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1. Introduction

Modeling objectives

Performance study of an inset magnet PMSM

Transient magnetic analysis

Steady-state thermal analysis

Comparison with measurement results

Temperatures in critical points
Phase voltages and currents
Magnetic torque

Power balance and losses
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1. Introduction

About the machine: IKERMAQ
* Permanent Magnet Synchronous Machine
« Sensor positioning in prototype
* Thermocouples in coil, magnets, and housing

» Test coils to evaluate magnetic flux in teeth and
yoke

* Inset geometry

* Magnets are embedded in rotor but very close
to the air gap

Parameter
Power
Speed
Torque
EMF (phase)
Current (phase)
External stator radius
Effective length
Pole pairs number
Slots number
Internal stator radius

Airgap

IkerMAQ
75 kW
1080 rpm
700 Nm
293V,
87 Ane
0.188 m
0.31m
5
45
0.139m

2.5 mm
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1. Introduction

Operating point of the machine

Operating point selected according to the test-bench
Operating in generator mode

Mechanical input: external driven machine

Speed 1080 rpm

Electric output: passive RL load

Torque 452 Nm
R load 2.28 Q

L load 3.165 mH

Passive RL load
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1. Introduction

Start a new project in Flux 2D

Altair Flux™ . 2\ ALTAIR

Open project . Step ACtI O n
Open example o

1 Open Flux supervisor

Select the [2D]
simulation context

3 Click on [New project]

Click on
[Start a new project]

4)

Start a new project

T Ootic ol Material — & P e-Machin
BT options 8 Manager & Unit Manager 4 skin depth e
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1. Introduction

Start a new project in Flux 2D

L Click on the icon % to close the
Flux Sketch context

[ — P &
DR e S R S LSk JE I L X XX kL Y5 oot
ot e oo
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2. MAGNETIC ANALYSIS
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2.1 GEOMETRY AND MESHING
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2.1 Magnetic Analysis: Geometry and meshing

-w‘mhm Getizay (M0 RhEm YAy oo SR S EiRews Ry 0Impor‘tgeometryfromaSTEPfi\e(advan(e... X
b b i

[ iy ™ # so | G dy dm| B e o :
2.1.1 Import the geometry N e T A e

B Close = @ . e File name *
Recent projects » e aricasd [IkertA0. STEP |E(23

|l Save ctrl-s Coordin for geometry attachment N
i e o (3) EID|
# Command file » Seale facto

Import the IkerMAQ motor geometry 7 = ' 10 |

. . . AR Oy b Center the geometry
1 by clicking on [Project] —[Import] — RS Cyes
[Import geometry] — [Import geometry |22 I e R A o
from a STEP file (advanced mode)] oo R G el
Import geametry from a FED file (FLUXZD)

Import geometry from a IGES file (advanced mode)

C|ICk On the |C0n EI 5 and Iocate the Import geometry from a Invenkor File

. m 0 Import geometry From a ProE fils
file “IkerMAQ.STEP T from  STEP e (4
port gsometry from a STL file

0 Import geometry from a STEP file (advance.. X [mport geometry from a PARASOLID File

3 Select “XY1” as the coordinate system — S
General Entities | healing | Assembly | mport geametry from a SOLIDWORKS file
. .. . Import solids * mport geometry from a DiF file (advanced mode)
Click on [Entities] tab, import the faces, gyes
. . . . . no
4 lines, and |ny|S|bIe entities, and DO mportfee faces *
NOT import the solids g

Impart free lines *

5 Click on [OK] e

Import invisible entities *
® yes
) no

| 'q(‘ H Cancel H| ® || | L}
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2.1 Magnetic Analysis: Geometry and meshing

2.1.2 Create the infinite box
¢ Create a new Infinite box

-P'ro;iect Applicaton ~ Geometry Mesh Physics Display View Select Tools Extensions Help
B2~ @& = ™ b omlie s Bl 2K @
|_— | |eraphic

Data Tree

Right click on the Data Tree = [ceneaicata e o &
g (=[5 Geometry
1 [Geometry] — [Domain] — 5 G oo

& Periodic
% Symmetl £ Edit -
. Domain & Edt array ctrl-F
2 Select “Disc” as the type - G2 Goomence] o Diete Soppriner

G2 Meeh o S8t visble
- =

[ i i & = Physics o5 Set Invisible

3 Enter the slze |nf0rmat|0n (-2 Domain .. Complets Infinite box
(3 Regions
(3 Solver

4 CIICk on [O K] &3 Post processing S, Edit dynamics fields of instance

-3 Tools

[Infinite box], and click on [New]

Select 4l

0 MNew Infinite Box

r Type of the Infinite Box . )
( 2 ~| Infinite box disc

| Disc
Disc size | Formulaor Value o
ternal radius P
mm O o
G o I ww [ © [ ] W)
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2.1 Magnetic Analysis: Geometry and meshing

2.1.2 Create the infinite box

° Deflne the PerIOdICIty Project  Application  Geometry Mesh Physics Display View Select Tools Extensions  Help
B2 WA= ™% b e e s K

Data Tree [ — | |Graphic
- General data =@ o 2 .
(& Geometry e e e

B} Domain

Right click on the Data Tree * — \
1 [Geometry] — [Domain] — o &5 oo f i /
[Periodicity], and click on [New] 3%6”;?‘1 g
i i &-(3 Mesh Select all
5 Select “Rotation about Z axis e |EEea—
with angle of the domain” mﬁft e

3 Enter the periodicity e | R

parameters @ New Periodicity *
4 Select “Even (cyclic boundary [ Geometrical type of the periodicity

Conditions)” C )Rotation about Z axis with angle ofthe domain  ~

Induded and offset angles of the domain ] Formula ...| 7
5 C||Ck on [O K] Induded angle of the domain 72 3 ’
Offset angle with respect to the Xline (Z... @ | ) N

Ewven or odd periodicity / number of modeled poles
4 Even (cyclic boundary conditions) v|

13 G o ][ cne [ @ ]|
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2.1 Magnetic Analysis: Geometry and meshing

2.1.2 Create the infinite box

« Complete the Infinite box e Gy A ey e S o s

B2 d a2 D% e wlie s 2 v %
e [ Gt e —

5| General data e o B E

Right click on the Data Tree S S
1 [Geometry] — [Domain] - [Infinite box], ":i?i':?:f
and click on 29 g ey e
[Complete Infinite box] ﬁjw :ltm B
(3 Me s
2 Verify the setting parameters o M)
8 g _Pr::ltspmoe Select all
3 Click on [OK] G2 S

@ Edit dynamics fields of instance

=, Display PyFlux command
2 %o List
Complete Infinite box * P

Infinite Box * <o XML export
. A ee Pythan export
| InfiniteBoxDisc i | m oo THT sxport
Building eptions for propagation * e Bl et
" " Capy to clipboard
|Add Volumes. Faces, Lines and Points - =

Coordinates system of points creation *

3071 ~|[ 2]
Periodicity == Associated link mesh *
|Add link mesh associated v|

y B_o [ o= [ ® |
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2.1 Magnetic Analysis: Geometry and meshing

2.1.3 Mesh generation process

¢ Create Mesh lines

Right click on the Data Tree
1 [Mesh] — [Meshing tools] -
[Mesh line], and click on [New]

Create the following five
Mesh lines

HALF_MAGNET_BOTTOM  Arithmetic 25
MAGNET_BOTTOM Arithmetic 50
MAGNET_BRIDGE Arithmetic 20
SLOT Arithmetic 20
SLOT_OPENING Arithmetic 5

15

Project  Applcation  Geometry Mesh Physics Display View Select Tools

B ESA 2 )% s
=

Data Tree
=) General data.

EX1

=

{3 Geometry

(& mesh

B+ Meshing tools
< Mesh point

£3 re| i Edit
-3 Mesh o G Edit array
oo Mesh d X e pefete

N

Col-F

Supprimer

£3 Mesh v
23 Physics i Farce delete Maj-Supprimer
(3 solver Select all
.03 Post proces
£3 Tools & Edit dynanics fislds of instance
(3 Extensions

= Display PyFlux command

& Find usages
S KL export
#* Python export
L TXT export

= List El- 2t Meshline

- AIDED_MESHLINE
i~ HALF_MAGNET_BOTTOM
{- INFINITE_BOX_MESH_GEN
i~ MAGNET_BOTTOM
|- MAGNET_ERIDGE

@ New Mesh Line

@ New Mesh Line

MName of the Mesh Line *

HALF_MAGNET_BOTTOM

Name of the Mesh Line *

MAGNET_BOTTOM

Comment Comment |
Definition ' Appearance | Definition | Appearance '
r Type of the Mesh Line  Type of the Mesh Line
‘Aﬂlhmsl\c " |Amnmetm "
Number of segments (of = Number of segments (of elements) *
[2s | ES |

L Excel export i-5LOT
R L R = | e | = I N = S ==
@ New Mesh Line % | | @ New Mesh Line I yv— ;
Name ofthe Mesh Line * Name ofthe Mesh Line * Name of the Mesh Line *
[mAGHET_BRIDGE] = S l
Comment ‘ Comment Lwor.or
|
Definition | Appearance ', Definition | Appezrance | e —
r Type of the Mesh Line r Type of the Mesh Line Lol
[arithmetic - [arithmetic = o :
Number of (of elements) * Number of (of elements) * T
20 ‘ e | : l
G o ]| e || @ | B e [ e I ® | B = 1 T |




2.1 Magnetic Analysis: Geometry and meshing

2.1.3 Mesh generation process

Assign Mesh lines to Lines

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

Project  Applicaton Geometry Mesh Physics Display  View Select Tools Extensions  Help

B2 W& = mls ¥ FurnrilLiasy

-

Bl % &

Click on the icon ]H to
change to Mesh toolbar

Click on the icon * to assign
Mesh line to Lines

Click on [Mesh] — [Assign mesh
information] — [Assign mesh
point/line/generator] — [Assign mesh line
to lines]

16

Project  Application  Geometry

Physics Display View Select Tools Extensions Help

B2 a5 g‘['.nidedMesh vl wlv s m e £ B % 7 2 % g‘&|
Data Tree B’ Mesh options 13 j -
1| General data 84 skin depth computation =& o LELH i aﬂ & £|'§2‘: l._ITITH < 45'” . l? =
D Geometry - - .
-5 Mesh = Mesh point 3
£} [ Meshing tools & Mesh line 3
iz Mesh point = Mesh generator 3
B *X!Mewhe " Relaxation »

i p--AIDED_MESHLINE

INFINITE_BOX_T
- MAGNET_BOTTON

-- - Mesh generator
(3 Relaxation
-3 Mesh entities

< Mesh defects
[#-[23 Mesh visualization
(-3 Physics

-3 Solver

[#-(C3 Post processing

[

[

-1 Tools
-1 Extensions

MAGNET_BRIDGE

Assign mesh information
& Clean all mesh information
2 sStruckure mesh

Assign mesh point/

3

elgenerator

sign relaxation/shadow

w7, Assign mesh point to points

n mesh line ko lines

»
% Mesh »
’f} IMesh domain Chrl-t
B Mesh elements »
il

<# Mesh defect 3

2% Delete meshing
¥ theck mesh

Alt-K

%7 Assign mesh generator to faces (completion mode)
%7 Assign mesh generator to faces (modification mods)
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2.1 Magnetic Analysis: Geometry and meshing

2.1.3 Mesh generation process

* Assign Mesh lines to Lines

« MAGNET_BOTTOM and HALF_MAGNET_BOTTOM

Q Assign mesh line to lines 0 Azsign mesh line to lines
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2.1 Magnetic Analysis: Geometry and meshing

2.1.3 Mesh generation process

* Assign Mesh lines to Lines
- MAGNET_BRIDGE

0 Assign mesh line to lines

18 2\ ALTAIR
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2.1 Magnetic Analysis: Geometry and meshing

2.1.3 Mesh generation process

* Assign Mesh lines to Lines

« SLOT and SOLT_OPENING

0 Assign mesh line to lines 0 Assign mesh line to lines

19 J\ ALTAIR



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

2.1 Magnetic Analysis: Geometry and meshing

2.1.3 Mesh generation process

+ Mesh domain

1 Click on [Mesh] — [Mesh domain]

Project  Application  Geometry - Physics Display View Select Tools Extensions Help
B2°HE g“___o.mdedm.ash ,
Data Tree B’ Mesh options » %’ -

= l?maddala B¢ Skin depth computation = | @ @, Ei,” o

-3 Geometry

€3 Mesh +« Mesh point r
(-3 Physics & Mesh line: r
(3 Solver & Mesh generator »
-3 Post processing o
H Relaxation 3
-3 Tools <
-3 Extensions 55 Assign mesh information 3

& Clzan all mesh information
2 Structure mesh

# Mesh

.!b Mesh elements »
<# Mesh defect »

=% Delete meshing
@ Chechk mesh A1
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2.1 Magnetic Analysis: Geometry and meshing

2.1.3 Mesh generation process
* Check the mesh

. Imber of elements not evaluated 0 %
1 Click on [Mesh] — [Check mesh] _
Iuaber of excellent quality elements @ 98.97 %
Mumber of good quality elements : 0.95 %
Project Applicaton  Geometry Physice Display View Select Tools Extensions  Help i
PR g|[%mdad|wesh YN Iumber of average cquality elements 0.0 %
Data Tree (2 Mesh options Y hi umber of poor (uality elements 0%
[=|General data B¢ Skin depth computation =l & ey E‘H i
[#-C3 Geometry i [
(3 Mesh = Mesh poink 4 Iumber of nodes : 30579
3 Physics #* Mesh line » .
03 Sover Py — 5 Number of line elements @ 2514
gijf,ff""e“”g 7 Relaxation ’ Mumber of surface elements : 15238
-3 Extensions g@»\fxssignmashinFDrmatinn b Mesh order @ Znd order
& Clean all mesh information
g}a’ Struckure mesh »
# Meash 3
4 Mesh domain k-t Tips: exact number of elements may depend on Flux version
.!b Mesh elements b
~# Mesh defect D’
2% Delete meshing 1
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2.1 Magnetic Analysis: Geometry and meshing

2.1.4 Save the project
* Project name: IKERMAQ_MAG_GEOM_MESH.FLU

1S G = — =
B new -ty ) .||| E|%H T A -,.‘H

1 Click on [Project] — [Save as] FEOE [ — | |oraphic
. . : Recent projects ] 4
> Define the project name as Ten o
“IKERMAQ_GEOM_MESH.FLU" |M1) e —r——— .
. . < Command file —
Verify the location A Maro , soverrs [0 Berag SREIA
. m Cwerlay 3
4 C|ICk on [OK] o Import »
" Export 3
(38 Print 3
3 Exit Alt-F4
‘ 2 [’ﬁeuame: | KERMAQ_MAG_GEOM_MESH| |
Files of Type: | Fiux2D Project directories -
e
22
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2.2 PHYSICAL DESCRIPTION PROCESS
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2.2 Magnetic Analysis: Physical description process

2.2.1 Define the simulation application

Geometry Mesh  Physics  Display  View  Select  Tools Extensions Help

& ; PO
Magneto Static 20 :.1‘ s./. &‘H

1 Click on [Application] = [Deﬁne] — Electric » Steady State AC Magnetic 20
[Magnetic] — [Transient Magnetic 2D] 5| General data Ui gl [ransient Magnetic 20
El Geometry Thermal Coupling  » | %% Magnetic with Yelocity Term 2D
5 In the [Definition] tab, define -3 Mesh } |
“310” as the depth of the domain
3 Click on [OK]
@ Define Transient Magnetic 2D application X

Definition |, Coils Coefficient |, Transient initialization |

2D domain type

‘ZD plane '|
Length Unit*

[MLLIMETER -

Depth of the domain *
2 310 | s
o« | = ||| ® | |
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2.2 Magnetic Analysis: Physical description process

Project  Applicaton  Geometry Mesh  Physics

B2 dEA 2 ™

2.2.2 Create /O parameters Select_Tods _ Extersions

Help

#¥ Edit

Data Tree & Sensor Chrl-E
E|| General data ¥ Spatial quanticy 3 12, Bl ey ulF
= BF Delete Supprimer
E Store quantity » ;’;‘ £
. . B’ Impott parameter and quantity p | i FeE e MaiSupprimer
1 Clle on [Paramete r/QLIa.ntIty] - E" Export quantkity » Mew tabulated IfO parameter by importation of a 2D table
[I/O Param ete r] _ [NeW] :.’ U - Modify tabulated Ij0 parameter by importation of a 2D table

(23 Post processing
3 Tools
(23 Extensions

::.0. Mulkipoink suppork
~& Path
B 2D grid

Create the following five
2 “* . ”
Physical parameters

- Parameter /Quantity
E| 35- Parameter 1jO
F

[E ©pen data Import/Export context

@) New Physical parameter

@ New Physical parameter

@ New Physical parameter x

Name of the Physical parameter *

New Physical N, fthe Ph; | ter *
© New Physical parameter @ New Physical parameter D e e T Fameo e Physical parameter [N_coi |
Name ofthe Physical parameter * | L_LOAD P . ‘Commem ‘
Name ofthe Physical parameter * R_LOAD ommen Turn number
|sPEED - Eommens [Filfactor - Type of Physical
S P E E D 1080 Comment emment | [ Type of Physical w ’ i "
‘VDH‘I uhm\ ~Type of Physical parameter |Parametercantrol\edwa Fp— |Parametsrmntnil\edwa a scenario v|
(@) 2.28 i [T¥ne of Physical | Parameter controlled via a scenario T — Reference value
R_L AD . ~Type of Physical i | Parameter controlied via a scenario S ——— o2 El |
L LOAD 3 165E 3 |;a;:1metarcnlntril\sdmaascsnarln FeeeTnE B |3155E—3 .
. - eference value 2928
- [1080
B 0.29
N_COIL 9
o [ e [ © ]
[
o« |[ e || @ |

25
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2.2 Magnetic Analysis: Physical description process

2.2.3 Define the coupling circuit

. . . Stranded coil Solid conductor
+ Create the coupling circuit conductor Resistor  Inductor 2 terminals

Step Acon o H—om S

Click on [Physics] —
[Circuit] — [New]

1

rm Lim!

U o o
:

. 0 =]
Create the following coupling I Resi
2 L esistor
circult = oYY
L
Project  Application  Geometry  Mesh Parameter/Quantity  Solving Display  View  Select Toos  Extensions  Help u]
2 EE g‘ || 2o Ifinte box BN Y
— & Periodicty »
= - | o
Symmetry 3
=-|General data sk Lo L.
F1-C3 Geometry (& Domain options b ﬂ &y |7 L1
[ Mesh a
52 s o Material 3 o
) —
- Parameter/Quantity o Paint region 4
E-yf, Parameter 1/0 % Line region » o
Ciom el g 1= L Ground
oN_coL £} Mechanical set »
R_LOAD =
SPEED ) Electrical companenits
% Spatial quantity
------ & Sensor
-3 Solver = Assign regions to geometric entities » | G Import circuit from a <cir file
-3 Post processing 41 Assign coll conductor companents to regions » | 24 Import circuit From a CC5 file
-3 Tools ¥ Assign solid conductors components to regions » Import: circuit from a TXT file
[+ (3 Extensions — -
@ Display arrows on magnet e e el S
1% Delete Arrows % Delete electrical circuit
+ Load and run physics macro »
% Check physics Ale-p
2 6 “E Check drcuit Alt-C
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2.2.3 Define the coupling circuit

« Define component parameters

Double click respectively on the

1 four Stranded coil conductors

Enter the name and the
2 resistance value for each
Stranded coil conductor

@ Edit Stranded coil conductor [COILCOMD!

