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1 MATERIALS OVERVIEW

1.1 Main areas of “Materials”

“Materials” is a dedicated application to create and manage materials.
All materials are distributed into seven families:

Lamination

Solid

Magnet

Electrical conductor
Electrical insulator
Gas

Liquid

All the above seven families contain some materials individually. When clicking on each family, the corresponding materials are displayed.

Materials are stocked in databases: A REFERENCE material database is offered. In addition, the users has also the possibility to create
their own materials, that will be stored under a material database USER.

1.2  How to get into “Materials™?

Two ways are possible:
1) From the supervisor, click on “Materials” button.

2) From the Motor Factory DESIGN area, it is possible to check the properties of materials through the STATOR/MATERIALS
section, in ROTOR/MATERIALS section or in STATOR/WINDING section.

Motor Catalog Altair' FluxMotor’
@ Part Library New motor
®_. Materials
<O 2%
@ Script Factory §: %
@ Units ’l/’»/lu\\‘\\\
Preferences i A~ g LRI Hee B

& Resource

@ Help

SM_RSM_IR_3Ph

Recent motors

NewMotor_2 NewMotor1 Traction_moto... SMPM_AQ3 IMSQ_001

.~ Open Altair® Flux®

1 Click on Materials on the left part of the supervisor to open “Materials” application

N\ ALTAIR
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DESIGN

MAGNET  POLARIZATION SIOT  WINDING EXTERNAL  INTERNAL MATERIALS

Im)

Masses

&

Costs.

TTREFENY_1151
(REFEN_1_1151
REFEN 1 1151

ssquireicage  |AEF.Copper
= Magnetic cireut REFM330_35

= Magneuc rcult | AEFM330_35A
Coll conductor REF Copper
= nsulators REF.Nomex 130

= internal Fluid REFAIC
External Fuid REFAIr

(8]

How to get into “Materials” from Motor Factory?

1 From Motor Factory / DESIGN / MATERIALS section for synchronous machines — Inner and outer rotor
2 From Motor Factory / DESIGN / MATERIALS section for induction machines — Inner and outer rotor
3 In “Materials” environment of Motor Factory, the Material database can be opened by clicking on this button.
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1.3 Advice for use

Altair® FluxMotor® is a dedicated to the predesign of electrical motors. The target of Altair® FluxMotor® is to get a quick overview of
technical and economic potential of motors.

The motive of the associated material database is to cover the field of needed materials to build a machine.
So, the aim of the material database is not to give perfectly accurate properties of all the specific materials given by the main material
suppliers all over the world.

The objective of the material database is to propose the main types of needed materials required for building a motor to have a general
overview of motor by using different main kind of materials.

This principle must simply allow visualizing the variation of performance when substituting a material type for another one.

However, the users of FluxMotor® will be able to build their own material database by specifying all the properties needed. Specifying
accurate properties of materials remains the responsibility of the user.

Proprietary Information of Altair Engineering A A LTAI R
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2 MANAGE MATERIALS
2.1 Overview

Here are the main areas of the “Materials” application.

MATERIAL SELECTOR NoFeB_1230_1400 *

REFERENCE MATERIAL - LIQUID

Description -

Name -

JAuthor Le

Reminder r
=

=
-
7
Mechanic - Mass density

s o

Descripon ~___---=""777T 0 TTTTEeel

7

7 [2nd order temperature coef. (K-2) 3.094 E-6
'

Mechanic - Mass density versus temperature

Mass density (Jaon3)

gzesggdoeszdi
;

REMINDER

7
.

Zones of “Materials” application

Access to the system function:

e Assignment of default materials

Zone 1 e Export database

e Import database

See more details on these functions below.

e Edit
Zone 2 e New

e Duplicate
e Delete

Functions to manage the materials in the selected family:

FluxMotor® to cover the basic needs.

Zone 3 Reference material database. In each material family there are some materials which are proposed by

in the user database.
Zone 5

Zone 4 User material database. One user material database is available. All the materials created by the user are stored

Area in which the physical properties of the selected material are displayed.

Zone 6 physical domain and the material family.

Area in which the material physical properties are shown. These properties are classified according with its

Material properties can be modified only for materials in the USER database. To edit a material in the
REFERENCE database it should be copy to USER data base using “duplicate” option.

Proprietary Information of Altair Engineering
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Note 1: In Motor Factory a material from the reference material database has the following prefix:

“REF.” Example: REF.M250.50A.

Similarly, a material from the user material database has the following prefix: “USER.” Example: USER.M250.50A.

MATERIALS ?
N\
Materials
ROTOR
#Magnets REF.SmCo_1040_1800

Magnetic circuit

REF.M330_35A

REF.M330_35A
STA|REF M350_50A

#Magnetic circuit
Coil conductor
#Insulators

REF.M400_65A
REF.M600_50A
REF.M800_50A

REF.M940_50A

CO00 REF.Pure_iron

#Internal Fluid

USER.M235_35A_1

©c

RCF.AT

Selection of a material from the Motor Factory

1 Material stored in the reference material database (Prefix REF.).

2 Material stored in the user material database (Prefix USER.).

Proprietary Information of Altair Engineering
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2.2 Create a new material

A new material can be created and is stored only in the USER material database.

.- MATERIALS

MATERIAL SELECTOR

REFERENCE

ieas
5 Liquid

tlnsulatlng_all
Water

E-Lamination

=-Magnet
—HF_220_270
—HF_380_250
—HF_405_270
—NdFeB_1050_2800
—NdFeB_1110_2500
—NdFeB_1230_1400
—NdFeB_1320_1400
—NdFeB_1370_1273
—SmCo_1040_1800
—SmCo_1100_1800

USER

—E. conductor

—E. insulator

—Gas

—Liquid

—Larmination

E-Magnet

L ndFeB_1110_2500_1
—Solid

MATERIAL
N 0N —%
EDIT NEW DUPLICATE

New material

ETE

Family |Magnet

Name *  [vaoH

How to create a new material?

