : fixed

31 /\ ALTAIR



Flux - Brushless: Coil

32

Phase_pos_
1

Phase _neg_
1

Phase_pos_
2

Phase_neg_
3

Coil conductor

Coil conductor

Coil conductor

Coil conductor

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

regions for back emf

Orientation,
Number of turns,
Associated component,
Symmetries

Orientation,
Number of turns,
Associated component,
Symmetries

Orientation,
Number of turns,
Associated component,
Symmetries

Orientation,
Number of turns,
Associated component,
Symmetries

Positive,
10,
Coilconductor_1,
All in series

Negative,
10,
Coilconductor_1,
All in series

Positive,
20,
Coilconductor_2,
All in series

Negative,
20,
Coilconductor_3,
All in series

Stator

Stator

Stator

Stator

J\ ALTAIR
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Flux - Brushless: Solving for back emf
x|

Marme of the solving scenario ® |Back_emf | Caormrment | |

Control of transient state ‘l\ Control of pararmeters \
~Cuontrol type of transient solving process

1 Cantral by time

@ Control by pasiton of mechanical set |[ROTOR ~
FParameter contral \ List of resulting values \'\
rInterval definition rIntervals takle
Lawer limit [00 | Lower limit | Higher limit Method Values
Higher limit [120 |
*ariation method |Step value '|
Stepwalue |3-T5| |

Clear last interval

| oK | | Apply | | cancel |H| @ |

33 J\ ALTAIR
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Flux - Brushless: Solving for back emf

x|
MNarne of the solving scenario * |Elack_emf | Comment | |
Caontral of transient state \l Control of parameters \
rControl type of transient salving process
) Cantral by time
® Cantral by positon of mechanical set |ROTOR -
Parameter control * List of resulting values \
Synthesis
. . Walues
Mumber of required computations : 49 on 2
Walidity domain : ]-Infinity, +Infinity] 3.75
Variation direction : ascending 7.5
11.24
15.0
18.75
22.5
26.25
30.0
33748
37.5
41.25
45.0
48.75
52.8
56.25 [ |
60.0 i
| | Cancel |H | @ |
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Flux - Brushless: B color shade

35

M
—

Isovalues
1.121
1.055

989.070 E-3
823.132 E-3
857. 194 E-3
791.Z2568 E-3
725.318 E-3

n g59.380 E-3

Q

B 593. 442 E-3

=

-

527.504 E-3

m 4581. 56868 E-3

395. 628 E-3
329. 690 E-3
263. 752 E-3
197.814 E-3
131. 878 E-3

65.938 E-3

137. 962 E—120

© Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.
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Flux - Brushless: Results for back emf

VOLTAGES
U(COILCONDUCTOR_1)
[coILCONDLCTOR 1)
- = “®ucoiLcanpucToR
uuuuu
o /—" '\—\
. \\
=
Reset Soom someo 750080 100 2500 “e00m oo P Anopos_RoTORS
U(COILCONDUCTOR_2)
[icoiLconpucToR 2
! padies o —— ®UcoILsoNDUCTOR ¥
uuuuu
y /
\ % ~ .
Reset 25 coEn somen 750080 100.0E0 125060 o0 wsom ’ ANGPOS_ROTOR1
U(COILCONDUCTOR_3)
I 2 =S, - o ucoconucTon ¥
| 7 \_\_ —Z
= / ~ e ———
\\ //
o
\‘\‘\ /_/.__./'
= = 5
Reset o) smE0 o000 100080 125080 o008 wsbEn ”_ANGPOS_ROTOR1

The goal is to note the positive zero crossing voltage position for each
voltage

And to deduce the switching angle strategy

5 ____ JNEA
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CONSTANT SPEED
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Flux - Brushless: Switching strategy

e Phasel:2°

* Phase 2:62° SWi 17 7
* Phase 3:122° SW2 47 107
The strategy is that each phase has to be ON for one
third (60°) of the period (here 180° mechanical SW3 77 137
degrees)
On the positive part which represents 90°, we select SW4 107 167
the midle part
Switch 1 and switch 4 are opposite SW> 137 17
SW6 167 47

38 J\ ALTAIR



Flux - Brushless: Circuit for constant speed

39

SW1

SW3

SW5

SW4

SW6

SW2

B1, B2, B3
L1, L2, L3
VSOURCE

V1,V2,V3, V4, V5,V6

SWi1
SW2
SW3
Sw4
SW5
SWe

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

Resistance : 0.141
31e-6 henry
24V

3.2V

(17,77,180)
(47,107,180)
(77,137,180)
(107,167,180)
(137,17,180)
(167,47,180)

2\ ALTAIR



Flux - Brushless: Switching command

40

& New I/0 parameter

MHame ofthe 10 parameter *

| position_0_180

Carmment

~Type of i parameter

|F'arameter defined by a farmula

Expression *

|MDduID(AngF'Ds{ROTOR},1EHZI}

5| Qi Cancel

L

(5} Edit Physical paramete

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

Mame of the Physical parameter
SW1

Comment

Definition | Property |,

r Type of Physical parameter

| FParameter defined by a formula

Expression *

| Yalid(POSITION_0_180,17,77)