0 Edit Stranded coil conductor [COILCONDUCTOR_1]

|EC=

8tranded coil conductor name *

[PHA

Comment

Property \ Appearance \ Evaluated information \
‘Stranded coil conductor type

‘ Stranded coil conductor belonging to a circuit

Property \Terrnmals i
Resistance formula *
[54.4E-3)

Evaluated resistance

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

2.2 Magnetic Analysis: Physical description process

apply || cancel

Stranded coil conductor name *

Comment

Property \ Appearance \ Evaluated information \

‘Stranded coil conductor type ‘Stranded coil conductor type

‘Stranded coil conductor belonging to a circuit " ‘Stranded coil conductor belonging to a circuit "
Property \Termmals \ Property \Termmals \
Resistance formula * Resistance formula *
544E-3 [0l 54.4E-3 [ 0
Evaluated resistance Evaluated resistance

| |
27
AL o J[ ey J[ oo [| & | AL o J[ ey J[ oo [| & |

Comment

Property \ Appearance \ Evaluated information \

$Stranded coil conductor name *

TESTING_COIL

Comment

Property \ Appearance \ Evaluated information \
‘Stranded coil conductor type

‘ Stranded coil conductor belonging to a circuit

Property ', Terminals |
Resistance formula *

1E-9|

[0l

Evaluated resistance

J\ ALTAIR
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2.2.3 Define the coupling circuit
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2.2 Magnetic Analysis: Physical description process

A=) Ig0
o —
- Define component parameters ... .. w we e w
@SR 2 D™ R0 e T g
se e o -
- General da -
; = ‘;B RLCEmmDonEniS _‘ DE la'a’a) Y
Select the three load resistors T —
RESISTOR |
from the Data Tree [RLC RESISTOR )
1 : : e : N
components] — [Resistor], right |
H H H . RESISTOR] S} Edit dynamics Fields of instance g
click and click [Edit array] . e e = ma
. . . .rCapadmr ind usages
5 Modify all the Resistance value s ﬁZ'Zi?;“;’;"ﬁ o
by the parameter “R_LOAD” 0 sbestienc ) putronexpot
.03 Equpotential | B THT S50t
3 Click on [O K] - o Ground g Z:I :z:;;ua’ 4 | © Edit Resistor[RESISTOR_1, RESISTOR 2, RESISTOR_3] X
Entities ‘Modlﬁ! all RESISTOR_1 RESISTOR_2 RESISTOR_3
=l {5 Resistor
e Resistor name * RESISTOR_1 RESISTOR_2 RESISTOR_3
e Comment Initial values
[F Jresistance (ohm) = @ R_LOAD R_LOAD R_LOAD

28

= @ 1st terminal / 2nd terminal

e resistance.bornes_0 * Initial values EQUIPQTENTL. .| EQUIPOTENTL... | EQUIPCTENTL...
G resistance.bornes_1* Initial values EQUIPCOTENTI. .| EQUIPOTENTL... | EQUIPOTENTL...
= e Graphical description of the resistor Initial values
G Rotation angle of the component = Initial values 0.0 0.0 0.0
= @ Coordinates of global coordinate syst
@ araph_comp_i.coord_pt_acc_glot Initial values -130.0 -130.0 -130.0
{3 araph_comp_i.coord_pt_acc_glok Initial values  |-110.0 60,0 -10,0

[LTAIR

B el o | o ][ & _
(3)
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2.2 Magnetic Analysis: Physical description process

2.2.3 Define the coupling circuit

7= 5] BV
. | — LT
: Deflne Component parameters Project Circuit View Select Tools Help
FEAY S EEEEE R = o] LT M

Data Tree [ =]
- General data -

=3 [EvRLCcorr’pcnams p E o 0

Select the other resistors from the 7 ”SESI;OM nil

Data Tree [RLC components] — '
[Resistor], right click and click

[Edit array]

# Inductor
# Capaditor

-3 voltagefcurrent
723 FE coupling comy B Edit dynamics fislds of instance
73 Switches fsemicol
73 Rotating machin
733 Equipotential a Find usages

: Ground
3 ClICk on [OK] - o cran {] L export @ Edit Resistor[RESISTOR_4,RESISTOR_S, RESISTOR_§,RESISTOR_7,RESISTOR 8] %

ﬂl Python export

i

XEI Delete Supprimer

Modify all the Resistance value
by “1E7”

El: Display PyFlux command

Entities [ Moctfy a RESISTOR_4 RESISTOR_5 RESISTOR_6 RESISTOR_7 RESISTOR_8
EI TxT export B (@ Resistor
(] Excel export (B Resistor name = RESISTOR_4 RESISTOR_5 RESISTOR 6 RESISTOR_7 RESISTOR_8
1 Copy to cipboar {3 Comment Initial values
] 1E7] | €7 1E7 E7 1E7 E7
£ @ 1st terminal / 2nd terminal
@ resistance bomes_0 Initial values EQUIPOTENTIAL_JEQUIPOTENTIAL..| EQUIPOTENTIAL_§ EQUIPOTENTIAL_&EQUIPOTENTIAL ¢
{9 resistance.bomes_1 Tnitial values EQUIPOTENTIAL_8{EQUIPOTENTIAL_§ EQUIPOTENTIAL.. | EQUIPCTENTIAL. .| EQUIFOTENTIAL..
=1 {3 Graphical description of the resistor Initial values
{3 Rotation angle of the comporent = Initial values 0.0 0.0 0.0 0.0 0.0
E @ Coordinates of global coordinate systen
{3 graph_comp_i.coard_pt_acc_giob_ Initial values -190.0 -190.0 60.0 60.0 60.0
{3 araph_comp_j.coord_pt_acc_glob_ Initial values 40.0 90.0 -50.0 0.0 10.0
B [ e [[ e [[ ® | |
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2.2 Magnetic Analysis: Physical description process

2.2.3 Define the coupling circuit

« Define component parameters

Select the three load inductors
from the Data Tree [RLC
components] — [Inductor], right
click and click [Edit array]

Modify all the Inductance value by
parameter “‘L_LOAD”

3 Click on [OK]

30

Project Circuit  View  Select  Tools  Help

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

@[ o ue e T

Data Tree

—J
=

=] General data
[=+(Z* RLC components

- E- -

? Resistor
=} Inductor
L INDUCTOR_1
- INDUCTOR_?*

..INDUCTOR_|
#Capaabcr
73 voltage/current
i3 FE coupling comp

i} 03 Switches/semicof
103 Rotating machin
+#(3 Equipotential

#- | Ground

# Edit

*1 Delets

[]

Supprimer

B Edit dynamics fields of instance

Display PyFlux command

ML export
Prthion export
TET export
Excel export

§ Find usages
:
:
:
:
:

Copy ko clipboard

@ Edit Inductor{INDUCTOR_1,INDUCTOR _2,INDUCTOR_3] x
Entities |Mod\fy all INDUCTOR_1 [INDUCTOR_2 |INDUCTOR_3
B @ Inductor
G Inductor name * INDUCTOR_1  (INDUCTOR_2  |INDUCTOR_3
& comment Initial values
(Henry) * @ _L_Low L_LOAD L_LOAD
= @ 1st terminal / 2nd terminal
e inductance.bornes_0 * Initial values EQUIPQTENTL. .. |EQUIPCTENTL... [EQUIPOTENTL...
e inductance.bornes_1 * Initial values EQUIPQTEMTL. .. |EQUIPCTENTL... [EQUIPOTENTL...
= e Graphical description of the inductor Initial values
e Rotation angle of the component *  Initial values 0.0 0.0 0.0
= s Coordinates of global coordinate syst
i@ graph_comp_i.coord_pt_acc_glok Initial values  |-110.0 -110.0 -110.0
@ oraph_comp_i.coord_pt_acc_glot Initial values  |-110.0 -50.0 -10.0

B [ [ w= [ ®

" 4

©))
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2.2 Magnetic Analysis: Physical description process

2.2.3 Define the coupling circuit

* Close the Circuit editor context

_Nﬂ Cradt  Vew Select Toos Help
FREEL LR R R R
= [=dl B

1\ : Wl 3w B am a o o [RT B b g ub D 8O B b A |

CIICk On the ICOn ;L ﬁ“&i—; 400, -3 300, 250 200, 150 AP0 50 [] 50 190 150 200 0 3 0 ln_]
1 to close the Circuit s e /"
editor context - i = g e
seren s
= i
—T
_Jw.—'a::mw-:n ~300 250 ~200 150 100 50 q 50 100 150 200 250 a0 350 400 us? ]
= (- F|

[ corsconduccoz[PHA] modatied
CollConductar [PHB] modified
CotLeonduetaz(PHC) modstisd
Coliconductor [ TESTING_COIL] woaLlied
Resistor|[FESISTOR_1, FESISTOR_Z, BESISTOR 1) modified
esintor [FESTSTOR_I, RESTSTOR_2,FESTSTOR_3] modified
(EQULOTENTIAL 8, _8] moditied

TnuctaT [ TNDUCTOR_4] deletsd
Equipotential [EQUTPOTENTIAL 8] modificd
Ground[GRCVND_1], Cot1Cenductax [ TESTING_COTL], Tnductar[INDUCTOR_1, THDUCTOR_Z, THDUCTOR_3)and ochers ones modified
Equipotential [EULPOTENTIAL 8] deleted
Inductor [ OUCTOR_1, INDUCTOR_Z, INDUCTOR_3) moditisd

Inductor [ TRDUCTCR_L, TNDUCTCR_2, TNDUCTER_3] modified
Besiator[FESISTOR S, RESISTOR_E, BESISTOR 1, BESISTOR 8] aodified

Bes13vor [FESISTIR_S, FESISTOR 6, PESTSTOR, 7, RESLITUR 0] moditied
Besiator(FESISTOR_4] modificd

Pesiscur [FESTSTOR 4, FESISTOR S, BESTSTOR. €, PESTSTOR 7,PESTSTUR 6] modified

kl

|PyFiux Command - F[-F|

TR | = /50 [ |
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2.2.4 Create mechanical sets
* Fixed Mechanical set: STATOR

Project  Application  Geometry Mesh

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

2.2 Magnetic Analysis: Physical description process

Parameter/Quantity Solving Display View Select Tools Extensons Help

Click on [Physics] —
[Mechanical set] — [New]

LY I

Data Tree
[=}-|General data

(3 Geometry

(-3 Mesh

(23 Physics

-3 Parameter /Quantity
-3 Solver

[#-(13 Post processing

5 Define the name as 03 To
“STATOR” 5 B

w

Select the type “Fixed”
4 Click on [OK]

<o Infinite hox

i Periodicity

sy Symmetry

& Domain options

b Material

3 Paink region
< Line region
2B Face region

€} Mechanical set
"B Electrical components

4 Cireuit

= Assign regions ko geometric entities
I assign coil conductor companents to regions

49 assign solid conductors companerts to regions

»
»
>
»
>
»
»
>
>
>
»
»
»
>

FIEEENEEIEN

LA M E ey

@ New Mechanical set X
setname® 2\

| sTATOR [ { 2 )] |

Comment

#3 Edit cul-E
 Edtaray  culF
3 Delete Supprimer

3 Force delete  Maj-Supprimer

@ Display arrows on magnet
7% Delete Arrows

#  Load and run physics macro

% Chedk physics

V£ Check circuit

Altp
Al

32
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 Type of mechanical set

[Fies

©

J\ ALTAIR



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

2.2 Magnetic Analysis: Physical description process

2.2.4 Create mechanical sets
* Rotation Mechanical set: ROTOR

1 bachan setname * ‘ M:;grg:z\semame ‘
1 Create the second mechanical set, famment ‘ - |
define the name as “ROTOR” 2 e = [Fction rounone s 3
Ads | Kinematics | Axis * Kinematics |
5 Select the type as Q) i ] Tiiiias\ma \ \ —
“ = L1} TR General | Internal i External cr stoy
Rotation around one axis ot st o0 ||vm(mm,, = -
) “ . [ Pivat point [ Formula or Value | :’PEhEn ey 0
3 Select the axis as “Rotation around T o = [ — Il
one axis parallel to Oz” @
4 Define the pivot point as (0, 0)
5 In [Kinematics] tab, select the type
as “Imposed Speed”
6 Define the parameter “SPEED” as
the velocity, initial position as O. 7
7 Click on [OK] AL el o4 | o |[ e ][ ® | |
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2.2.5 Define materials for the motor

Import material (.DAT file)

34

Right click on the Data Tree
[Physics] — [Material], click
on [Import material .DAT]

Click on the [+] to release
the material list
“FLUX_111_MATERI.DAT”

Press on [Ctrl], multi-select
“FLU_ALUMINIUM”,
“FLU_COPPER”, and
“FLU_MB800_65A", click on
[Import]

*¥ Force delete Maj-Supprimer

|ata Tree [ — 1 |raphic
[} General data =l | @ @ E:
-3 Geometry R
(23 Mesh
=} Physics
-2 Domain
M
<Hil
R R New
A8 Edie Ctl-E
M B Edit array Ctrl-F
*B Delete Supprimer

Z81 Trmport from material manager
' Import material .DAT
! orient material for Face region

¢, Orient material for volume region
T8 Mew B(H) 2D curve (Material)

Select all
;:fl‘ Display PyFlux command EE Ph}'SIES
5 o om f-(3 Domain
: A .
ubh ¥ML expart : E(uFEI Material
o Piren it 1 FLU_ALUMINIUM
wfs THT et i | i-FLU_COPPER

by Excel export

FLU_M800_654

s Copy ta clipboard

& Import material DAT X

|Maberia|s
C C:\Program Files\Altair\2019Yfux \Materials

FLUX_111 MATERL.DAT
@ IMPHY_101 MATERI.DAT
@ MAGNEQUENCH_103 MATERL.DAT

A e [ owe [ @ ]
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2.2 Magnetic Analysis: Physical description process

O Import material .DAT

Materials

B (@ FLUX_111_MATERLDAT

@ FLU_1010_XC10+4RO
@ FLU_ALNICOS
& FLU_ALNICOS

= C:\Program Files\Altair\20 19 fux \Materials

FLU_ALUMINIUM

& FLU_BAKELITE
& FLU_CERAMICS

FLU_COPPER

& FLU_M1000_85D
& FLU_M1000_65DNR
@ FLU_M270_35A

@ FLU_M330_35A

& FLU_M330_35A_VALE
@ FLU_M330_55A :
@ FLU_M400_50A
& FLU_MBD0_50A
@ FLU_MBD0_55A
FLU_M300_504
FLU_M800_65A

& FLU_MU_METAL

J\ ALTAIR
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2.2 Magnetic Analysis: Physical description process

2.2.5 Define materials for the motor

* Modify material properties

Right click on the Data Tree
[Physics] — [Material] —
[FLU_COPPER],
and click on [Edit]

Modify the Default working
2 temperature value in
the [J(E)] tab

3 Click on [OK]

35

Data Tree

B | General data

(3 Geometry
(-3 Mesh
(2 Physics

£ (2 Domain
= g Infinite Box

- InfiniteBoxDisc
B g Periodidty

2 Symmetry
[ Domain options
b, fo Material
- FLU_ALUMINIUM

+}- {3 Mechanical | Jf
Al
H-E3 Electric drcf wFe DElete

Supprimer

- FLUC
~-FLU_MB00. 1
E]" (3 Regions E?!' Edit array Ctrl-F

-F-F-EE

Q‘l‘ Crient material For Face region
w Mew B(H) 2D curve (Material)

#-(1 Parameter/Qua :,?!' Farce delete Maj-Supprirner
-3 Solver

- Past processing E‘a’ Import From materisl manager

-3 Toals 248 Import material .DAT

7 -0 Extensions

g Edit dynamics fields of instance

Z! Display PyFlux command
! Find usages

abr ¥ML export
cubh Python export
cbh THT export

cbr Excel expart

cubh Copy to dipbaard

All rights reserved.

@ £dit Material[FLU_COPPER]

BH) D(E) ", K(T) ', RCP(T) ', Mass density |, Iron losses |

[ Electrical property
Electrical property

|\smmp|c resistivity, linear function of T

a (degree-1)in Rho(T) = Rhea (1 +a(T-T0)) *

0.00427

[l

Rhoa (Ohm.m)in Rho(T) = Rhoa (1 + a(T-T0)) *

[0.1564E-07

TO (reference temperature) in Rho(T) = Rhoa (1 + a(T-T0))
Temperature value *

1]

unit (by default, ion unit)

| CELSIUS_DEGREE

Default working

Temperature value *

a0

unit (by default, ion unit)

| CELSIUS_DEGREE

oy || cod ||| @

==

J\ ALTAIR
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2.2 Magnetic Analysis: Physical description process

2.2.5 Define materials for the motor

» Create the magnet material

@ New Material X @ New Material x
|Data Tree L=J NamE ofthe material * Name of the material *
- [General data = flmacneT_nDFEs l J MAGI B J
(3 Geometry Comment Caol \
5 0o vear N| ! ), \
. . B Physics
Right click on the Data Tree S ‘ 3}:2&\%)\ KT | RGP(T | Wass dersty | rontosses ot 1o k| R s sty onioses
e Infirite Box property ectrical property
H _ H . InfiniteBoxDisc Magnetic property Electrical property
1 [PhySICS] [Matel’la”. and ..ﬁ:;:::::;t: [Linear magnet described by the Br medule - [1satropic resisthity ~|
3 ; Remanent flux density (T) * Resistivity (Ohm.m) *
click on [New] - Gy o e || | [ees o
s-FLU =
. oFLUJ 8 Edi CirkE ﬁe;:“’e |70l
Define the name of the e
. © MecH fo: Delete Supprimer
2 material as =13 et 28 Force dekte EREr—

(3 Paramety
“ MAG N ET N D F E Bn B0 Solver |y Import From material manager
— 23 Post prog £58! Import material .DAT
B3 Tools | &% orient: material or face region
-3 Extensiof

T New B(H) 2D curve (Material)

Enter the material properties
in the B(H) and the J(E) tab ke ks o rnce

Z! Display PyFlux command

4 Click on [OK] -

Cufh BML expart
cubs Python export

cuby THT expart

cufy Exccel expart

S e 0 et ([ @ | e | B e

cuft Copy to dipboard

@ H Picture

36
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2.2 Magnetic Analysis: Physical description process

2.2.6 Create face regions

« Define non laminated, non magnet Face regions

1

2

3

Data Tree

Right click on the Data Tree
[Physics] - [Regions] — [Face
region], click on [New]

Define the [2D Transient
Magnetic] type

Define the Mechanical Set

(=} General data

[ — | |eraphic
-]

3 Geometry

3 Mesh

(= Physics
(-3 Domain
[y, o Material
[=}[5 Regions

S ¥Pointregion
2 < Line region

-3 Electric dreuit, Jg Edit
-3 Parameter/Quant

-3 Solver

{21 Post processing

£3 Tools
- Extensions
- Macros

-8 User overlay

------ [ servers

Chl-E
B Edt array
%P Delete

%P Force delete

=

SuppHimer

Maj-Supprimer

G Orlent material For Face region
Set Wisible:

Set Inwisible

ulg Assign coi conductor components ko Face regions

Assign salid conductors components to face regions

AIRGAP_ROTOR

SHAFT

AIRGAP_STATOR
WEDGE

AIR

INFINITE

Magnetic non conducting region

Air or vacuum region

Air or vacuum region
Air or vacuum region
Air or vacuum region
Air or vacuum region

ROTOR
FLU_ALUMINIUN ROTOR
= STATOR
- STATOR
= STATOR
= STATOR

@ New Face region

@ New Face region

X | @ Edit Face region[INFINITE] X

Name of the region *

Name of the region *

Name of the region *

|AIRGAP_ROTOR | | [aReaP_ROTOR ] |
Comment Comment Comment

| | Lininite region I

20 Transient Magnetic | |Appearance ' Mechanical Set

2D Transient Magnetic | Appearance * Mechanical Set | Evaluated information |,

" Type of region

| 4ir or vacuum region

2D Transient Magnetic | Appearance | Mechanical Set
[RoToR ~1[ b

[sTaTOR ~|[ ]

3)

INFINITE region already exists,
but its mechanical set should be
updated

[ o

][ o ]

®

[[peere |

| [

ooy [ onent ][ cwee J[ ® ][ pewre ]

[ e ]

&Y =11
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2.2 Magnetic Analysis: Physical description process

2.2.6 Create face regions

« Define magnet Face regions

MAGNET_N Solid conductor region MAGNET_NDFEB  Circuit defined SOLIDCONDUCTOR2TERMINALS_1 Positive ROTOR
MAGNET_S1 Solid conductor region  MAGNET_NDFEB  Circuit defined SOLIDCONDUCTOR2TERMINALS_2 Positive ROTOR
MAGNET_S2 Solid conductor region MAGNET_NDFEB  Circuit defined SOLIDCONDUCTOR2TERMINALS_3 Positive ROTOR

@ New Face region b4 @ New Face region X @ New Face region b4
Mame of the region * Name of the region * Mame of the region *
MAGNET_N | MAGNET_S1 | MAGNET_S2 |
Comment Comment Comment
| | |
2D Transient ic | A i ical Set 2D i ic | A i ical Set ', 2D Transient ic i ical Set'
[ Type of region [ Type of region [ Type of region
‘SUlId conductor region '| |Su\|d conductor region '| ‘Suhd conductor region "
Material of the region * Material of the region * Material of the region *
| MAGNET_nDFEB - [MAGNET NDFEB ~[[ |MAGNET NDFEB =
Circuit coupling ¢ Circuit coupling Circuit coupling
‘Circuit defined " |Circuwt defined " ‘C\rcuit defined V|
Associated solid conductor Associated solid conductor Associated solid conductor
[50LIDCONDUCTORZTERMINALS 1 =1 |souDcoNDUCTORZTERMINALS 2 ~|[ | SOLIDCONDUCTOR2TERMINALS_3 ~[[ ]
‘Posmve orientation for the current " |Posmve arientation for the current " ‘Posmve orientation for the current '|

38
' ' [ o ]| cna [ ® [] pewe | | AALTAIR
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2.2 Magnetic Analysis: Physical description process

2.2.6 Create face regions

« Define magnet Face regions

Project Appication  Geometry Mesh Parameter/Quantity Solving Display View Select Tooks Extensions Help

T ] g <o Ifinite box W L'KU =2 W?U aﬂ Eﬂuﬁﬂi‘

7 i Periodicicy

DataTree |
o ceneralda | sk Symmewy
£3 Geometry & Domain options
3 Mesh

EEI

G o[/ 4y =

[ e

(& Physics
o q £3 Doman 3 Foit region b |2 e ke
CIICk on the [PhySICS] - “cyfa Material < tine region » | B Edi array cutF
o g . (5 Regions A Face region b RE Delete Supprimer
1 [Material] — [Orient material for o dhopiy S
B4 :me region B Electrical components b | BB tmport from material manager

face reglon] i MEGAP T ] Circuit b |8 tmport materisl .DAT

[ Orient material for gion

LcoL_AN 5 ssign regions ko geometric entities

N o gio
T Y e B(H) 2D Material]
- COL_AP *9 assian coll conductor components ko regions | [T 0 B e ez

Define the oriented angle for 4 ot st oo )

Create LS material

the three magnet regions Ccover 2 o ™7 @ Orent mateiel fo face region X
grer st  Losd endrun physics md | Orient region's materials Oriented type | Coordinate sys... | Angle ¥ coordinate ¥ coordinate
3 Click on [O K] Lagmon % checkphyses [ 150TROPE

. E Check cireuic 4 COLLAN
A COL_AP
A COIL_BN
A COLL_B_P
A& COIL_C N
g COlL_C_P
B SHAFT

A TESTING_COILL_M
28 TESTING_COIL_P

[l UNIDIRECTIONALMAGNETIZATION
A MAGNET_N Direction w1 |3

A MAGNET 51 Direction Xr1 l2 180
Direction wY1 252

@ | |

J\ ALTAIR
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2.2.6 Create face regions

40

Define laminated Face regions

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

2.2 Magnetic Analysis: Physical description process

ROTOR Laminated magnetic non conducting region
STATOR Laminated magnetic non conducting region
@ New Face region X
Name of the region *
[RoTOR |
Comment
|
2D Transient Magnetic \ Appearance \ Mechanical Sel\
r Type of region
|Lammated magnetic non conducting region '|
Material of sheet iron *
[FLU_Ms00_65A |2
Thickness of sheetiron (in m)*
[0.35E-3 [
Stacking factor (0 = Stacking_factor=1)*
o7 J10]

FLU_M800_65A 0.35E-3 ROTOR
FLU_MB800_65A 0.35E-3 0.97 STATOR
@ New Face region X
Name of the region *
|STATOR |
Comment

2D Transient Magnetic \ Appearance \ Mechanical Set \

r Type of region

Laminated magnetic non conducting region

Material of sheet iron *

|FLU_M300_65A ~|[ B
Thickness of sheetiron (in m)*

[0.35E-3 [
Stacking factor (0 = Stacking_factor = 1)*

o7 ]

J\ ALTAIR
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2.2 Magnetic Analysis: Physical description process

2.2.6 Create face regions

41

» Define coil Face regions

COIL_A N
COIL_A P
COIL_B_N
COIL B_P
COIL_C_N
COIL_ C P
TESTING_COIL_N

TESTING_COIL_P

Coil conductor region
Coil conductor region
Coil conductor region
Coil conductor region
Coil conductor region
Coil conductor region
Coil conductor region

Coil conductor region

FLU_COPPER
FLU_COPPER
FLU_COPPER
FLU_COPPER
FLU_COPPER
FLU_COPPER
FLU_COPPER

FLU_COPPER

Negative
Positive
Negative
Positive
Negative
Positive
Negative

Positive

PHA

PHB

PHB

PHC

PHC
TESTING_COIL

TESTING_COIL

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

N_COIL
N_COIL
N_COIL
N_COIL
N_COIL
N_COIL
N_COIL

N_COIL

in series

in series

in series

in series

in series

in series

in series

in series

STATOR
STATOR
STATOR
STATOR
STATOR
STATOR
STATOR

STATOR

J\ ALTAIR



2.2 Magnetic Analysis: Physical description process

2.2.6 Create face regions

» Define coil Face regions

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

@ New Face region X @ New Face region X @ New Face region X @ New Face region X
Mame of the region * Mame of the region * Mame of the region * Mame of the region *

[coIL_A N ['| |[coLar [coi_B_n [co_s_P

Comment Comment Comment Comment

2D Transient Magnetic \ Appearance\ Mechanical Set\
r Type of region

[ coil conductor region

2D Transient Magnetic \ Appearance\ Mechanical Set\

r Type of region

2D Transient Magnetic \ Appearance \ Mechanical Set \
r Type of region

2D Transient Magnetic \ Appearance \ Mechanical Set \
r Type of region

[ coil conductor region -

[ cail conauctor region

Material of the region

[ cail conauctor region -

Material of the region

Material of the region

Material of the region
[FLU_coPPER - [FLU_coPPER - [FLU_copPPER ~|[» [FLU_copPPER ~|[»
|Negative orientation for the current - | Positive orientation for the current - | Negative orientation for the current -| | Positive orientation for the current -|
Coil conductar region component Coil conductar region component

[PHA

~[[d

MNumber of turns of the conductor *

[Pria |

MNumber of turns of the conductor *

Coil conductor region compaonent

Coil conductor region compaonent

[PHB

[PHB

MNumber of turns of the conductor * MNumber of turns of the conductor *
[n_col [ [n_col [ [N_coi [ 0] [N_coi [ 0]
Fill factor (0« Cf < 1) Fill factor (0« Cf < 1) Fill factar (0 « Cf< 1) Fill factar (0 « Cf< 1)
|F ) | ) A |0l [F |0l
Symetries and periodicities : conductors in series orin parallel Symetries and periodicities : conductors in series orin parallel

|N\ the symmetrical and periodical conductors are in series

v|

Symetries and periodicities : conductors in series orin parallel

Symetries and periodicities : conductors in series orin parallel

|N\ the symmetrical and periodical conductors are in series

v|

| All the symmetrical and periodical conductors are in series |

| All the symmetrical and periodical conductors are in series |

A« ]I

Ejmca|

Ejmca|

42
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2.2 Magnetic Analysis: Physical description process

2.2.6 Create face regions

» Define coil Face regions

@ New Face region X @ New Face region X

@ New Face region X

0 Mew Face region

Name ofthe region *

IName of the region *

Name ofthe region *

Mame ofthe region *
[co_c_n [coL_c_pP [TESTING_CoOIL_M [TESTING_COIL_P
Comment Comment Comment Comment

r Type of region

2D Transient Magnetic \ Appearance \ Mechanical Set \

2D Transient Magnetic \ Appearance\ Mechanical Set\

r Type of region

2D Transient Magnetic \ Appearance \ Mechanical Set \
r Type of region

2D Transient Magnetic \ Appearance \ Mechanical Set \
r Type of region

[ cail conductor region

[ coil conductor region -

[ cail conauctor region -

[ cail conductor region

Material of the region

Material of the region

Material of the region

| All the symmetrical and periodical conductors are in series |

Symetries and periodicities : conductors in series orin parallel

Material of the region

[FLU_coPPER - [FLU_coPPER - [FLU_copPPER ~|[» [FLU_copPPER -
|Negat|ve orientation for the current v\ \F'osmve orientation for the current v\ |Negat|ve orientation for the current v| |F'oswt|ve orientation for the current v\
Coil conductor region component Coil conductor region component Coil conductor region compaonent Coil conductor region compenent

[PHC - [PHC L [TESTING_COIL ~|[p] [TESTING_COIL -
MNumber of turns of the conductor * MNumber of turns of the conductor * MNumber of turns of the conductor * MNumber of turns of the conductor *

[N_coi [0 [n_col [ [N_coi [ 0] [N_coi [
Fill factor (0 « Cf < 1) Fill factor (0« Cf < 1) Fill factar (0 « Cf< 1) Fill factar (0 « Cf < 1)

[F llro! | ) F |0l A llro!

Symetries and periodicities | conductors in series or in parallel Symetries and periodicities : conductors in series orin parallel

Symetries and periodicities : conductors in series or in parallel

[ All the symmetrical and periodical conductors are in series |

| All the symmetrical and periodical conductors are in series |

|AJI the symmetrical and periodical conductors are in series

v|

A o || e |

G o [ e [ ® ]

G o ][ cna [I[ ® ]
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2.2.7 Assign the Face regions to the Faces

Click on the icon # to
assign regions to volumes.
Or click on the [Physics] -
[Assign regions to geometric
entities] — [Assign regions to
faces (completion mode)]

Assign the created Volume
regions to the Volumes

44

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

2.2 Magnetic Analysis: Physical description process

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

R IR P TR Y

A VA I FIEE XA

&

| & B 5

Project  Application  Geometry Mesh

Parameter/Quantity  Solving Display  View

Select Tools Extensions Help

XY =

Data Tree

=| General data

(-0 Geometry

"D Mesh

£} Physics

(2 Domain

B¢, o Material

[=-[= Regions

: o Pointregion

.i Line region

[ g Face region

(- 3 Mechanical set
(3 Electric circuit

-1 Parameter Quantity

-3 Solver

(-3 Post processing

[

[

-1 Tools
¢} Extensions

oo Infinite box

i Petiodidty

gy Symmetry

& Domain options

»
3
3
r

c“?!' IMaterial
o Point region
< Line region

A Face region

- v v v

€ Mecharical set
% Electrical components

[ Circuit

“ Assign regions to geomettic entities
s Assign coil conductar components ko regions

L Assign solid conductors components to regions

@I Display arrows on magnet
% Delete Arrows

2 Load and run physics macra

‘& Check physics
“% Check drouit

Al-R
Alt-C

]

e )% % A B %]

B & &

Gl -« wal<

”'.3 Assign regions to points

%« Assign regions to lines

™ Assign regions to F

pletion mode)

5'4. Assign regions to Faces {modification mode)
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2.2 Magnetic Analysis: Physical description process

2.2.7 Assign the Face regions to the Faces

« Assign regions in ROTOR mechanical set
* SHAFT and ROTOR

45 2\ ALTAIR
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2.2 Magnetic Analysis: Physical description process

2.2.7 Assign the Face regions to the Faces

« Assign regions in ROTOR mechanical set
« MAGNETs

46 2\ ALTAIR
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2.2 Magnetic Analysis: Physical description process

2.2.7 Assign the Face regions to the Faces
« Assign regions in ROTOR mechanical set

° AI R GA P_R OTO R @ Assign regions to faces (completion mode) X

Faces [»]

Region Face for Faces *
|AIRGAP_ROTOR -k

B[ o J[ e [ ® |

16
18

47
Attention: the airgap of rotor has just ONE layer A ALTAIR
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2.2 Magnetic Analysis: Physical description process

2.2.7 Assign the Face regions to the Faces
* Assign regions in STATOR mechanical set
* AIRGAP_STATOR and AIR

@ Assign regions to faces (completion mode) X

@ Assign regions to faces (completion mede) X

Region Face for Faces * Region Face for Faces *
AIRGAP_STATOR =] — I

B o [ e JII_@ | A o J[ ex=s Il @ ]

48 2\ ALTAIR

Attention: the airgap of stator has TWO layers
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2.2 Magnetic Analysis: Physical description process

2.2.7 Assign the Face regions to the Faces

* Assign regions in STATOR mechanical set
« STATOR and WEDGE

@ Assign regions to faces (completion mode)

49 /\ ALTAIR
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2.2 Magnetic Analysis: Physical description process

2.2.7 Assign the Face regions to the Faces

* Assign regions in STATOR mechanical set

i ode) X
[» - Faces m
10

==

/\ ALTAIR
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2.2 Magnetic Analysis: Physical description process

2.2.7 Assign the Face regions to the Faces
* Assign regions in STATOR mechanical set

= =

51 /\ ALTAIR
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2.2 Magnetic Analysis: Physical description process

2.2.7 Assign the Face regions to the Faces

* Assign regions in STATOR mechanical set

|Regmn F: Region Face
COIL_C COIL_AP
I ] ‘ CCCCC | ] ‘ CCCCC

=

52 /\ ALTAIR
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2.2 Magnetic Analysis: Physical description process

2.2.7 Assign the Face regions to the Faces

* Assign regions in STATOR mechanical set
* COlILs
@ Assign regions to faces (completion mode) X

53 /\ ALTAIR



2.2.7 Assign the Face regions to the Faces

54
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2.2 Magnetic Analysis: Physical description process
see Adon

‘AIR

1 Select all the Face regions from the Data tree, right click and click on [Edit array]
* Improve the region visibility i
mpr \4 r 1on VvisIoil 2 Change the color and the visibility for all regions
@) Edit Face region[AIR AIRGAP_ROTOR, AIRGAP_STATOR,COIL_A_N,COIL_A_P,COIL_B_N,COIL_B_P,COIL_C_N,COIL_C_P,INFINITE,...] x
Entities [Modifyal AR AIRGAP_RO...|AIRGAP ST..|[COIL AN |COIL AP |COL BN |COLBP |COLCMN |COLCP |INFINDE  |MAGNETN [MAGMET_S1 [MAGNET_S2 |ROTOR SHAFT STATOR TESTING_C... | TESTING_C... | WEDGE
El {3 Face region
(@ Name * AR AIRGAP_RO..|AIRGAP ST...|COIL AN |cOL AP |[conBnN |conBr |colcn |cOLcP |INFINITE  |MAGMNET_N |MAGNET_S1 |MAGNET_S2 [ROTOR SHAFT STATOR TESTING_C... | TESTING_C... | WEDGE
@ Comment Initial values Infinite region
= @ Transientmagnet =
1 {3 Sub types Initial values | Air or vacuu... | Air o vacuu...|Air o vacuu...| Coi conduct... | Cail conduct. .| Coil conduct. .| Cail conduct... | Coil conduct... | Coil conduct. .| &ir or vacuu...| Soid conduc...| Solid conduc...|Solid conduc. .| Laminated m. . Magnetic na... | Laminated m.. | Coil conduct...| Coil conduct... | Air or vacuu...
@ Ar or vacuum region Ar or vacuu... | Alr or vacuu...| Alr of Vacuu... Alr O Vacuu... Alr Of vacuu...
= (& Magnetic non conducting regior Magnetic no...
@ Material = Tnitial values FLU_ALUML...
E (@ Coil conductor region Coi conduct... | Coil conduct...| Coil conduct...| Coil conduct... | Coil conduct... | Coil conduct... Coi conduct. .| Coil conduct...
@ material Initial values FLU_COPPER |FLU_COPPER [FLU_COPPER |FLU_COPPER |FLU_COPPER |FLU_COPPER FLU_COPPER. |FLU_COPPER
& 3 conductor *
{3 Component Initial values PHA FHA PHE PHE PHC PHC TESTING_COIL TESTING_COL
@ Turn number * Tnitial values N_coIL N_COIL N_COIL N_COIL N_COIL N_COIL N_COL N_COIL
(3 Fil factor (0 <Cf < 1) Tnitial values | false: false faise F F F F F F false fakse false false false false false £ F false
= (@) Series or paralel =
= {5 Sub types Tnitial values All the symm...| All he symm...[All the symm... Al the symm. . All the symm. . All the symm.. All the symm. . All the symm...
{3 Al the symmet All the symm. ..|All the symm. .| All the symm. .. Al the symm. .| All the symm. .| All the symm.., All the symm. ., All the symm...
2 (2 Sub types Initial values Negative ori... | Positive orie...|Negative ori...|Positive orie...| Negatve ori...|Positive orie. Negative ori... Positive orie
{3 Positive orientatior Fositive orie... Pasitive orie Positive orie. .. Positive orie...
{{®) Negative orientatic Negative ori... Negative ori... Negative ori... Negative ori...
= {3 Solid conductor region Solid conduc. .| Solid conduc...| Solid conduc. .
@ material * Tnitial values MAGNET ... |MAGNET_N... |MAGNET_N...
=l { type_drauit *
B 5 Sub types Initial values Circuit defined | Circuit defined | Circuit defined
El {3 Circuit defined Girauit defined | Circuit defined  Circuit defined
{3 Associated soliInitial values SOLIDCOND...| SOLIDCOND. .| SOLIDCOND. .
E {3 Orientation tyr
1 (@ Sub types Initial values Positive arie...| Positive arie... | Positive orie. ..
B Positiv Positive orie...| Positive orie... Positive orie. ..
= (& Laminated magnetic non condur Laminated m... Laminated m.. |
@ Material = Tnitial values FLU_MB0O_... FLU_MB0O_..
@) Thickness of sheet iron (n 1 Initial values 0.358-3 0.35E-3
@ Stacking factor (0 < StackirInitial values 0.97 0.97 I
Init Urquas Turquoise  |Turquoise | Black Red Cyan Magenta Yelow Turquoise  [Turquoise  |Red Cyan Cyan Gresn Turquoise  [Green Turquoise | Turquoise  |[Turquoise =
@ visbilty = Ini 1 WISIBLE  |INVISIBLE  |INVISIBLE | VISIBLE VISIBLE VISTELE VISIBLE VISIBLE VISTBLE IWISIBLE | VISIBLE VISIBLE VISIBLE VISIBLE VISIBLE VISIBLE VISIBLE VISIBLE VISIBLE |
1D Mechanical set ETATOR ROTOR STATOR STATOR STATOR STATOR STATOR STATOR STATOR STATOR ROTOR ROTOR ROTOR ROTOR ROTOR STATOR STATOR STATOR staToR |
o [ o [ o ] ® ]
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2.2 Magnetic Analysis: Physical description process