J\ ALTAIR
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Flux - Brushless: Switching command

41

@) Edit Switch[SW_1]

@ Edit Switch[SW_1]

Comment

Property ', Terminals ', Appearance ', Evaluated information '

|Switch with on state resistance and off state resistance

Model \Tum on command\
0On state resistance (Ohm) *

[1E-4 |7l
Off state resistance (Ohm) *

[1E4 |7l
Ao [| sy || cone

Switch name *

fov_1

Comment

Property \ Terminals \Appearance \ Evaluated information \

|Switch with on state resistance and off state resistance

Model * Turn on command |
- Switch command

|Command by formula (command if expression is =0)
Expression *

E

ok | ey [ concd

J\ ALTAIR



Flux - Brushless:

(s} Edit Physical parameter[SW2]

Switching command

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

©

Edit Physical ;;arameter[SWd]

-
MName of the Physical parameter * Mame of the Physical parameter * MName of the Physical parameter *
52 ST Swd |
|Cornmer11 Comment Comment
Definition ', Property | Definition | Property | Definition ' Property '
" Type of Physical parameter - Type of Physical parameter - Type of Physical parameter
Parameter defined by a formula | Parameter defined by a formula |Parameter defined by a formula -|
Expression ™ Expression * Expression *
| WValid(POSITION_0_180,47,107) |‘u"a|id(F*DSITIDN_U_'1 80,77.137) | Valid(POSITION_0_180,107 167) || ) |
|
l| |
i |
]
1
H |
| [ |
Lo [ mey || el |

J\ ALTAIR



Flux - Brushless: Switching command

43
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@) Edit Physical parameter[SW5]
r

e

@) Edit Physical parameter[SWE]
r

Mame ofthe Physical parameter *

EE

Comment

Definition ‘\ F'ropernf\

r Type of Physical parameter

| Parameter defined by a formula

vl

Expression *

[_180,137,180)+Valid{POSITION_0_180,0,17)| )|

Mame of the Physical parameter *

W6

Comment

Definition \ F'roperry‘\‘

r Type of Physical parameter

| Parameter defined by a farmula

- |

Expression *

[_180,167,180)+Valid(POSITION_0_180,0,47) | )|

J\ ALTAIR



Flux - Brushless: Switching command

.o Edit Switch[SW_1,5W_3,5W_5,5W_4,SW_6,SW 2]

44

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

Entities Modify al SW_1 SW_3 SW_S SW_4 SW_6 sw_2
B {3 switch
{3 5witch name = sw_1 sw_3 sw_s Swi_4 SW_6 sw_2
{3 Comment
El @ ist terminal / 2nd terminal
{3 interrupteur bornes_0 * EQUIF 4 EQUIF 4 EQUIF 4 EQUIPOTENTIAL_12 EQUIPOTENTIAL_3 EQUIPOTENTIAL_5
@ interrupteur bornes_1* EQUIPOTENTIAL_12 EQUIPOTENTIAL_3 EQUIPOTENTIAL_S EQUIPOTENTIAL 9 EQUIPOTENTIAL_9 EQUIPOTENTIAL_9
El b Graphical description of the switch
{® Rotation angle of the companent * Tritial values 1.57079633 1.57079633 1.57079633 1.57073633 1.57073633 1.57079633
= % Coordinates of global coordinate system of the andt
{® graph_comp_i.coord_pt_acc_glob_0 * Tritial values -830.0 7400 530.0 -830.0 -740.0 530.0
{® graph_comp_i.coord_pt_acc_glob_t = Initial values -160.0 -160.0 -170.0 80.0 80.0 0.0
El {J) 5ub types Tnitial values Switch Switch with Switch with with on with on Switch with on state resistan...
1 {3 Switch with on state resistance and off state resist Switch Switch with Switch with with on with on Switch with on state resistan...
B {3 Switch command =
= (3 Subtypes Tnitial values [« formula (comm... | C formula (comm... | € formula (comm... | Command by formua {comm... | Command by formula (comm... |C formula (comm...
E (3 Command by formula (command if expr C formula (comm. .| G formula (comm... | € formula (comm... | Command by formula {comm... | Command by formula (comm... |C formula (comm...
{3 Command by formula {command if ¢ SW1 SW3 SWS SW4 SWE w2
{3 On state resistance (Ohm) * 1E-4 1E-4 1E-4 4 E4 1E4
{3 off state resistance (Chm) * 1E4 1E4 1E4 14 1E4 1E4

o]

T | ===
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Mame ofthe solving scenario * |Speed_500