2.2.7 Assign the Face regions to the Faces

* Improve the region visibility

55 2\ ALTAIR



2.2 Magnetic Analysis: Physical description process

2.2.8 Finish the physical description

« Check physics

Click on [Physics] —
[Check physics]

56
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Project  Applicaton  Geometry  Mesh Parameter/Quantity  Solving Display  View
I ™ L ' oo Infinite box »
Data Tree ni Periodicity »
E---|G - data gly Syrrnetry ]
D Geometry Q Domain options (]
b Material »
o Point region »
% Line region »
- Face region »
Extensions 10 Mechanical set »
;B Macros "Bl Electrical components b
User overlays _—
- Circuit 4
Fo D Servers m]

L Assign regions o geometric entities (]
u Assign coil conduckor components Lo regions 3
u Assign solid conductors components ko regions »

@ Display arrows on magnet

7% Delete Arraws

| oad and run physics macro »

& Che

Y% Check circuit

J\ ALTAIR
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2.2 Magnetic Analysis: Physical description process

2.2.8 Finish the physical description
* Save the project as: IKERMAQ_MAG_PHYSICS_CHECKED.FLU

i GG o e o e
B rew Ctrl-n ) .I“ T, | o *'ﬂﬂﬁﬂ i Ay A

1 Click on [Project] — [Save as] : Open project ... k-0 = F
% Close -
Deﬁne the prOjeCt name aS Recent projects s 0 Choose the new name of the project *
2 “IKERMAQ_MAG_PHYSICS_ FE s T I
CHECKED” IM) [@® nermag_Mac_cEOM_MESH FLU
. . < Command fil
3 Verify the location 2 Macro ,
. a Orverlay »
4 Click on [OK] o mport ,
l;f Expart ]
3 Print »
9 Exit Alt-Fa
File 1y 2\)IKERMAQ_MAG_PHYSICS_CHECKED| |
Files of 1VPE | Fiux2D Project directories -

57 J\ ALTAIR
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2.3 SOLVING AND POSTPROCESSING

J\ ALTAIR
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2.3 Magnetic Analysis: Solving and postprocessing

2.3.1 Create a spatial quantity

« Spatial quantity: JOULE_LOSSES

Click on [Parameter/Quantity] —
[Spatial quantity] — [new]

Define a new Spatial quantity
“JOULE_LOSSES”

Define the expression as
“J*J*Rho/IO(F)”

4 Click on [OK]

@
®

59

Project  Applicaton  Geometry Mesh  Physics

Solving Display View Select Tools Extensions Help

2 o G 44
Pl % D | | |ad voparaeter Y RN RV YR
Data Tree 5 Sensor »

E|--|Ganeral data % * Spatial quantity » ‘*'_“ e
; ore quantity [ Chrl-E
(3 Geometry @ st it » e Edi |
3 Mesh ;
£ Fh m’ Impart parameter and quantity ] \?; Edit array Chrl-F
YSiCS }
[3 Parameter/Quantity E’ Export quankity ] Qg Delets Supprirner
# Force delet Mai-Suppri
23 Solver Y - N E‘.ﬂ orce delete 5j-Supprimer
(23 Post processing &0
3 Tools +5% Multipoint support » Mews spatial quantity TKelvin For temperature
E}B' Extensions ~E Path 3 Reinitiliazing spatial quantity TKelvin for temperature
L Macros 20 grid »
m User averlays B e [E Mew (constant) tabulated spatial quantity by storage of values
D Servers [E ©pen data Import/Export context E’ Mew (constant) tabulated spatial quantity by importation
- Maodify (constant) tabulated spatial quantity by importation

0 New Spatial quantity X

Mame of the spatial quantity *

[JouLE_LossEs| |
Comment

r Type ofthe spatial quantity

|Spatial formula v|

Expression *
[J=*RhonO(F) [
Bl x Jl cm= J[ © | ALTAIR
K

@



2.3.2 Solving process
« Create a new Solving scenario

Create a new Solving scenario by
1 clicking on [Solving] — [Solving
scenario] — [New]

Define the scenario name as
‘“NORMAL_CONDITIONS”

Click [Control by position of
mechanical set] — [ROTOR]

Define the interval as [0.0, 144.0],
with a step value as 2.0

5 Click on [OK]

60

Project Application  Geometry Mesh Physics  Parameter/Quantity

B2 ESE 2 ™[ @l

Data Tree

[ General data

-3 Geometry

Parameter/Quantity
Solver
Post processing
(2 Toals
(-5 Extensions
- Macros
- T8 User overlays
L[ servers

@ New Solving Scenario
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2.3 Magnetic Analysis: Solving and postprocessing

Display View Select Tools Extensons Help

] Check praject before solving process

3 solve

5 Edi Cctke

[ 2 Delete results

Alt-5 E
Delete Suprimer
Maj-s e
% Force delete  Maj-Supprimer
M
& Solve Maj-S

47| solving process options

%, Multi physic salving sessian {new scenario)

., Multi physic solving session (existing scenario)

£ Generate component for Activate coupling
o Generate component far HyperStudy coupling (for HyperStudy 2019.1 and later)
i} Generate component for GOT-It coupling

) Generate component far Portunus coupling

4 Generate component for Matlab Simulink coupling

)24 Generate component for Amesim coupling

2 Generate component for Altair Flux e-Machine Toobox coupling

‘ IComment |

‘ 2 Name of the solving scenario = ‘NDRMALJ:DND]TIDNS

[] Parametric distribution

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

r Control type of transient solving process
(1 Control by time

Control by position of mechanical set |ROTCR |

Parameter control \USt of resulting va\ues\

rInterval definition
144.0

Step value -

Lowver limit
Higher limit
Variation method
Step value

[ Intervals table 1
A=
Lowver limit | Higher limit Method | Values |
.0 144.0 Step value 2.0 4
Ny

Clear last interval

201
N

Cancel

| Iy |

|ALTAIR




2.3.2 Solving process
« Solve the scenario

Solve the Scenario by
clicking on [Solving] — [Solve]

Select the solving scenario
‘“NORMAL_CONDITIONS”

N

Save as a New project
3 “‘IKERMAQ_MAG_PHYSICS
_SOLVED”

4 Click on [OK]

Solve *
L0

2 olving Scenario *
MORMAL_COMDITIONS =l I |

Save solved project as *

i Current project
o BT

@ New project
| IKERMAQ_MAG_PHYSICS_SOLVED)| |

el | O]

i
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2.3 Magnetic Analysis: Solving and postprocessing

Project  Applicaton  Geometry Mesh Physics  Parameter/Quantity Display View Select Tools Extensions Help
- L™ I g | e ¥ |” o, | e, ﬁl ";‘ﬁu ﬂ B Solving scenario N
Data Tree "“j Check project before solving process Al-5
" (s T |
[+-(0 Geometry —
(23 Mesh @ Delete results D\
-3 Physics — )
| Solving process options ]
[#-23 Parameter/Quantity a 2 ¥
(3 Solver “. Multi physic solving session (new scenario)
[#-(23 Post processing A
“ Multi phrysic solving session (existing scenario
-3 Tools - i g ¢ g !
= E;(tenmons Q‘J Generate component For Activate coupling
m Sacms | o Generate component for HyperStudy coupling {for HyperStudy 2019.1 and later)
! ser overlays
[ servers i} Generate component for GOT-It coupling
0 Generate companent for Partunus coupling
4\ Generate component for Matlab Simulink coupling
L3

I:i Generate companent for Amesim coupling

m Generate companent For Altair Flux e-Machine Taolbox coupling

TESTING_COL_FLUX (Wb}

J\ ALTAIR
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2.3 Magnetic Analysis: Solving and postprocessing

2.3.3 Postprocessing

Plot 2D curves (I/0O parameter)

62

Create a new 2D curve by clicking on
[Curve] — [2D curve (1/O parameter)] —
[New 2D curve (I/O parameter)]

Plot the following curves:
- TORQUE
- LOAD_PHASE_CURRENTS
- LOAD_PHASE_VOLTAGES
- MECHANICAL_ELECTRIC_POWER
- TESTING_COIL_MAG_FLUX
- COPPER_LOSSES

Project  Application  Sohving  Dataexchange  Support  Graphic - Computation Advanced Display  View  Help
w

. c
D2° @ EF 2 || >[iEn B o ’
Data Tree 20 curve 3
- General data T 20 cu b
3 .
(2 Geometry [62 30 curve (2D grid) y | B Dbtz S
g :‘:SH ﬁ 30 curve (2 IfO parameters) » T‘l% Display
6 ysics =
3 Parameter /Quantity g 3D curve (Path + [0 Parameter) » g Hide
(3 Solver & 30 curve (dedicated to rotating machine) — » m Al ED e
£3 Post processing 13 Derivative of 2D curve
(3 Tools

&3 Extensions

m Spectrum analysis (FFT)

tf‘ Superimpose 20 curves {1)C parameter)
ﬁ Import a 20 curve - Flux file (Ext)
T}% Import & 20 curve - Formatted File (kxt)

& TAT export
I}% Excel export

J\ ALTAIR



2.3.3 Postprocessing

* Plot the magnetic torque

o Mew 2D curve (I/O parameter)

X

Name of 2D curve (/0 parameter) *

[TorRaus

‘Comment

1O par onthe

| Xchoice | Parameterrame | currentvalue | Lmitmin | Limitmax |

| /ANGPOS_ROTOR |

|v 720

v 1340 |

Formula on ordinate

| Regon || circut

| [mechanical set|

TorqueElecMag(ROTOR)

] I =

Curve name TORQUE

Limit min 72.0

Limit max 144.0

Formula TorqueElecMag(ROTOR)
63
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2.3 Magnetic Analysis: Solving and postprocessing

Mechanical set / Magnetic torque [ROTOR]
echanical set / Magnetic torque [ROTOR] (N.m)
F S “®-Meshanical set / Magnetis torque [ROTOR] (N.m)
[578762E0 .
o
2
am
)
Reset T8425E0 o000E0 100 080 110080 120080 130080 wons T ANGPOS_ROTOR

TorgueElecMag (ROTOR)

ANGPOS_PROTOR

Interwal = 72 (72, 144)
Minimal walue = -457.20476773253
Maximal value = -446.798928726456

Mean value = -452.389
Fectified mean value = 452.389
E.m.s value = 45Z.402
Integral along the curve = -32572

Torque, s = 452.40 N.m

J\ ALTAIR



2.3.3 Postprocessing
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2.3 Magnetic Analysis: Solving and postprocessing

* Plot the phase voltages and phase currents in the load

@ MNew 2D curve (/O parameter] s

Mame of 2D curve (I/O parameter) *

|LoAD_PHASE_cURRENTS

Comment

D parameters on the abscissa

| X choice ‘ Parameter name | Current value | Limit min | Limit max |
| /ANGPOS ROTOR | v 720 [v 1290 |

Formula on ordinate

LOAD_PHASE_CURRENTS

- * '—i\ /——‘h\‘\ /__.—\\‘ @-Circuit / G urrent [PHA] (A)
@ Cireutt) Curent [PHBI (&)
/ S ‘/.ecmw [PHE] ()

e

S

S

yARERN

AN

~N " N
| Region ‘ | Circuit ‘ |Mechamcalset| \ \
1{PHA) [ /
1(pHE) (] e k.
it 0] /
L0
\_ .. 2
\_. 4/ ‘_/'// )
Reset someo o mm To00E o080 20080 130080 10080 ¥ ancros_roTor
B[ o [ e | ® | T(PHA) T (PHE) T(PHC)
ANGPOS_ROTOR ANGEOS_ROTOR ANGPOS_ROTOR
__ inieal vatue - 116, e T T P miant vatue . 11e.

Curve name LOAD_PHASE CURRENTS
Limit min 72.0
Limit max 144.0
Formula 1 I(PHA)
Formula 2 I(PHB)
Formula 3 I(PHC)

-115.364575308642
119.541744590281

Minimal value
Maxinal value

Mean walue = 0.095388
Fectified mean walue = 76.3072
E.m.3 value = B4.7258
Integral along the curve = £.86864

Ninimal walue = -1159.52850718722
Naximal value = 119.510640120803

Hean wvalus = -0.00758g|
Fectified mean wvalue = T6.30848
B.m.s value = 84.7837

Integral along the curve = -0.54622

Minimal walue
Maximal value

-119.535521430332
115. 464635904278

Mean value = -0.08781Y
Fectified mean value = T&.405
E.m.s value = B4.8045
Integral along the curve = -£.32242

IphaseA, rms =84.73A

IphaseB, rms =84.79A

=84.80 A
J\ ALTAIR

phaseC, rms
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2.3 Magnetic Analysis: Solving and postprocessing

2.3.3 Postprocessing
* Plot the voltages and currents of each phases in the load

LOAD_PHASE_VOLTAGES

@ MNew 2D curve (/O parameter] s

b0 @ URESISTOR_1)-UIND UCTOR_1y
4 URESISTOR_2)+U(IND UCTOR 3)
_3pUND UCTOR_3)

4
Mame of 2D curve (I/O parameter) * \ / /’*\

\
[LoaD_PHASE_voLTAGES | \\ / \\
Comment "
|

| N Pas
W0 parameters on the abscissa \
| X choice ‘ Parameter name | Current value | Limit min | Limit max | / \ //

| /ANGPOS ROTOR | v 720 [v 1290 | = \ / \ \
Formula on ordinate . \\/ \
/

AN

| Region ‘ | Circuit ‘ |Mechamcalset| \ 7 \
U(RESISTOR _1)+U(INDUCTCR_1) ()] \ // \ _/ \
U(RESISTOR _2)+U(INDUCTOR _2) ()] // \\__L L~
= = e 1 \\O‘L N
URESISTOR_3)+U(INDUCTOR_3] _% et oo owe o ey e o= ¥ anopos roror
U(RESISTOR 1)+U{INDUCTOE 1) U(RESISTOR IZ)+J(INDUCTOR Z) T(RESISTOR 3)+U{INDUCTOE 3)
- ANGFPO3_ROTOR ANGPOS_ROTOR ANGPO5_ROTOR
| £ || & s |H| (&) ‘ | Interval = 72 (72, 144) Interwal = 72 (72, L44) Interval = 72 (72, 144)
Minimal walue = -362.5812088842 Minimal value = -3£3.151810667877 Minimal value = -363.151883046122
Maximal value = 383.13217752Z017 Maximal walue = 3£3.1F0250714062 Maximal value = 3£3.080261140822
Mean value = 0.06047 Mean value = -0.01329 Mean value = -0.047186
Rectified mean value = 230.717 Bectified mean value = 230.753 Pectified mean value = 230.738
Curve name LOAD_PHASE_VOLTAGES R.m.s value = 255.821 E.m.s value = 255.867 E.m.s value = 255.849
Integral along the curve = 4.35428 Integral along the curve = -0.856912 Integral along the curve = -3.389738
Limit min 72.0

Limit max 144.0 UphaseA, rms — 255.82 V UphaseB, rms — 255.87V UphaseC, rms — 255.85V

Formulal  U(RESISTOR_1)+U(INDUCTOR_1)
Formula2  U(RESISTOR_2)+U(INDUCTOR_2) A ALTAIR
Formula3  U(RESISTOR_3)+U(INDUCTOR_3)



2.3.3 Postprocessing

* Plot the mechanical and the electric power

@ MNew 2D curve (/O parameter] s

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

2.3 Magnetic Analysis: Solving and postprocessing

MECHANICAL_ELECTRIC_POWER

Mame of 2D curve (I/O parameter) *
| MECHANICAL_ELECTRIC_POWER] |

Comment

W0 parameters on the abscissa

| X choice ‘ Parameter name | Current value | Limit min | Limit max |
| /ANGPOS ROTOR | v 720 [v 1290 |

Formula on ordinate

| Region ‘ | Circuit ‘ |Mechamcalset|
TorqueElecMag(ROTOR) *2*Pi()*SPEED/60 1
PowerP(RESISTOR _1) +PowerP(RESISTOR _2)+PowerP(RESISTOR_3) [0
(0]

Gl o | e | @ | |

PP = =3 - —— . == - e oTo
. TOR_ TOR oR_3)

40.00E3
0 05
x
10.00E3

>
Reset 00.00ED 100 0EQ 110.0ED 120.0EQ 130.0E0 140.0EQ

ANGPOS_ROTOR

Curve name MECHANICAL_ELECTRIC_POWER
Limit min 72.0
Limit max 144.0
Formula 1 -TorqueElecMag(ROTOR)*2*Pi()*SPEED/60
Formula 2 PowerP(RESISTOR_1)+PowerP(RESISTOR

_2)+PowerP(RESISTOR_3)

—TorqueElecMag (ROTOR) *2*Fi () *SPEED/E0

ANGPOS_ROTOR
Interwal = 72 (72, 144)

Minimal value = 50531.7881300828
Maximal value = 51708.8410218108

Mean walue
Reetified mean value
R.m.s value

Integral along the curve = 0.3&88E+07

ANGPOS_ROTOR
Interval = 72 (72, 144)

Mean walue

= 51164
= 51lc4 Fectified mean value
= 511F5.4 E.m.s value

Integral along the curve =

PowerP (EESISTOR 1)+FowerP (RESISTOR Z)+PowerF (RESISTOR 3)

Minimal wvalue = 48576.1737219588
Maximal wvalue = 45035.843635e082

a.

48784.59
48784.9
48785

351E407

Pmeca, mean — 51.17 kW I:)elec, mean — 48.79 kW

J\ ALTAIR



2.3.3 Postprocessing
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2.3 Magnetic Analysis: Solving and postprocessing

* Plot the magnetic flux flowing in the test coil

@ MNew 2D curve (/O parameter] s

Mame of 2D curve (I/O parameter) *
[TEsTING_CoIL_mac_FLux |

Comment
| |

W0 parameters on the abscissa

| Xchoice | Paremetername | Currentvalue | Limitmin | Limitmex |
| /ANGPOS ROTOR | lvao  [viso |
Formula on ordinate
| Region J | Circuit J |Mechamcalset]
TxCol[TESTING_COIL)/5 L0l
G o J[ e J[ ® |

FluxCoil(TESTING_COIL)/5

TESTING COIL_MAG_FLUX

FluxCallTESTING_COIL)5
DmE3

Z==D

e

2mE3

\

/

/ \

\

/

25.mE

-E.00E3.

P

/o

Reset

100E0 125080

L4

#-F e i TESTING_BOILYS

ANGPOS_ROTOR

Curve name TESTING_COIL_MAG_FLUX
Limit min 8.0
Limit max 144.0
Formula 1 FluxCoil(TESTING_COIL)/5
67

FluxCoil (TESTING COIL)/S
ANGPOS_ROTOR
Interwval = 138 (8, 144)

-0.051131007548197
0.0505870489118695

Minimal wvalue
Maximal walue
Mean value = -0.00Z4Z8
Bectified mean value = 0.033Z18
E.m.s wvalue = 0.035874
Integral along the curve = -0.329868

Warning: only ONE testing coil is installed in
the test-bench. However, due to the
periodicity in the modeling, the model is
considered to have FIVE testing coils.

So the flux value should be divided by 5 to
compare with the measurement.
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2.3 Magnetic Analysis: Solving and postprocessing

2.3.3 Postprocessing

* Plot the copper losses

@ MNew 2D curve (/O parameter] s

Mame of 2D curve (I/O parameter) *
|coPPER_LOSSES |

Comment
| |

W0 parameters on the abscissa

| Xchoice | Parametername | Curentvalue | Lmitmin | Limitmax
| ¥ anceos_RoTOR | v 720 fv 120 |
Formula on ordinate

| Region J | Circuit J |Mechamcalset]
(I{PHA) "2+ (PHB) ~2+1{PHC) ~2) *(54.4E-3)
Q[ o J[ e Il ® |

COPPER_LOSSES

(IPHA)"* 2+ (PHB)**2H(PHC)**2)" (54 4E-3)

I(PHAY™241 QLB RHO) 25

A

8- HAY "2+ HET" 2+(PHE T 254 46.3)

1

500.0E0

b
L4

Reset 80

100080 110080

120080

130.0E0 140,060 ANGPOS_ROTOR

Curve name
Limit min 72.0
Limit max 144.0
Formula 1

68

COPPER_LOSSES

(I(PHA)Y"2+I(PHB)"2+I(PHC)"2)*(54.4E-3)

(T(PHA)**24T (PHE) **Z+T (FHC) **2) * {54, 4E-3)
ANGPOS_ROTOR

Interval = 72 (72,

Minimal walue =

144)
1165, 64437874295

Maximal walue = 1180.0807694Z586

Mean walue = 117Z.88
Rectified mean value = 117Z.88
BE.m.s walue = 117Z.88
Integral along the curve = 84447.1

=1.17 kW

I:)copper_losses, mean
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2.3 Magnetic Analysis: Solving and postprocessing

2.3.3 Postprocessing

» Calculate the iron losses

Create a new 2D curve for iron
losses by clicking on
1 [Computation] — [Computation of
iron losses] — [Computation of
iron losses]

Edit the settings in the following
tabs

0 Iron losses computation X 0 Iron losses computation X
 Computation type r Computation type
On regions -| ‘Dn regions v|
l Definition :IRasuHs\ Deﬁnitior{‘ Results \I
[E Result curve name *
ROTOR [TOTAL_IRON_LOSSES |
STATOR = Result name *
|Ls_LossEs_IRON |
Spatial quantity name for the average loss density *
[IRON_LOSSES| |
r Time interval Spatial guantity name for energy density *
X choice Parameter name Current value Limit min Limit max |DVDL—ENERGY—LDSS—1 |
_ROTOR v 720 | 1440

r Part of cycle described by the time interval

| Full cycte

Model for losses
Advanced Display View Help ILSprG!ﬂsﬁnsdsheets ,‘
“Designati
o o e
/% On point L4 2 ﬂ i? E) #\:. A% ﬁ‘ A “ |M500,55A 'I
£ On physical entity »

Computation of iron losses

LL] Computation of inductance matrix

Deprecated versions

@ Evaluation of the demagnetization ~ » R Edit

? Open mechanical analysis context R Bk
R TXT export
R Excel export

69
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2.3 Magnetic Analysis: Solving and postprocessing

2.3.3 Postprocessing
e Calculate the iron losses

° Edit Result[LS_LOSSES_IRON] X

Name of the result *

_LOSS | TOTAL_IRON_LOSSES
Comment LOSS_BT_INST : Insta

01/21/20 12:03:30 | [0S5_BT_NST nsia )
—  — - A

DED #1055 BT
RGSU"S\DBSUIDHM\ 3m h-/ V ‘\_/\ \ LOSS_BT_INST

Iron losses - 0080 / \
L

LS iron losses - 2000E0

LS iron losses 1e00

Average iron losses (over a period) (W) *

279.26842621500487 100 DEO:

Energy of the iron losses (over a period) (J) * 50.00E0

3.102982513500047 =

Reset 125063 15.00E-3 17.50E-3 20 00E3 4 Time (seconds)

Ol o Il s [[ com [[owmn | ® ] I:)iron_losses, mean — 0.28 KW * 5 = 1.40 kW
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2.3 Magnetic Analysis: Solving and postprocessing

2.3.4 Finish the postprocessing

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

« Save the project as: IKERMAQ MAG_POSTPROCESSING.FLU

1 Click on [Project] — [Save as]

Define the project name as
2 “IKERMAQ_MAG_
POSTPROCESSING.FLU”

Verify the location
4 Click on [OK]

71

- ppplication  Geometry Mesh  Physics  Parameter/Quantity  Solving

B rew b

(2 D™t e wlde e s

. Open project ... el

[ —1 e

5 Close

-

Recent projects ]

H Save -5

< Command fil ;: )

 Macro »
a Orverlay »
1 Import »
l;f Expart ]
3 Print »
9 Exit Alt-Fa

0 Choose the new name of the project

*

Save In: |[j TkerMAQ

SRENIE] =

(® KERMAQ_MAG_GEOM_MESH.FLU
@) IKERMAQ_MAG_PHYSICS_CHECKED.FLU
(®) KERMAQ_MAG_PHYSICS_SOLVED.FLU

P

y \
File 2 )IKERMAQ_MAG_POSTPROCESSING

Files of TYB€ | Flux2D Project directories
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3.1 GEOMETRY AND MESHING
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3.1 Thermal Analysis: Geometry and meshing

3.1.1 Create a new 2D project

Altair Flux™

Open project

 ontic o Vaterlal
BiF options Manager

€@ O ALTAR

Action

Go to Flux supervisor

Select the [2D]
simulation context

Click on [New project]

Click on
[Start a new project]

/\ ALTAIR
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3.1 Thermal Analysis: Geometry and meshing

3.1.2 Close the sketch context -_

Click on the icon % to close the

L Flux Sketch context

EEi@=mEs sax 00 - 00 " +|tmmtrrol skt btmussiv o

i
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3.1 Thermal Analysis: Geometry and meshing

[Fraisct] aopicaton Geomevy Wesh Physs Dspay View Seect Tods Extensions e

3.1.3 Import the geometry R T L S PR Y T

B onenpromt.. ko i

di% ¢ B @ e«
s
e save as.
 Command file »
2 Macro »

Import the IkerMAQ motor geometry by
clicking on [Project] —[Import] — [Import ™=
geometry] — [Import geometry from a
STEP file (advanced mode)]

Click on the icon ®] and locate the file
“IkerMAQ.STEP”

Import FLUS object

3 Select “XY1 ” as the coordinate System @ Import geometry from a STEP file (advance.. X @ Import geometry from a STEP file (advance.. X
GEHeral\Enhnes\heahng\)\asemhly\ ® Open * General | Enfities heahng\)\asemhly\
Click on [Entities] tab, import the faces, (2 Jlimosrer [ ||| i e =le :E";iﬁ“' B
g g o _a onp ®no_ |
4 lines, and invisible entities, and DO Eooudingts syslem o geomety atachment mportree faces -

NOT import the solids @hes

Scale factor
[10 |

Center the geometry Import free lines *

5 Click on [OK] 1 yes

® no

mport invisible entities *
File Name: [ TkerMAQ STEP ] ® yes
Fles of Type: | STEP fle = rno

B e [ e [ ® ] Coom [ o | | B[ o [ et ][ & ]

i

=
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3.1 Thermal Analysis: Geometry and meshing

3.1.4 Adapt the geometry to thermal analysis
* Open the Sketcher 2D Context

@

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

Click on [Geometry] —
1 [Sketcher 2D Context] to open
the Flux 2D Sketcher

i T

77
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3.1 Thermal Analysis: Geometry and meshing

3.1.4 Adapt the geometry to thermal analysis
* Delete Lines

Step Action
Press [Ctrl] to multi-select all the middle L Ly
1 i . 7 C ] ]
lines in the stator slots s E /
. . . Y 75 . >
2 Right click and click on [Delete] AT i 2) ; il s
N fag T
P = | / \ N
/ 7 A . r éﬁ% VAT
i e F 7>
:U [ : I~
D LG T - H D
é‘% 5 Vgl/ ;)} i / - N /ﬂ \
/T F NG
}( # AR N & Edk dynarics Fields of instance L E \\{ = —t
A = Display PyFlux command C {

/ () 9 Frdussges -, § — \

\ /J \ . HML export L E O \

NB\ = P . Vi | | |

v ﬁ - \\ 10.0 30.0 50.0 70.0 90.0 110.0130.0150.0170.0 ;Cxo;if::?;board :( "! — 1 J—J-@__o J)

1/ 1
B LT e T J\ ALTAIR
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3.1 Thermal Analysis: Geometry and meshing

3.1.4 Adapt the geometry to thermal analysis
» Simplify the geometry

R B [ = N s e o) )

sep Adion _ o

Click on the icon % to / / -
1 automatically simplify the [ B i g
motor geometry JIACAV/D AN JTAVAV S ARREN
A% AN £ N
~ B / AN \\ 5~ / A \\
d P4V R JAD: A
i i AR =
/ g VP IR / RN
N N A
T NN AL P / N AP
NN\ \ / NN\ 3
N & N\ =B YR
A Ko \ Nl o1 \
! — \ g ai \
i > =
— 1 Or— e il — 1‘ Se -
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3.1 Thermal Analysis: Geometry and meshing

3.1.5 Create coil regions

* Create a reference center point in the bottom slot

sep Adon 16 B s r Al el N

[}
=
J
i

Click on the icon + to create an
1 reference point close to the middle point
of the bottom slot area

A 1 18 WA W L |

T
| @ Edit Point[1] *® /"\o
2 Double CI?Ck on the pOint and adeSt the A;zi::z;(:cel:\)\eﬁnmon ' Geometric complements | Region | Mesh ', E'-_—-——--_
coordinates by (156.36, 10.934) Type of paint
|P0intdeﬁnedbyits Parametric Coordinates V‘ [
1 Coordinates system for definition * s
3 Click on [OK] o ’ il
S ) T 5
\\\m /X \ First coordinate o dnete 2 |156.36 : ‘ = : -______....--"‘"._
Second coordinate 10.934 1()
| o ][ wov [ cana [[ e [[[ ® |
i\\ [HEmBEE iilad +
e e 1)
ST | x A J

1 —>

N

80
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3.1 Thermal Analysis: Geometry and meshing

3.1.5 Create coil regions

* Create a coil area in the bottom slot

|+."'+ + | oo DD\E TE_EE ngn o

O

Click on the icon [O] to create a reduce

L geometry for the coil areas
2 Select the 4 lines around the bottom slot area
3 Select the created reference point as the :,\; e ‘X\ /__,.-—-—-""""—'—
Scaling point, define the Scaling factor as 0.98 — i
.. Line 41 Srse Selection
4 Do not connect to origin Line 39
|/ lLine 17
5 Click on [OK] o L
_— R /’ . Delete _——_‘___—_—-—" T
Scaling — * Sﬂltng point
o \ 3\ sy e
Line 17 = pn.es
e @j Connect to arigin ﬂ\
@ Dekete ________._-——" (1 Yes. 3 L
Scaling factor ! =
Connect to origin qi \ I I " - —————
(@) Yes ) No )
J\ ALTAIR
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3.1 Thermal Analysis: Geometry and meshing

3.1.5 Create coil regions

Step
1

2

Create coil areas

Action

Click on the icon & to build circular
repetition of the created coil area

Select the 4 lines around the coil area

Select the center point of motor as the
Pivot point of this repetition

Define the repetition angle as 8,
Define the repetition number as 8

Click on [OK]

DD\E T o’ M7 @H oA QEH + -\'\ k. 1 H_iH q* + -:'-'-H
]’\
/
Circular repetition X /\ \
| Graphic Selection / / / P | N
| é% NEAN
Line 27 h/ / /_:\
L ™ / // >] sﬂ
=y [T V AL N\
n repetitions (unit of active coordinate system) .
o -~
o %'/ /q\
| T
| i N N\
S \v/ Q// \
(- |
1l
3 1 1B IR
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3.1 Thermal Analysis: Geometry and meshing

3.1.5 Create coil regions

¢ Close the Sketcher 2D Context

Project Edton Conciruction Took  DislayMen

EREs 2@ x~o08 - 00l + e ma s Cold AN E S FEE e i a|

Donen o b
de @A A[Z e e s &
Data Tree. L=l

= [z

@R
o sep Acdion

= e data

& (3 Geometry

( 1_) . Click on the icon |, to close

the Flux 2D Sketcher

c = 2
E /

£ /

1/

? ~

2 N
2 >

c JAR= A,
: ap
= /’

g e

T =55 57 [ |
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3.1 Thermal Analysis: Geometry and meshing

3.1.6 Define the periodicity of the domain
» Define the Periodicity

Right click on the Data Tree e Tl e Rl e ] © New Periodicity X
] Data Tree [_— | |Graphi
1 [ermetry] - [Domam] - = [General data 'u Geometrical type of the periodicity
[Periodicity], and click on [New] ' C Rotation about Z axis with angle of the domain v
“« : : Induded and offset angles of the domain ..| |Formula ...
5 Selgct Rotation about Z_a?’qs 28l e 7 D) 3:,)
Wlth angle Of the domaln | m ;e“ : e ::::en Supprimer Offset a.‘de with respect to the ¥ line (Z. o |E | f)
. - (3 Physics
3 Enter the perIOd|C|ty : g i:‘s‘ﬁ;ms ?g Edit dynamics Fields of instance
parameters =Rl ?:f e jEven or odd periodicity f number of modeled poles —
« ” L. “XMLWL Even (cyclic boundary conditions) b’
4 Select “Even” periodicity et (4:' ll
. e 5 oK Cancel ®
5 Click on [OK] . I — ! | JH ‘ J

)
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3.1 Thermal Analysis: Geometry and meshing

3.1.6 Define the periodicity of the domain

85

Define the Transformation

Right click on the Data Tree
[Geometry] — [Geometric tools] -
[Transformation], and click on [New]

Define the name as “PERIODICITY”

Select “Rotation define by Angles
and existing Pivot Point”

Select the center point of the motor
as the Pivot point

Define the Rotation angle as 72
Click on [OK]

Project  Applicaton  Geometry Mesh Physics Display View Select Tools Extensions Help

B2 - @ =R o ™% mle s sl s )|

@ Mew Transformation

“\\MName of ic T

PERIODICITY

& Copy to cliphoard

Comment

|Deﬁne linked mesh

- Type of ic Transformation I
3 ‘Rntatmn defined by Angles and existing Pivot Point l "
Ci System for
[xr1 ~|[»
—
Pivot paint * |
4 133 | =
Rotation An axis (Angle Unit of Coordinate System) *
72 [10]

2/

61 e |

® |
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3.1 Thermal Analysis: Geometry and meshing

3.1.7 Mesh generation process

Create a new Mesh line

=

86

Right click on the Data Tree
[Mesh] — [Meshing tools] -
[Mesh line], and click on [New]

Define the name as
“LINKED_MESHLINE”

Define the type as “Linked”,
select the PERIOCITY
transformation

Click on [OK]

Project  Application  Geometry Mesh Physics Display View Select Tools

DR WA 2 ™[ ki s
=

|§FI

R oRe e
13
HERA
% = gn
o . EE
R - (]
it
a
2
)
N

ools S Edit dynarnics fields of instance

= Display PyFix comman d

“at List
B Find usages

L L export
#* Python export
&t THT export

2 Excel export

# Copy ta clipboard

0 New Mesh Line

Name ofthe Mesh Line * |
2 LINKED_MESHLINE I

Comment

Definition | Appearance |

r Type ofthe Mesh Line

b |

s the Linked Mesh Line *

[Linked
3 Transformation which define;
|[PERIODICITY

|

(4)

\ Y :

Sl
oK

”::anoel

&

i@ | |
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3.1 Thermal Analysis: Geometry and meshing

Project  Application  Geometry Physics Display View Select Tools Extensions Help
3.1.7 Mesh generation process [T EL P ) I AN RN XA

=]

Graphic
de aRjem @@ @ A= Y 3l <al |

(3 Geometry

 Assign the Mesh line to Lines | -2

Click on [Mesh] — [Assign
mesh information] — [Assign e reT—
mesh point/line/generator] — semmm
[Assign mesh line to lines]

& Mesh defect >

. Select all the lines in the in the Ormmnennne -

left border of the domain 3
3 Select “LINKED_MESHLINE” Z’%
4 CIiCk On [O K] 3 LINKED_MESHLINE - Ij

d Cancel ||
4
2
87

2\ ALTAIR



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

3.1 Thermal Analysis: Geometry and meshing

3.1.7 Mesh generation process

+ Mesh domain

1 Click on [Mesh] — [Mesh domain]

Project  Application  Geometry Physics  Display View Select Tools Extensions  Help
N g|[0¢mdadMash T A
Data Tree E‘ Mesh options » Graphi
[} General data E{{ Skin depth computation | july QH i
Geometry —
Mesh s« Mesh point »
Physics #* Mesh line ]
Solver & Mesh generator 3
Post processing .
3 Tools " Relaxation »
=g *@ Assign mesh information 13
& Clean all mesh information
E& Structure mesh »
# Mesh [P
\ )
_55 Mesh elements » N
<* Mesh defect 4

& Delete meshing
& Check mesh At
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3.1 Thermal Analysis: Geometry and meshing

3.1.7 Mesh generation process
* Check the mesh

Surface elements :

. Nunmber of excellent quality elements @ 899,39 %
1 Click on [Mesh] — [Check mesh] (Hatity
Number of good fquality elements 0,48 0%
S — e Mumber of average quality elements : 0.08 %
[ B~ . $|E%AidedMesh bl Mmber of poor quality elements : 0.04 %
Data Tree [} Mesh aptions 3 f T
o al da g i i f I s ¥ B
= ol S dle « & o mber of nodes : 164931
x h pai .
(3 Mesh s Meshpeint ’ Mumber of line elements : 12937
[ Physics # Mesh line »
(3 solver 5 Mesh generator > Mumber of surface elements : 82414
{3 Post processing " Relaxation 3 -
-3 Tools Mesh order @ Znd order
=[5 Extensions 5 Assign mesh information 3
:‘.! E::r“:)sverla . & Clean all mesh information
D Servers 4 'Lid- Structure mesh 3
“# Mesh 3
% Mesh domain s Tips: exact number of elements may depend on Flux version
_5‘ Mesh elements 3
< Mesh defect »

2% Delete meshing :-.
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3.1 Thermal Analysis: Geometry and meshing

3.1.8 Save the project

* Project name: IKERMAQ_THERMAL_GEOM_MESH.FLU

1 Click on [Project] — [Save as]

Define the project name as
2 ‘IKERMAQ_THERMAL_GEOM
_MESH.FLU”

Verify the location
4 Click on [Save]