Cantrol of transient state \ Control of parameters \

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

Comment|

~Contral type of transient salving process
® Caontraol by time

) Control by positon of mechanical set |ROTOR

Parameter cantral \ List of resulting values \

rinterval definition

~Interrals table

Lower limit [0.0 | Lower limit | Higher limit Method values
Higher limit [0.08 |
Yariation method |Step value v|
Stepalue |1.259-3 |
Clear last interval
| 8] 24 | | Apply | | Cancel |H| @ |
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x|
Name ofthe soling scenario * | speed_500 | comment | |
Control of transient state \\ Cantrol of parameters \
~Contral type of transient solving process
® Cantral by time
) Control by positon of mechanical set |ROTOR -
Parameter contral * List of resulting values \l\
Synthesi
) ) Values
Mumber of required computations : 49 oo -
Walidity domain : J-Infinity, +Infinity 0.00135
“ariation direction : ascending 0.0025
0.00375
0.005
0.006325
0.0075
0.00874
0.01
0.01125
0.0125
0.01374
0.015
0.01625
0.0175
0.01874 |
0.0z e’
| Ok | | Apply | | Cancel |H |
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TORQUE

TORQUE

TorqueElecMag(ROTOR)
TOR)
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N\
\

\

N\
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N\

V
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CURRENTS
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CURRENTS
(COILCONDUCTOR_1)
HCOILCONDUCTOR_1)
* r/‘ W—‘—'_—\ oons
S~ S~ ]
Resst noea oea Dmes amea somes ¥ TiME : Time (5)

(COILCONDUCTOR_2)

(COILCONDUCTOR_2)
-

/A\~<>-..._._/

A
\‘*

Resel mocE 3

2000E3

;moE3

mmea oomEz

»
T TiME Time i)

# (conconpucTor_2

(COILCONDUCTOR_3)

(CUILEDN[jHO-R;!L—Q—.

\

———

\

Resel mocE 3

000E3

;moE3

mmea oomez

»
¥ TiME Time i)

# (COLCONDUCTOR_3)

2\ ALTAIR



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

STARTING

J\ ALTAIR



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

Flux - Brushless: Mechanical set for starting

Mechanical set

50

Rotor :

* Coupled load

 rotation around Z axis (0,0) in XY1

* Inertia: 1.547E-4 kgm2

* Viscous friction coefficient 0.02*Pi/180 Nms (other coefficients equal to 0)
« Constant torque of 1.2 Nm applied after 0.03s

Stator : fixed

J\ ALTAIR
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Flux - Brushless: Mechanical set for starting
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& Edit Mechanical set[ROTOR]

Mechanical set namea *

[RoTOR

Comment

~Type of mechanical set

|Rntatinn around one axis

Avis " Kinematics |
Type of kinematics

|Cuup|ed load

General " Internal characteristics \ External characteristics |, Mechanical stops ',

~Type of load

||ner1ia, friction coeficients and spring

Moment of inertia (ka.m2)

|3 8675E-5%4

Friction
Caonstant friction coefficient (M. *

| 1.2"/alid(TIME,0.03,1)

|0

Viscous friction coefficient (proporional to speed) (N.m.sidegreg) *

|0.02°Fipi 80

|0

Friction coefiicient propartional to the sgquare speed (N.m.s2idegree) *

[0

| 0]

Spring
[ Spring
Spring constant (N midegree) *

Initial stretchinaicompression of the spring fposition at rest (degree) *

echanical set sub-system

13| | 0k || Anply || Cancel |ﬂ| @ |
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x|
Name ofthe solving scenario * | Starting | comment | |
Caontral of transient state \\‘ Contral of parameters \
~Contral type oftransient solving process
® Contral by time
i) Control by positon of mechanical set |
Parametercomrol\l_ist of resulting \ralues\
~Interval definition ~Intervals table
Lawer limit [0.0 | Lawer limit | Higher limit Methad Values
Higher limit [0.05 |
Yariation method |Step value 'l
Step value |Se—4 |
Clear lastinterval
| Ol | | Apply | | Cancel |H| @ |
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x|
Mame of the solving scenario * |Star‘[ing | Comment | |
Caontral oftransient state \ Control of parameters \
rcantral type of transient salving process
® Cantrol by time
) Caontral by positon of mechanical set | -
Parameter control * List of resulting \ralues\
Synthesis
. ) Yalues
Mumber of reguired computations : 101 i D
Walidity dormain : J-Infinity, +Infinity[ 0.0005
Wariation direction : ascending 0.001
0.0014
0.00z
0.0025
0.003
0.0035
0.004
0.0045
0.005
0.0054
0.006
0.0065
0.0a7
0.0074 -
0.008 b
| [o]34 | | Apply | | Cancel |H|
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SPEED

. Results for starting

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

AngSpeed(ROTOR)/6

MECHANICS

[AnaSpeed(ROTOR)IG
FN

WM\

8- angSpeed ROTORYE

»
Ld

Reset

4000E-3 TIME : Time (s)
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CURRENTS. 3D
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CONCLUSION
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Flux - Brushless tutorial in new 2D
Geometry and mesh with BPM Overlay
2D case

+ Cogging torque

. Back emf Isovalues
121
+ Constant speed Sz
.070 E-3
« Starting and adding a load .132 E-3
.194 E-3
. 256 E-3
. . 3 .318 E-3
Other possible computations m 659.380 E-3
= . 442 E-3
» Parametric computation ki .504 E-3
. m .566 E-3
« Torque versus current and position 678 B-3
. . 690 E-3
* Inductance versus current and position -
. .814 E-3
+ Default analysis o7e 5oz
E-3
E-1

« Short circuit on phases

e Inter-turns short circuit
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