90

Application  Geometry Mesh Physice Display View  Select Tools  Extensions  Help

. e

B Close

Recenk projects

H Save
|

~  Command file
~  Macro

o Import
" Export

2R Exit

hrl-H
' Cpen projeck . Crl-o

m Cwerlay

& Frint

Alt-F4

(2 Dl ]t % b ¥ W[w v i
—d ‘Graphic

3

v v v | v v

dle @ B)e @

@) Choosethe new name of the project

X

Saveln: [ TkerMaQ

EREFE] : =)

@) IKERMAQ_MAG_GEOM_MESH.FLU

(@) IKERMAQ_MAG_PHYSICS_CHECKED.FLU
@) IERMAQ_MAG_PHYSICS _SOLVED.FLU
(8) IKERMAQ_MAG_POSTPROCESSING.FLU

)

\
)|

N

' 4
Fie Name: | IKERMAQ_THERMAL_GEOM_MeSH| (|
\

(

Files of Type: |F¢um Project directories

E L]

ALTAIR
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3.2 PHYSICAL DESCRIPTION PROCESS
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3.2 Thermal Analysis: Physical description process

3.2.1 Define the simulation application

IS A [ e v o o < e v o
R

: . ] . Magnetic (N ?Eﬂl *nneﬂ ﬁg‘ #é“, #ﬁ‘.jﬂ e >!i/ﬂ K >:'_§'
1 Click on [Application] — [Define] — Data Tree Electric » L :
[Magnetic] — [Transient Magnetic 2D] & General data Thermal d
E Geometry 4

Thermal Coupling

Steady State Thermal 20

44 Transient Thermal 20

> In the [Definition] tab, define 03 Mesh
“310” as the 2D plane domain depth E ::I‘ff
. D Post processing
3 Click on [OK] (3 Tools
-3 Extensions

@ Define Steady State Thermal 2D application X

Definition |, Unit
r 2D domain type
|2D plane v|
Length Unit*

[MILLIMETER ~|[p]

\l Depth of the domain *
2 )0 [
Gl o< J[ = JI[ & [ |

92 @
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3.2 Thermal Analysis: Physical description process

3.2.2 Define materials

1

Right click on the Data Tree [Physics] —
[Material], and click on [New]

Create the following materials, modify
the properties in the K(T) tab

AIR
AIRGAP
ALUMINUM
MAGNET
FLU_M800_65A

SLOT
93

Isotropic, constant
Isotropic, constant
Isotropic, constant
Isotropic, constant
Isotropic, constant

Isotropic, constant

0.029
0.029+0.3E-2
235
9
34

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

Data Tree

[ =1
=1 General dats |
-- 3 Geometry

t?e‘ Edit array Chel-F

XH Delete SUpprirer

::?E‘ Force delete Maj-Supprinmer

G- Extensior|
R‘a‘ Import From material manager

R‘a‘ Import makerial DAT
ﬁf!‘ Crient material For Face region
m Mew B{H) 2D curve (Material)

Select all

@ Edit dynamics fields of instance

£ Display PyFlux command
=B List
@ Find usages

E}B Physics

s XML export
s Python export
Cubh THT export

by Excel expart

bh Copy to diphoard

@ New Material

Name of the material *

AIRGAP

Comment '2‘\
—

B(H) | J(E) |, D(ERCF‘(T)\ lass density | Iron losses |

Thermal
Thermal conductivity

‘ Isotropic, constant

ermal conductivity (W.m-1.degree-1)* |
0.029+0 3E-2| |

10l

J\ ALTAIR




3.2.2 Define materials

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

3.2 Thermal Analysis: Physical description process

@ Edit Matenial[AIR, AIRGAP, ALUMINUM,FLU_MB00_B54 MAGNET,SLOT] X
Entities |Modfya| AIR AIRGAP ALUMINUM FLU_MB00_654 | MAGNET sL.0T
= e Material
e MName * AIR AIRGAP ALUMINUM FLU_MB00_65A MAGMNET 5LOT
{3 Comment Initial values
=l e B(H) Initial values
{2 Sub types Initial values
=] e 1(E) Initial values
) Sub types Initial values
= (@ DE) Initial values
@ Sub types Initial values
=] e K(T) Initial values
= @ Sub types Initial values Isotropic, constant | Isotropic, constant | Isotropic, constant | Isotropic, constant | Isotropic, constant | Isotropic, constant
= @ Isotropic, constant Isotropic, constant | Isotropic, constant | Isotropic, constant | Isotropic, constant | Isotropic, constant |Isotropic, constant
G K isotropic * Initial values 0.029 0.029+0.3E-2 235 34 9 1
E 0 RhoCp(T) Initial values
{2 5ub types Initial values
e Mass density (Ka/m3) Initial values false false false false false false
=] e Iron losses Initial values
@ Sub types Initial values
] I T Il o
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3.2 Thermal Analysis: Physical description process

3.2.3 Define face regions

Right click on the Data Tree

1 [PhySICS] [Reglon] [Face Thermal conducing region

reg|on], and click on [NeW] AIRGAP_ROTOR Thermal conducing region AIR! - -
Create the following Face AIRGAP_STATOR Thermal conducing region AIRGAP - -
2 .
region . . i
egions COIL Thermal conducing region SLOT Sl . 1
— _ volume density
= B . : Uniform
=t MAGNET Thermal conducing region MAGNET . 1
&) aran volume density
& i g
ROTOR Thermal conducing region FLU_M800_65A vquLrJ:eI:f(c)jre?sity 1
o ™[ Regions SHAFT Thermal conducing region ALUMINUM = =
! Grient material for Face region ---- .’ Paint region . .
S - - < Line region SLOT_BORDER Thermal conducing region AIR - =
Se‘t ‘HVI;\HB E J Face reglon -
e STATOR Thermal conducing region FLU_MB800_65A Sl . 1
P — volume density
2
o Keep in mind:
95 o 1. The material of region AIRGAP_ROTOR is AIR
ez 2. The thermal source expression will be modified in the later section A ALTAIR
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3.2 Thermal Analysis: Physical description process

3.2.3 Define face regions

@) New Face region X @ New Face region X @) New Face region % @) New Face region X
Mame of the region * MName ofthe region * Mame of the region * Mame of the region *
AR | ARGAP_ROTOR | SHAFT | SLOT_BORDER |
Comment Comment Comment Comment
Thermal 2D\ Appearance \ Mechanical Set\ Thermal 2D \Appearance \ Mechanical Set\ Thermal 2D\ Appearance\ Mechanical Set\ Thermal 2D\ Appearance \ Mechanical Set\
Type of region [ Type of region Type of region Type of region
‘Thermal conducting region with heat thermal source " [Thermal conducting region with heatthermal source -| ‘Thermal conducting region with heat thermal source '| ‘Thermal conducting region with heat thermal source "
Material of the region * Material of the region * Material of the region * Material of the region *
[AR ~k [aR M ALUMINUM =[] [AR ~k
| Possible thermal source Possible thermal source | Possible thermal source | Possible thermal source
[ |Possible thermal source [ Passible thermal source [7] Possible thermal source ["] Possible thermal source
Total heatin the region by formula with IO parameters ‘Tma\ heat in the region by formula with 1/ parameters '| |Tota| heatin the region by formula with /0 parameters " |Tota\ heatin the region by formula with 1/0 parameters '|
Expression (in Watt ) Expression (in Watt ) * Expression (in Watt)* Expression (in W :
] - [l
Thermal radiation transparency * Thermal radiation fr * Thermal radiation transparency * Thermal radiation transparency *
Automatically determined '| Automatically determined '| Automatically determined " Automatically determined '|
x | e | ® | | ok [ e || @ | | o [ e [ ® | | ox | e | ® | |
@ New Face region X @ New Face region X @ New Face region x @ New Face region X
Name of the region * Name of the region * Name of the region * Name of the region *
[coi | | magnET | |ROTOR | |STATOR |
Comment Comment Comment Comment
Thermal 2D | Appearance ' Mechanical Set | Thermal 2D ' Appearance | Mechanical Set | Thermal 2D | Appearance |, Mechanical Set | Thermal 2D | Appearance ' Mechanical Set |
Type of region r Type of region Type of region Type of region
‘Thermal conducting region with heat thermal source " |Tnsrma\ region with heat thermal source " ‘Thermal conducting region with heat thermal source v| ‘Thermal conducting region with heat thermal source "
Material of the region * Material of the region * Material of the region * Material of the region *
sLOT ~|[»] MAGNET ~|[»] FLU_M300_65A ~[[»] FLU_W300_65A ~|[»]
Paossible thermal source Possible thermal source Paossible thermal source Paossible thermal source
Possible thermal source Possible thermal source Possible thermal source Possible thermal source
|umfnrm volume density by formula with I/O parameters v| ‘Uﬂlfﬂﬂ'ﬂ volume density by formula with /0 parameters v| |umfurm volume density by formula with /O parameters " |umfnrm volume density by formula with I/O parameters v|
Ex (inWatt/im3)* Expression (in Watt/m3 ) * Expression (in Watt/m3)* Ex (inWatt/im3)*
E [[ro] [ [[ro] il [ir0l E [[ro]
Thermal radiation transparency * Thermal radiation transparency * Thermal radiation transparency * Thermal radiation transparency *
Automatically determined AL determined Automatically " Automatically determined R
o | e JI @ | | e )| @ | o [ cms JI ® ] |
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3.2 Thermal Analysis: Physical description process

3.2.3 Define face regions

@ Edit Face region[AIR, AIRGAP_RCTOR,AIRGAP_STATOR, COILMAGMET,ROTOR, SHAFT,SLOT_BORDER, STATOR] x
Entities |M0dﬁrﬂ AIR AIRGAP_RO... AIRGAP_ST... |COIL MAGNET ROTOR. SHAFT SLOT_BORD...|STATOR
El {2 Face region
e Mame * AIR AIRGAP_RQ...|AIRGAP_ST... |COIL MAGMET ROTOR SHAFT SLOT_BORDER| STATOR.
@ comment Initial values
= 6 Thermic *
GThermaI radiation transparency *  Initial values | Automaticall...| Automaticall... | Automaticall, .. | Automaticall. .. | Automaticall. .. | Automaticall... | Automaticall... | Automaticall. .. | Automaticall. ..
= @ Sub types Initial values | Thermal con...|Thermal con...|Thermal con...|Thermal con...|Thermal con...[Thermal con...[Thermal con...|Thermal con...|Thermal con...
= GThermaI conducting region with Thermal con...| Thermal con...| Thermal con...|Thermal con...| Thermal con... | Thermal con...| Thermal con...| Thermal con...| Thermal con...
G material * Initial values |[AIR AIR. AIRGAP SLOT MAGMET FLU_M300_... | ALUMINUM AIR. FLU_M300_...
= G thermal source Initial values |:| |:| |:| I:‘ I:‘
= @ Sub types Initial values |Total heat in... Total heatin...| Total heat in...| Uniform volu.. | Uniform volu. . | Uniform volu.. | Total heatin.. | Total heat in. .| Uniform volu. ..
= GTomI heatin the re Total heat in...| Total heat in... Total heatin... Total heatin.. | Total heatin...
{3 Total heat in t Initial values
= @ Uniform volume de: Uniform wvolu. .| Uniform volu.. | Uniform valu.. | Uniform volu. ..
{3 uniform volurn: Initial values 1 1 1 1
6 Colar * Initial values | Turguoise Green Turguoise Red Turguoise Green Turquaise Yellaw Green ﬁ
e Visibility = Initial values | VISIBLE VISIBLE VISIBLE VISIBLE VISIBLE VISIBLE VISIBLE VISIBLE WISIBLE \‘1)
ﬂ Mechanical set Initial values
o || wey || e ||| ® |

[
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3.2.4 Define line regions for thermal boundary conditions

« STATOR BC

Right click on the Data Tree
1 [Physics] — [Region] — [Line
region], and click on [New]

Create the following two

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

3.2 Thermal Analysis: Physical description process

o Mew Line region

o Mew Line region

o Mew Line region

Name of the region *

Name of the region *

Name of the region *

[eTATOR_BC

[eTATOR_BC

[eTATOR_BC

Comment

Comment

Comment

Thermal 2D \ Appearance \ Mechanical Set \

[ Type of region

Thermal 2D \ Appearance \ Mechanical Set \

[ Type of region

Thermal 2D \ Appearance \ Mechanical Set \

[ Type of region

|Regiun with surface of thermal exchanges

|Regiun with surface of thermal exchanges

|Regiun with surface of thermal exchanges

Internal source ', Radiation ', Convection ',

2 . . Possible internal source heat - Possible radiating source heat - Possible Convective source heat
Line regions T [Possible internal source heaf Possible Convective source heat
|Tota\ heat (formula with /0 parameters) " |Rad|al|0r| to infinite " Convection =
Data Tree [=dl Expression (in W) * Radiation ients ‘Deﬁned by an I/0 parameter '|
B Ge";ﬂ' data = () ‘ Defined by 10 parameters v| h : coefficient of convection
& ety £ emissivity (0=e=1) 105 [l
g"i‘:mm ‘ 08 " fUl Fluid temperature atinfinite ———————————————————————
o Material a: coefficient of absorption (0=a<1}) ‘Deﬁned by an /0 parameter '|
2 B R:g‘::;“ regon 08 [0l Temperature value *
- %, e r 1 Temperature at infinite ‘20 " fUl
(B Sralaly cuke | Defined by an O parameter -
g ::"‘Z"‘E"E”Q“' % ;:‘I::ay :::HW Temperature value *
g _Pr::‘t:wcess'" ¥ Force delete Maj-Supprimer ‘20 " fUl
~( Extensions Set vishble
D ] S C o ] o= || _® o I o J[_® ox | o || @
<[ servers Select all i 2

98

Internal source * Radiation |, Convection ',

Internal seurce ' Radiation ~ Convection |,

& Edit dynamics fields of instance

£ Display PyFlox command
= List

& Find usages

5 XML export

<. Python export
< THT expart

< Excel export

<. Copy o diphoard

J\ ALTAIR
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3.2 Thermal Analysis: Physical description process

3.2.4 Define line regions for thermal boundary conditions

- SHAFT BC

0 MNew Line region

Mame of the region *

0 MNew Line region

. All rights reserved.

[SHAFT_BC

Comment

Thermal 2D \l\ Appearance \ Mechanical Set \
r Type of region

| Region with surface of thermal exchanges

Internal source\l\ Radiation \Convech'on \
Possible internal source heat

[[] Possible internal source heat

| Total heat (formula with /O parameters)

Expression (in W) *

Mame of the region *

0 MNew Line region

[SHAFT_BC

Comment

Thermal 2D \l\ Appearance \ Mechanical Set \
r Type of region

| Region with surface of thermal exchanges

Internal source ' Radiation \I\Convech'on \

rPossible radiating source heat
Possible radiating source heat

|Radiation to infinite

- Radiation coeflicients

| Defined by /0 parameters v|

£ ity (0=£=1)

02 [0l

a: coefficient of absorption (O0=a=1)

[02 |70l

r Temperature at infinite

|Deﬁned by an I/0 parameter v|

Temperature value *

|25 [0l
G o || el || ®

Mame of the region *

[SHAFT_BC

Comment

Thermal 2D \l\ Appearance \ Mechanical Set \

r Type of region

| Region with surface of thermal exchanges

Internal source\ Radiation ' Convection ‘1\
rPossible Convective source heat
FPossible Convective source heat
r Convection coefiicient

| Defined by an /0 parameter

h : coefficient of convection

[3

[0l
r Fluid temperature at infinite
|Deﬁned by an /O parameter v|
Temperature value *
EX] [0l

&) ME=TMA R
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3.2 Thermal Analysis: Physical description process

3.2.5 Assign the Face regions to the Faces

Click on the icon # to
assign regions to volumes.
Or click on the [Physics] -
[Assign regions to geometric
entities] — [Assign regions to
faces (completion mode)]

Assign the created Volume
regions to the Volumes

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

D2 A S 2 ™ e i BN K

e, o a5 e[

Project  Application  Geometry  Mesh

Parameter/Quantity Solving Display View Select Tools Extensions Help

B2 W22

Data Tree

| General data

B3 Geometry
-3 Mesh
B2 Physics
[1-(3 Domain
"'cu?al Material
(= Regions

- o Point region
.i Line region
- i) Face region
€} Mechanical set
[1-3 Blectric dreuit
o3 Parameter/Quantity
#-(2 Solver

t--C1 Post processing
71 Tools

#-[3 Extensions

-5

oo INfinite o
i Periodicity

ch Symmetry

Q Domain options

5

9 % %6 B oY

NIRRT

»
]
]
]

by Material
o Point region
.i Line region

B Face region

- v v w

3 Mechanical set
% Electrical components

4] Circuit

“ Assign regions to geometric entities

ull Assign cail conductar components ko regions

4% fssign solid conductars companents ta regions

3 *‘.3 Assign regions ko points
3 Eﬁ Assign regions ko lines

@- Display arrows on magnet,
A% Delete Arrows

| nad and run physics macro

|7~y als

‘@ Check physics AP
lOO “L Check circuit Alt-C
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3.2 Thermal Analysis: Physical description process

3.2.5 Assign the Face regions to the Faces
« SHAFT and ROTOR

@ Assign regions to faces (completion mode) X @ Assign regions to faces (completion mode) X

101 2\ ALTAIR
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3.2 Thermal Analysis: Physical description process

3.2.5 Assign the Face regions to the Faces
« MAGNET and AIRGAP_ROTOR

@ Assign regions te faces (completion mode) X

@ Assign regions to faces (completion mode) X

102 2\ ALTAIR
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3.2 Thermal Analysis: Physical description process

3.2.5 Assign the Face regions to the Faces
* AIRGAP_STATOR and AIR

@ Assign regions to faces (completion mode) X @ Assign regions to faces (completion mode) X
Faces — Faces
2? = 31
24
123
28
22
Region Face for Faces * Region Face for Faces *
T —— AR

103 2\ ALTAIR
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3.2 Thermal Analysis: Physical description process

3.2.5 Assign the Face regions to the Faces
« STATOR and COIL

@ Assign regions to faces (completion mode) X

@ Assign regions to faces (completion mode) X

}

104 /\ ALTAIR
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3.2 Thermal Analysis: Physical description process

3.2.5 Assign the Face regions to the Faces

- SLOT_BORDER

@ Assign regions to faces (completion mode) X ‘

Faces |

Clean selection

Select last instance

Select by coordinates

@ Assign regions to faces (completion mode) X

Region Face for Faces *

SLOT_BORDER ~|[li

Selection by point

Selection by ine

Selection by surface
Selection by volume
Selection by surfaic region
Selection by constraint
Selection by discretization
Selection by mesh generatar
Selection by relaxation
Selection by shadow face
Selection by color

Selection by visibiiy
Selection by nature
Selection by defect
Selection by magnetic circuit cut
Selection by elsctric loop cut

Selection by infinits box

Faces [ ]im

BRI

3

Reagion Face for Faces *
SLOT_BORDER ~|[k

105
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3.2 Thermal Analysis: Physical description process

Project  Application  Geometry  Mesh Parameter/Quantity Solving Display  View Select Tools Extensions Help
D e @ D || e it TS N A A
- - - - Data Tree i Periodicity »
3.2.6 Assign Line regions to line T — »
-£3 Geometry () Domain options »
L0 Mesh B psterial »
»
»
»

Ble.@eeaay - [

B Physics (lf

o S HAF I B‘ 3 Domain o Paint region
ot Material % Line region

@ (= Regions A Face region
.~ J3paintregion
| B < Line region G5 Mechanical set b

T~SHAFT_BC
..STATOR_BC * Assign regions to geometric entities “ o} Assign regions to points

Click on the [Physics] - [Assign regions to | B g Faceregon

Assian regions ko lnes

1 g ong . . . " 2 Mechanical set @ Load and run physics macro e . " .
geometric entities] — [Assign regions to lines] i ety o it o e )
E ?n‘ve’ . S5ign redions bo Faces (modification mode,
2 Assign the created Line regions to the Lines
@ Assign regions to lines X @ Assign regions tcl\:: ‘:
3 Lo ] ‘ u 133

Region Line 1o assignto Lines

Ee:gu;;loassim toLines b [STATOR_BC -1
e | e e\ —— /®

@\
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3.2.7 Export mesh files

* COIL, STATOR, ROTOR and MAGNET regions

Project  Application  Geometry Mesh  Physics

Solving Display View Select Tooks Extensions Help

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

3.2 Thermal Analysis: Physical description process

022 % & 2 [ 3 ol opmame

e

b, g |9 2 A

& Sensor

THERMAL_COIL_MESH
THERMAL_MAGNET_MESH
THERMAL_STATOR_MESH

THERMAL_ROTOR_MESH

H (=} General data £ Spakial kit » . G e
Click on the 03 Geomery b o ejealy -7 COIL
2 Mesh
2 i ! [ Import parameter and quantity »
1 [Parameter/Quantity] - [Export aQme B ety X MAGNET
I 3 Solver
nodes of regions] — [Export © 6 L STATOR
coordinates of region nodes] £ Sxumaons e
B User overays ks ROTOR
o L[] servers [E ©Open data Import/Export context
2 Export the four region meshes -
Export coordinates of region nodes Export coordinates of region nodes Export coordinates of region nodes Export coordinates of region nodes

X X X X
r Support for exportation rSupport for exportation rSupport for exportation r Support for exportation
|Face region " |Face region '| |Face region '| |Face region "
Face region * Face region* Face region* Face region *
[co =[] [ | || [macNET ~| & | | || [sTATOR ~| & | ||| [rRoTOR |
Expaort file rExportfile rExportfile Expaort file

Export format Export format Export format Export format
|.DEX Flux file format -| | DEX Flux file format -] | DEX Flux file format -] |.DEX Flux file format -|
File Mame * File Name * File Name * File Mame *

[THERMAL_COIL_MESH| [ | THERMAL_MAGNET_MESH [ | THERMAL_STATOR_MESH [ | THERMAL_ROTOR_MESH [

Length unit (meter if any) Length unit (meter if any)

Length unit (meter if any)

Length unit (meter if any)

|MILLIMETER [MILLIMETER

[MILLIMETER

|MILLIMETER

|
Coordinate System of exported coordinates Coordinate System of exported coordinates

|
Coordinate System of exported coordinates

Coordinate System of exported coordinates

v - [xr1 -

[xr1 ~|

%1

-

Position of the mechanical set of the support (if ..

Position of the mechanical setin the file
“Reference position v|

Reference position

"Posm'on ofthe mechanical setin the file

Position of the mechanical set of the support (if .. }

Position of the mechanical setin the file
“Reference position v|

Position of the mechanical set of the support (if ... }

Position of the mechanical setin the file
“Reference position v|

107

Position of the mechanical set of the support (if ... }

G o« J[ e |[ ® J||[E[ ¢ ][ e [ ® 7|

A o || cened [ @ ]|

2 o ]|

concel ]|

7} /\ ALTAIR
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3.2 Thermal Analysis: Physical description process

3.2.8 Finish the physical description
« Check physics

Project  Applicaton  Geometry  Mesh Parameter/Quantity  Solving Display  View
I ™ L ' oo Infinite box »
Data Tree ni Periodicity »
o 5 Syrirnekry ]
_ - General data sh
1 CIICk on [PhySICS] : £3 Geometry Q Domain options »
[Check physics] £3 Mesh R N
3 Physics tufe 1ELENA
(3 Parameter/Quantity o Paint region 4
3 Solver % Line region »
(3 Post processing - Face region 4
3 Tools
(& Extensions \£3 Mechanical set »
f‘! "Bl Electrical components b
User overlays _—
Circuit 4
D Servers m]
L Assign regions o geometric entities (]
u Assign coil conduckor components Lo regions 3
u Assign solid conductors components ko regions »
@ Display arrows on magnet
7% Delete Arraws
| oad and run physics macro »
v+ Check circuit
T
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3.2 Thermal Analysis: Physical description process

3.2.8 Finish the physical description
Save the project as: IKERMAQ_THERMAL_PHYSICS CHECKED.FLU

1

109

Click on [Project] — [Save as]

Define the project name as
“IKERMAQ_MAG_PHYSICS_
CHECKED”

Verify the location
Click on [OK]

Click on [project] — [Exit] to close
the project

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

- Application  Geometry Mesh Physics Parameter/Quantity  Solving

Mew il

ERLEEEETRY

. Open project ... Ctel-0

[ — ¢

B Close

-

Recent projecks L]

\a save Ctrl-5

' Command file ; )

“  Macro »
ﬂ Creerlay 3
1 Import »
I;;i| Expork b
& Print »
i Exit alt-Fa

0 Choose the new name of the project

*

Save In: |[j TkerMAQ

SRENIE] =

(® KERMAQ_MAG_GEOM_MESH.FLU

@) IKERMAQ_MAG_PHYSICS_CHECKED.FLU
() KERMAQ_MAG_PHYSICS_SOLVED.FLU
@) KERMAQ_MAG_POSTPROCESSING.FLU
(®) KERMAQ_THERMAL_GEOM_MESH.FLU

_—

( y \
File N 2 )IKERM&Q_THERMAL_PHYSICS_CHECKEDl
Files of THEE: |Flux213 Project directories

J\ ALTAIR
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3.3 SOLVING AND POSTPROCESSING
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3.3 Thermal Analysis: Solving and postprocessing

3.3.1 Create supports for thermal analysis

L e T Y R T T T
EEEEE ] ) || = A spatisl group 7 el

L3
. Iﬂ] Electric components group *
Open project Data Tree gy ,
. | General data . i a 2
. "KERMAQ_MAG_POSTPROCES =5 comen L ; aTiEecelei o
e 7 Torgue_axis
SING = FLU" from the FIUX -3 Physics Multipaint support: 2
p PP
0 (3 Parameter/Quantity Py
SuperVISOI’ B3 Solver
[+ Post processing Chl-F
. . (3 Tools Supprimer
CIICk On [Support] _ [MUItIpIe (-3 Extensions :‘,"0. Force delete Maj-Supprimer
2 support] — [New multiple support r—
by importation of a list of points] szl
Checking multipoint suppart location

Create the four supports
3 THERMAL_MAGNET

- THERMAL ROTOR THERMAL_COIL THERMAL_COIL_MESH.DEX Fixed support
- THERMAL_STATOR THERMAL_MAGNET THERMAL_MAGNET_MESH.DEX Moving support ROTOR
THERMAL_ROTOR THERMAL_ROTOR_MESH.DEX Moving support ROTOR

THERMAL_STATOR THERMAL_STATOR_MESH.DEX Fixed support =
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3.3.1 Create supports for thermal analysis

112
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3.3 Thermal Analysis: Solving and postprocessing

0 MNew mutipeint support by importation of a list.. X

0 MNew mutipeint support by importation of a list.. X

0 New mutipoint support by importation of a list.. X

0 New mutipoint support by importation of a list.. >

Mame of multipoint support *
[ THERMAL_coIL |

rFile to import
rImport format
| DEX Fiux file format -
File Name *

[THERMAL _COIL_WESH.DEX B3

Length unit (meter if any) *
[MILLIMETER -2

Coordinate System

[xv1 (¥

Moving with a mechanical set
Create moving or fixed support

|Create a fixed support '|

Color of multipoint support *

|Turqu0ise 'HI‘
Visibility *

[visiBLE -

o [ e I ® |

Name of multipoint support *

| THERMAL _MAGNET

¢ File to import

r Import format

| DEX Flux file format

File Mame *

| THERMAL_MAGNET_WESH.DEX

Name of multipoint support *
[ THERMAL_ROTOR |

r File to import

¢ Import format

| DEX Flux file format -
File Name *
| THERMAL_ROTOR_MESH.DEX B3

Length unit (meter if any) *

Length unit (meter if any) *

[MILLMETER

Coordinate System

[30r1

Moving with a mechanical set
Create moving or fixed support

Create a moving multipoint suppart

b |

Create a Moving Support

Fosition of the mechanical setin the file
“Reference position

—

Mechanical set of support*

|roTOR

[MILLMETER -k

Coordinate System

[xv1 ~[»

Moving with a mechanical set
Create moving or fixed support
|Creale a moving multipoint support '|
Create a Moving Support

Fosition of the mechanical setin the file
“Reference position v|

Mechanical set of support *

[roTOR ~][»]

Mame of multipoint support *
[ THERMAL_STATOR |

rFile to import
rImport format
| DEX Fiux file format -
File Mame *
| THERMAL_STATOR_MESH.DEX =

Length unit (meter if any) *
[MLLMETER -k
Coordinate System
[3cr1 ~|[»]
Moving with a mechanical set——————————————
Create moving or fixed support
|Create a fixed support '|

Color of multipoint support *

Color of multipoint support *

Color of multipoint support *

[ Turquoise

Wisibility *

[visiBLE

[ o J[ com [ @ |

[ Turquoise 'H]
Visibility *
[visiBLE -

[Turquoise '“I‘
Wisibility *
[visiBLE -

[ o J[ o J[ @ |

[ o J[ cna [ ® ]
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3.3 Thermal Analysis: Solving and postprocessing

3.3.2 Create new Spatial quantities
* COIL_LOSSES AVERAGE

Click on [Advanced] — [Spatial
transient computation]

Define a new quantity
“COIL_LOSSES_AVERAGEFE”

Select “Computing average
3 values”, “Spatial formula”, and
enter “JOULE_LOSSES”

In the [Computation domain] page,
select the [Limit min] as 72

N

Select the related
[Face regions] in the list

6 Click on [OK]

113

Project Application  Solving  Dataexchange Support Graphic Curve Computation

Display View Help

D2 Jd5d = ™55 B B0 s @ yal e
T " — | [eraphic | ® %
=} | General data - @ (g‘ i Spatial transient computation (min., max., average, ...}
-3 Geometry 7 Predefined computation (Energy, Force, Torque, . )
g ::::‘G Jof tntagral of a spatial quantity
-3 Parameter/Quantity I Current values /O parameter
£ Solver § Measurs
-3 Post processing i’
3 Tools 2 Check mesh
3 Bxensions Error criterion
ZB] Power balance
#  Load and run advanced macro
@ spatial transient computation (min., max., average, ..) b4 @ spatial transient computation (min., max., average, ..) ®

Name ofthe resulting spatial quantity* |

Name of the resulting spatial quantity *

) COIL_LOSSES_AVERAGE

| COIL_LOSSES_AVERAGE

@
@

Definition \ Computation domain \

Definition | Computation domain || 4)

Evolutive path

perator applied on ime
“Computing average values

"| X choice ‘ Parameter name | Currantvalua || Limitmin || Limit max

‘ANGPDSJDTDR | |v 720 [ 1440

‘Quantity to compute

|Spat|al formula

Spatial formula *

JOULE_LOSSES

~Computation domain
|Face regions V‘

Face regions

COIL_A N
COIL_AP
COIL BN
COILBP
N colL_C_N
ColL_C_P

‘ [ Picture

ALTAIR
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3.3 Thermal Analysis: Solving and postprocessing

3.3.2 Create new Spatial quantities
° MAG N ET_LOSS ES_AVE RAG E | ® seetial transient computation (min, max. average. .

IName of the resulting spatial quantity * 2 IName of the resulting spatial quantity *

MAGNET_LOSSES_AVERAGE | [MAGMET_LOSSES_AVERAGE
N’ N
Definition | Computation domain |, Definition '|Computation domain 4
.

0 Spatial transient computation (min,, max., average, .. *

“ODerator applied on time | Evolutive path
. _ Q Computing average values b X choice ‘ Parameter name | Currentvalue || Limitmin |  Limit max
1 Click on [Advanced] [Spatlal i SN ] AEmaTE
traI”ISIent Computatlon] ‘Jou\elosses §} '|
> Define a new quantity
“MAGNET_LOSSES AVERAGE” —
omputation aomain
“ ” Face regions Py -|
3 Select “Joule losses — 5 e Bl
4 In the [Computation domain] page, achEr <2
select the [Limit min] as 72 : =
Select the related
5 . . .
[Face regions] in the list
6 Click on [OK]
Ao ][ cnd [T @ [ pewe | |l e [ e [T ® ][ pewe ] |
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3.3 Thermal Analysis: Solving and postprocessing

3.3.2 Create new Spatial quantities
° R OTO R_LOSS ES_AVE RAG E 0 Spatial transient computation (min,, max., average, .. * 0 Spatial transient computation (min., max., average, ...) X

o
Name of the resulting spatial quantity = if #Y \ Name of the resulting spatial quantity *

ROTOR_LOSSES_AVERAGE NZ ) | |ROTOR_LOssES AVERAGE
Definition | Computation domain | v Definition
|Computing average values - Xchoice | Parametername | currentvalue || Umitmin | umitmax
. Click on [Advanced] — [Spatial comoeme— E s oo | [z v
transient computation] Spatalformula 3}
[IRON_LOsSES o [ 0]
5 Define a new quantity
“ROTOR_LOSSES_AVERAGE” ot e |
ace regions =
3 Select “Spatial formula”, and enter RoToR 5’“2”“““ ™
“/RON_LOSSES”

4 In the [Computation domain] page,
select the [Limit min] as 72

5 Select the related
[Face regions] in the list

6 Click on [OK]

y

Al o ] e [ 6 [ pewe | S (2] = =T N = |
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3.3 Thermal Analysis: Solving and postprocessing

3.3.2 Create new Spatial quantities
« STATOR_LOSSES AVERAGE

0 Spatial transient computation (min,, max., average, ..} * 0 Spatial transient computation (min,, max., average, .. *
Name ofthe resulting spatial quantty * | #y \ Name ofthe resulting spatial quantity ™
e
Definition \Compulahon domain \ Definition /-\
g _ g Operator applied on time Evolutive path { 4 )}
1 Click on [Advanced] !:Spatlal “Compming average values - Xchoice | Parameter name | currenth_4 Lmitmin | Limit max
tranSIent Computatlon] Quantity to compute — |MIGPDS_RDTDR | Iv 720 |v 1450
“ Spatial formula 3\ -|
: : Spatial formula * y )
2 Define a new quantity e [\ Tl
“ ”
STATOR_LOSSES_AVERAGE

Computation domai

Select “Spatial formula”, and enter Face regions
“IRON_LOSSES”

In the [Computation domain] page,
select the [Limit min] as 72

o= ;

|

STATOR

Select the related
[Face regions] in the list

' (6)

6 Click on [OK] A= o= [ ® [ ] o [ e [ ® [ pewe | |
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3.3 Thermal Analysis: Solving and postprocessing

3.3.3 Export average losses in each domain

Click on [Data exchange] — [Export

quantity] — [Export spatial quantity

and formula starting from different
types of support]

Export the average losses for the
following four supports

Project  Application  Solving

EXNEE

Support  Graphic

Curve Computation Advanced Display View Help

Create file for transient startup

Data Tree :f' Export node of regions (]
[=1-| General data

- # Spatial quantit

B3 Geometry S P Y v

-3 Mesh [ Store quantity

(-3 Physics

-3 Parameter /Quantity
3 Solver

(£ Post processing
-1 Tools

[-[23 Extensions

m’ Import parameter and quantity
Export quantity

Ll > v -

[ ©pen data Import/Export context

Bl SN EEd oA
‘Graphic

% o Bjv.@ @@ B2 < albl

patial quanticy and formula starting from different

Export a data table

2
Multipoint support
Multipoint support
Multipoint support
Multipoint support

117

THERMAL_COIL
THERMAL_MAGNET
THERMAL_STATOR

THERMAL_ROTOR

LOSSES_COIL.DEX

LOSSES_MAGNET.DEX
LOSSES_STATOR.DEX
LOSSES_ROTOR.DEX

Reference position

Reference position

Reference position

Reference position

COIL_LOSSES_AVERAGE
MAGNET_LOSSES_AVERAGE
ROTOR_LOSSES_AVERAGE
STATOR_LOSSES_AVERAGE

J\ ALTAIR



3.3.3 Export average losses in each domain
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3.3 Thermal Analysis: Solving and postprocessing

0 Export spatial quantity and fermula starting from different typ... X

o Export spatial quantity and formula starting from different typ... X

0 Export spatial quantity and fermula starting from different typ... X

o Export spatial quantity and formula starting from different typ... X

~Support for exportation - Support for exportation ~Support for exportation - Support for exportation
[ Muttipoint suppont - [ Muttipoint support - [ Muttipoint suppont - [ Muttipoint support -
Multipoint support * Multipoint support * Multipoint support * Multipoint support *

[THERMAL_coi =[]

| THERMAL_MAGNET

~|[d

[THERMAL_ROTOR =[]

| THERMAL_STATOR =0

Region in which the computation points mustbe —————
["] Region in which the computation points must be

Region in which the computation points mustbe ————
["] Region in which the computation points must be

Region in which the computation points mustbe —————
["] Region in which the computation points must be

Region in which the computation points mustbe ————
["] Region in which the computation points must be

|Face region "

|Face region '|

|Face region "

|Face region '|

Face region *

[ar =l

Face region *

(AR ~|[»]

Face region *

Face region *

[ar =l

(AR ~|[»]

- Export farmat - Export format - Export farmat - Export format
| DEX Fiux file farmat - | DEX Fiux file farmat ~| | DEX Fiux file farmat - | DEX Fiux file farmat ~|
File Name * File Name * File Name * File Name *

|LossEs_colLDEx ]

|LOSSES_MAGNET.DEX |2

| LOSSES_ROTOR.DEX

‘ LOSSES_STATOR.DEX

Length unit (meter if any)

Length unit (meter if any)

Length unit (meter if any)

Length unit (meter if any)

[MILLIMETER

-]

[MILLIMETER

-

[MILLIMETER

-]

[MILLMETER ~|[B

System of coordinates of exported data (coordinates and quantities)

System of coordinates of exported data (coordinates and quantities)

System of coordinates of exported data (coordinates and quantities)

System of coordinates of exported data (coordinates and quantities)

L1 ~|[»]

[x1 ~|[»]

L1 ~|[»]

[x1 ~|[»]

Position of the mechanical set ofthe support (if existing) in the file to..

Position of the mechanical set of the support (if existing) in the file to...

Position of the mechanical set ofthe support (if existing) in the file to..

Position of the mechanical set of the support (if existing) in the file to...

Position of the mechanical setin the file
“Reference position -

Position of the mechanical setin the file
“Reference position ~|

Position of the mechanical setin the file
“Reference position -

Position of the mechanical setin the file
“Reference position ~|

Formula*

Formula *

Formula*

Formula *

|COIL_LOSSES_AVERAGE 0]

[MAGNET LOsSES AVERAGE [0l

|ROTOR_LOSSES_AVERAGE |0l

[STATOR_LOSSES_AVERAGE| [0l

[ oc [ cnw JI[ ® |

W o [ s [ &

[ oc [ cnw JI[ ® |

A o J[ s [ ® ] |
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3.3 Thermal Analysis: Solving and postprocessing

3.3.4 Import spatial quantities from magnetic project

=

119

Save and close the project
‘IKERMAQ_MAG_POSTPROCESSING.FLU”

Open the project
‘IKERMAQ_THERMAL_PHYSICS_CHECKED”

Click on [Parameter/Quantity] —[Import
parameter and quantity] —-[New (constant)
tabulated spatial quantity by importation]

Export the average losses for the following
four supports

Project  Application  Geometry Mesh  Physics

Solving Display View Select Tools Extensions Help

fora E ! &
B g"= g| ) ,|”t&,| o, 1/0 parameter v [ gplia i a2 A B w] e gl s
Data Tree 4 Sensor »
E---l(_;E!E'd data ¥, Spatial quantity L3 i ’H & @ B |s I/ ~ o= H < JH
£3 Geometry [ Store quantity 3
=] MES’T Import parameter and quantity 3 Mew kabulated If0 parameter by importation of a 20 kable
3 Physics
[ Parameter/Quantity ﬁ Expart quantity » Madify tabulated IfO parameter by importation of a 2D table
g g:'s";’mmssmg /" Export nodes of regions » it} tabulated spatial quantiy by importation
__D Tools ::.-. Multipaint support » Madify {constant) tabulated spatial quantity by importation
-3 Extensions ~E Path »
B 2D grid 3

[E Open data Import/Export context

SQ_LOSSES_COIL colL
SQ_LOSSES_MAGNET MAGNET
SQ_LOSSES_STATOR STATOR

SQ_LOSSES_ROTOR ROTOR

LOSSES_COIL.DEX
LOSSES_MAGNET.DEX
LOSSES_STATOR.DEX

LOSSES_ROTOR.DEX

Watt/m/m/m
Watt/m/m/m
Watt/m/m/m
Watt/m/m/m

Node to node Reference position

Node to node Reference position

Node to node Reference position

J\ ALTAIR
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3.3.4 Import spatial quantities from magnetic project
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@ New (constant] tabulated spatial quantity by importation X

@ New (constant) tabulated spatial quantity by importation X

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

3.3 Thermal Analysis: Solving and postprocessing

@ New (constant) tabulated spatial quantity by importation X

Support for importation

Name of the tabulated spatial quantity for the result of ion *
@ New (constant) tabulated spatial quantity by importstion X |s0_LossEs_ROTOR |
Name of the tabulated spatial quantity for the result of ion * €_xriiley
|so_Losses_sTATOR | [ surface region -

surface region *

- - Name of the tabulated spatial quantity for the result of importation * = ‘ ROTOR " m
Name of the tabulated spatial quantity for the result of * ‘SQfLDSSESfMAGNET ‘5“’7359 fegion 'l

|S(17LDSSES?CDIL ‘ Support for surface region * Import format

Support for importation [ surtace region -] [sTATOR ~[» | DEX Fluxile format -
| surface region - surface region * rImport format File Name *

surface region * [MAGNET ~[[»] [.DEX Flux file format - |Losses_RoToR DEX [
[con ~|[p Import format File Name *
rImport format |.DEX Flux file format - |LOSSES_STATORDEX -7

| DEX Flux file format - File Name *

File Name * [LossEs MaGNET DEX [

|LOSSES_COILDEX 2l

Length unit (meter if any)

[MILLIMETER ~|[»
Length unit (meter if any) Coordinate system to attach the imporied values

Length unit (meter if any) | MLLMETER - b XY1 ~|[»]
[ mETER =|[] Coordinate system to attach the imported values ot s el il i i
Coordinate system to attach the imported values )1 - H » | Wattim/m/m |
Ll -] Unit of the spatial quantity * Import option
Unit of the spatial quantity * Wattm/mim <] | Node to node -
Wattimim/m - Import option:
Import option |Node to node -
‘Nuda to node v|

Length unit (meter if any)

[MILLIMETER ~|[]
Coordinate system fo attach the imported values
b -
Unit of the spatial quantity *

[Wattm/mim ~]
Import option:

|Nnde1n node 'l

Position of the mechanical set ofthe support (if existing) in the
"Posmnn ofthe mechanical setinthefile—————

Position of the mechanical set of the support (if existing) in the f.
[ Position of the mechanical setin the file

Position of the mechanical set ofthe support (if existing) in the

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

[ Position ofthe setinthefle————
|| Reference position ~||

Position of the mechanical setin the file 1
’V‘Rsference position v”

N == |

||Refsrsncs position v“

‘Rsfererme position v”

J\ ALTAIR
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3.3 Thermal Analysis: Solving and postprocessing

3.3.5 Assign imported spatial quantity to regions pata Tree L
& [General data ]
D Geometry
3 Mesh
-3 Domain
B, B Material
Right click on the four following A et regon
regions in Data Tree [Physms] - jjf.;‘;;'fgg;:n
[Regions] — [Face region]: g —
1 _ COI L :AIRG.&P_STATDR :1>
- MAG N ET .:C -3 Edit array Ctrl-F o
- STATOR g[‘ %) Delete Supprimer
_ ROTO R .Gl )ih Force delete Maj-Supprimer
[}---D"ml?ga:eeﬂf ﬁ?e' Crient material for face region
q -3 Solver et Visible
2 Update the thermal source setting 503 rostrocel smttte
Sg l_—:::ﬂycns @ Edit dynamics fields of instance
:3 Display PyFlux command
ColIL Volume density by formula with spatial quantities SQ_LOSSES_COIL S oot
MAGNET Volume density by formula with spatial quantities SQ_LOSSES_MAGNET j ;:Z;):(E:ﬂ
ROTOR Volume density by formula with spatial quantities SQ_LOSSES_ROTOR < oyt cbontt
STATOR Volume density by formula with spatial quantities SQ_LOSSES_STATOR
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3.3 Thermal Analysis: Solving and postprocessing

@ Edit Face region[COIL]

Name of the region *

[colL

Comment

Thermal 2D \ Appearance\ Mechanical et \ Evaluated information \
r Type of region

|Therma| conducting region with heat thermal source

General \ Iaterial orientation \
Material of the region *
[sLoT

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

3.3.5 Assign imported spatial quantity to regions

@ Edit Face region[ROTOR]

Name of the region *

|ROTOR

Comment

Thermal 2D \ Appearance\ Mechanical et \ Evaluated information \
r Type of region

|Therma| conducting region with heat thermal source

General \ Iaterial orientation \
Material of the region *
~][» @) Edit Face region[MAGNET] ® | FLU_M300_B5A ~][» @ Edit Face region[STATOR]
Possible thermal source Name ofthe region * Possible thermal source Name of the region =
Possible thermal source |MAGNET | Possible thermal source |STATDR
|Va|ume density by formula with spatial quantities '| Comment |Va|ume density by formula with spatial quantities '| Comment
Formula { in Watt/ m3)* || | Formula { in Watt/ m3)*
50_LOSSES_COIL [ 50_LOSSES_ROTOR [
Thermal 20 ' Appearance ', Mechanical Set |, Evaluated information Thermal 2D earance | Mechanical Set | Evaluated information
App
r Type of region r Type of region
Thermal radiation transparency * - - Thermal radiation transparency *
Automatically determined v| ‘Tnerma\ conducting region with heat thermal source | Automatically determinad v| ‘Tnarma\ conducting region with heat thermal source v‘
General \ Material orientation \ General \ Material orientation \
Material of the region * Material of the region *
ok || oy || o [ el [ @ || [uacner -] ok [ oy [ ovent || cnel ][] @ | [FLU_Mg00_g5A ~|[»]
Possible thermal source Possible thermal source
Possible thermal source Possible thermal source
‘Volume density by formula with spatial quantities " ‘\fu\ume density by formula with spatial quantities v|
Formula (in Watt/m3)* Formula (in Watt/m3)*
5Q_LOSSES_MAGNET [l [sa_LossEs_sTATOR| [ f0l
Thermal radiation transparency * Thermal radiation *
Automatically determined -\ Automatically determined ‘|
o [ s [[ o [ ot JI] ® | > Mo | o ] s Y] ® ]

J\ ALTAIR



3.3.6 Create temperature sensors in regions

Click on [Parameter/Quantity] —
[Sensor] — [New] to create the
following four sensors

1

2

123

Edit the thermal source setting

T_COIL_MAX

T_COIL_MEAN

T_MAGNET_MEAN

T_STATOR_MEAN

Operation (on a spatial quantity):
Maximum

Operation (on a spatial quantity):

Average

Operation (on a spatial quantity):

Average

Operation (on a spatial quantity):

Average

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

3.3 Thermal Analysis: Solving and postprocessing

ﬁmmmmuymmm_MMymmrmEmnw

B @& 2 ™

Data Tree

ol 1O parameter

£ Sensor

gﬁ} Edit CwiE

E}‘ General data e Spatial quantity »
[ Geometry @ Store quantity 5 ’@ Delete Supprimer
|"_*] Mesh B’ T e £57) ey 5 ﬁ) Force delete  Maj-Supprimer
23 Physics :
-0 ParameterjQuantity [ Export quanticy ]
D Solver

D Post processing

D Tools

[=}-[= Extensions
Lo Macros

User overlays

D Servers

Tc

Tc

Tc

Face support —
face regions

Face support —

face regions

Face support —

face regions

Face support —

face regions

:_/' Export nodes of regions
5% Mulkipoint support

~E Path

H 2D agrid

- v v -

[ ©pen data Import/Export conkext

COIL

COIL

MAGNET

STATOR

Automatic

Automatic
Automatic

Automatic

J\ ALTAIR
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3.3 Thermal Analysis: Solving and postprocessing

3.3.6 Create temperature sensors in regions

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

Computation method *

|Autumal\c

Computation method *

|Autumal\c

MAGNET

Computation method *

|Autumal\c

@ Mew Sensor 'S @ Mew Sensor 'S @ Mew Sensor 'S @ Mew Sensor 'S
Name of the sensor * Name of the sensor * Name of the sensor * Name of the sensor *
[T_colL_max | [T_COIL_MEAN | T_MAGNET_WEAN | T_STATOR_MEAN |
Comment Comment Comment Comment
Resulis \ Evaluation mode\ Resulis \ Evaluation mode\ Resulis \ Evaluation mode\ Resulis \ Evaluation mode\
r Type of sensor r Type of sensor r Type of sensor r Type of sensor
|Operatiun (on a spatial quantity on a support) " |Operatiun (on a spatial quantity on a support) " |Operatiun (on a spatial quantity on a support) " |Operatiun (on a spatial quantity on a support) "
Applied operator Applied operator Applied operator Applied operator
|Max\mum V‘ |Average V‘ |Average V‘ |Average V‘
Spatial formula * Spatial formula * Spatial formula * Spatial formula *
[Te Lo [Te Lo [Te Lo [Te Lo
Computation support Computation support Computation support Computation support
|Cnmpute on a face support " |Cnmpute on a face support " |Cnmpute on a face support " |Cnmpute on a face support "
|Deﬁned by a set of face regions " |Deﬁned by a set of face regions " |Deﬁned by a set of face regions " |Deﬁned by a set of face regions "
Face regions |}| Face regions |}| Face regions |}| Face regions |}|
oI CoIL et

STATOR

Computation method *

|Autumal\c

[E] |

cod || @

[E] |

cod || @

AIR



3.3.7 Solving process

Solve the scenario

125

Solve the Scenario by
clicking on [Solving] — [Solve]

Select the “Solve with
reference values”

Save as a New project
‘IKERMAQ_THERMAL_PHY
SICS_SOLVED”

Click on [OK]

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

3.3 Thermal Analysis: Solving and postprocessing

Project  Application  Geometry Mesh  Physics Parametﬂ','thty_D’aiay View Select Tools Extensions Help

B2 = g”—m ol ’E|-“ée et i |E Solving scenario

Data Tree

=-| General data

-3 Geometry

(3 Mesh

-3 Physics

-3 Parameter/Quantity

3 Salver

[#-[23 Post processing

B3 Tools

El-[= Extensions
L Macros
-8 User overlays
L[ servers

0 Solve

#) Solve with reference values |

"1 Solve solving scenario

Scenario *|

Save solved project as *
) Current project

(@ New project

| IKERMAQ_THERMAL_PHYSICS_SOLVED)|

l

[ ][ e

"g Check project befare solving process
Solve

'8 Delete results

@ Solving process options

%, Multi physic solving session (new scenario)
%, Multi physic solving session (existing scenaria)

o Generate component for HyperStudy coupling (for HyperStudy 2019.1 and later)

G Generate companent Far GOT-It coupling

J\ ALTAIR



3.3 Thermal Analysis: Solving and postprocessing

3.3.8 Postprocessing

« Compute all the sensor

Click on [Computation] — [On
physical entity] — [Compute]

Define name as
2 13 ”
Sensor_results

Click on [f()] to select the four

3

sensors
4 Click on [Compute]
5 Click on [Store]

126

Project  Application  Solving  Data exchange  Support  Graphic une_advmced Display  View Help

B "

& = | |=[a]s 850

Data Tree

L=

=H-| General data

-

B3 Geometry
m Mesh
-3 Physics

(-3 Parameter/Quantity

-3 Solver
B3 Post processin
-3 Tools

° Edit Compute on physic entity{ComputePhysic]

Supprimear

@ Edit Compute on physic entity[ComputePhysic]

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

General | Computation context |

General \ Computation context |
Storage name *

| Sensor_results_1

r Computed formulas

T_MAGNET_MEAN
T_STATOR_MEAN

—
== ==

Q)

=

Results of computation

Label [ Value

orage name * 2
| sensor_resuits k } | Region ‘ | Circuit | |ru1echanical set|
e
r Computed formulas
T_COIL_MAX L)l
| Region I | Circuit | ‘ Mechanical set T_COIL_MEAN Eid)
T_COIL_MAX T_MAGNET_MEAN [
T_COIL_MEAN T_STATOR _MEAN L)
L

Results of computation

Label Value
T_COIL_MAX 7.7600866065252
T_COIL_MEAN 84.6473998277093
T_MAGNET_MEAN 77.0822379130111
T_STATOR_MEAN 80.7571577566322

|
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3.3 Thermal Analysis: Solving and postprocessing

3.3.8 Postprocessing

127

N

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

Define name as
‘“TEMPERATURE_CELSIUS
_DEGREES”

Enter “TCelsius”

Click on [OK]

Project Application  Solving Data exchange Support

« Show machine temperaturein Cels® » ° & * & < |/[= i s

Data Tree

% Isolines

| General data

-3 Geometry

-3 Mesh

-3 Physics

(-2 Parameter/Quantity
E Solver

D Post ccinA

77 Arraws Spatial Group
A2 Arrows path

,f';}; Arrows Grid 20
'Q' Arrows boundary
@- Arrows on magnet

' Delete

SuUpptirner

» . Display isovalues

-3 Tools o MNew Isovalues

1 4
TEMPERATURE_CELSIUS_DEGREES || 2 )

Comment

General | Complements ',
Support for isovalues

| Spatial group

Groups for computation

1_DOMAIN

Quantity *

Temperature

[Temperature {gradient)
[Thermal conductivity

[Thermal flux (surface density)

3 [TCelsius |

|l

e O
BL=14)=1I o |

J\ ALTAIR
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3.3 Thermal Analysis: Solving and postprocessing

3.3.8 Postprocessing

* Show machine temperature in Celsius

TEMPERATURE CELSIUS DEGRY

Step ACtIOI’\ m_mm_mms : Temperature /

Temperature (Celsius) in

Displayed values
I Default values

Use the sliding bar and the 85553
1 max/min values to adapt the £5.088
scale L s

‘ Max| SEO,.“J‘}
.

Colour scale
||| Flux colour scale w|

re (Cel

Tempexat
@
o
-
—
@

Tempexat:
=
3
Y
B
=

128 /\ ALTAIR



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

3.2 Thermal Analysis: Physical description process

3.3.9 Finish the project
* Save the project as: IKERMAQ_THERMAL_POSTPROCESSING.FLU

Mew el 2 | M|-"é° G w2

1 Click on [Project] — [Save as] : Open project .. Cr-0 —I[c
% Close -
Define the project name as e e L @ Choose the new name of the preject X
2 IKERMAQ_THERMAL_POSTPR e s e &
OC ESSI NG 1) (® KERMAQ_MAG_GEOM_MESH.FLU
. . < Command file ) KERMAGQ_MAG_PHYSICS_CHECKED.FLU
Verlfy the |0cat|0n @ Macro » ® [ERMAQ_MAG_PHYSICS_SOLVED.FLU
(@) KERMAQ_MAG_POSTPROCESSING.FLU
) T8 overlay b (@) KERMAQ_THERMAL_GEOM_MESH.FLU
4 CIle on [OK] (&) KERMAQ_THERMAL PHYSICS_CHECKED.FLU
g g D (@) KERMAQ_THERMAL PHYSICS _SOLVED.FLU
B . . Expork ]
5 Click on [project] — [Exif] to close S it )
the prOJeCt i Exit Alt-Fa

y \
File u‘ 2 )KERMAQ_THERMAL_POSTPROCESSING| |
Files of THEE: |Flux213 Project directories vl
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4. COMPARISON WITH
MEASUREMENTS
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4. Comparison with Measurements

4.1 Electric circuit comparison
« Simulation values have been obtained from explained postprocessing
« Test measurements:

* Mechanical variables (torque and speed) have been measured by the control system of the driven machine

Electric variables (voltage, current, and electrical power) have been measured by oscilloscope and multimeter
applied to the passive load

Mechanical power (kW) 51.10 51.11 0.02
Electrical power (kW) 49.09 48.17 1.91
Phase voltage (Vo) 255.65 255.00 0.25
Phase current (A,ms) 84.72 87.97 3.69
Iron losses (kW) 1.40 1.59 8.81

o Copper losses (kW) 1.17 1.36 13.97 4\ ALTAIR
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4. Comparison with Measurements

0.006

Measurement
Simulation

4.2 Magnetic flux comparison

« Acoil embracing one tooth has been added to 0.004
the prototype to know the magnetic flux flowing
through it as a representative variable of
machine behavior 0.002]

*  Same test coil has been added in simulation

* Very good correlation between simulated and
measured flux

0.000

Flw (rivb)

* Measurements versus simulation plot are
accessible through Altair Compose script 000
IkerMAQ_Mes_Simul_Comparison.oml

* Measured values are available in mat file 0004
Tooth_ Flux_Results

-0.0086; T T T T :
%.000 0.002 0.004 0.006 0.008 0.010 0.012
Time {ms)
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4. Comparison with Measurements

4.3 Thermal comparison
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+ Measurements: Thermocouples have been used to obtain temperature in key points: Magnets,
slot, end-winding, and several points in the housing.

« From these measured temperatures in other points, such as stator, can be deduced

Slot (mean) 83.05°C
Slot (max) 86.13°C
Stator (mean) 79.15°C
Magnet (mean) 75.13°C

133

85.60 °C
86.30 °C
79.50 °C

76.00 °C

2.55°C
0.17°C
0.35°C

0.87°C
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More information about IkerMAQ measurement procedure and measures values available in the
Ph.D. dissertation:

Rodriguez Gonzalez, Alejandro L., “Development of a Multidisciplinary and Optimized Design
Methodology for Surface Permanent Magnets Synchronous Machines”, Ph.D. dissertation, University
of Santiago de Compostela, 2016
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