Ay

By clicking on the icon “New” in the “Material” menu.

2 By using the right mouse button on one family of the user material database.

3 Select the family and the name of the new material in the dialog box.
Family is preselected when material is created using option 2.

Note : Physical properties of the new created material will have by default values. Edit the material to update them.

Proprietary Information of Altair Engineering
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2.3

2.3.1  Overview

Edit a material

properties of a new created material.
Editing a material has two different steps:

Open the material to display its properties
Edit the material properties navigating through the different physical domains.

It is possible to edit a material from the user material database to update its properties. Editing is necessary to introduce the physical

Y .
- EDIT NEW DUPLICATE DELETE @
MATERIAL SELECTOR
REFERENCE MATERIAL - MAGNET NaoH ?
= | ooscrpton eI 1 = R
MADD_65A escription = Tl | N Mechanic_ _Electic  Magnetic
(~M600_504 Name ’_,- H Full name USER.N40H F . Magnet - -~ —ry
~MB00_50A Jauthar e drigue Manufacture: Price (USD/k AR 0.0 »7 DESCRIFTION "~
L ma40_504 Feminder il Sa Autnor ¢ avgrguez |
i—Magm ',’ S Manufgfturer N
£-Soig _ S——— || |Presusona) oo, |
- Aluminium_6061 Megthanic N . _‘=: REMINDER =l
=
(~EN_1_4057 1
B e , Electric @ 1
(~EN_1_4418 1
Pure_iren 1 Reslstivity :
USER j erorence i
E. conductor '
E. insulator i 1
Gas [
Liquid .'
Lamination operating temperature (“C h
- Magnet 3
Solid ergy P:l = 1 "” ES ’r
Close perating :unﬂlmqs\ 'I
Duplicate FMperature (°C) ‘~_~ o0ad line permeance coef S
Rename  [AONELC fleld at operating pAiNt4A/m)  |3.901 E5 Flux censity at operating point (T 02 E-1 ’
Detete 5-“*‘,*“ _ o
Detaul [, netic - Flux density versus magneticfleld |~ === === o —om—mmmm =" ~ o
:'I ‘ . & B(H) ! :
How to edit a material to update properties?
1 By using the right mouse button on one material of the user material database.
2 By selecting a material and clicking in “Edit” in the “Material” menu.
3 Outputs- Material properties (values and eventually curves) will be displayed.
4 Inputs — The general description of material can be modified in this area (Author, Manufacturer, Price and Reminder)
Note that the price is used in Motor Factory to compute the overall cost of the machine (for materials).
Use the icons of this menu to select the category.
Depending on the material family some of all these categories may be available:
e Description
e Mechanic
5 e Electric
e  Magnetic
e Iron losses
e Thermic
e  Operating conditions

Proprietary Information of Altair Engineering
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2.3.2 Outputs

In this area all the physical properties of the material will be shown including the inputs variables, and also the physical properties deduced

from the inputs and curves describing the material behavior.

The output information will vary depending on the family of the considered material.

MATERIAL - E. CONDUCTOR

Description

ription I |
Name | Aluminium Full name REF Aluminium |Famity
tauthor Fluddator Manufacturer Flustotor Price (USDVkG)
Reminder

E. conductor
oo

Mechanic

e | i | i
Mass density 3] 27030

Electric

m I | |
Reference temperature (*C) |2D o Izotropic resist fm 2826 E-8 Temperature coef, (K-1)

403 E-3

Thermic

ermal
Reference temperature (*C}) |2U o |sotropic thermal conductivity (Wiim 204.0 Specific heat (W

\1960

MATERIAL - MAGNET

Magnetic

pese | | |
Reference temperature (*C) 200 Maximum operating temperature (*C)
Remanent induction Br (T) 1.0 Intringic coercivity He (Adm) 25E6 Relative permeability pr
Fev. temperature coet_ for Br (K-1) -0.001 Rev. temperature coef. for Hed (K-1) -0.005
Energy product (B Hymax (W'm3) 1913 ES (Coercivity HeB (A/m) |7 652 ES
|Operating conditions

ITefmperature ("C) 200 Load ling permeance coer || U]

Magnetic field at operating point (A/m) _ |3.901 ES Flux density at operating point (T) 14.902 E-1

1500 Curie temperature (*C)

3500
1.04

Magnetic - Flux density versus magnetic field

2666 2466 236 SE6  -UBEB  -ABEB  -l4E6 136 -1E6 5 ££5 55 285
Demagnetizing field (A/m)

| B{H) at 20.0 (°C) — Initial J{H) &t 20.0 (°C) Load line with permeance coef. 1.0

B B(H)

B4 initial 4(H)
O (8 Hymax
E Load line

Output area

Ay

Example of a material from the family “Electric conductor”.

2 Example of a material from the family “Magnet”.

Proprietary Information of Altair Engineering
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233 Inputs

In this area the properties of the material can be edited if it belongs to the USER database.

To introduce the variables values the user should navigate between the different categories. Categories will vary depending on the family
of the edited material.

N4OH 2

= ® f B . (1)

Descr. Mechanic Electric Magnetic

MAGNETIC
Reference temperature (°C) 20.0
Remanent induction Br (T) 1.0
Intrinsic coercivity Hcd (A/m) 25E6
Relative permeability pr 1.04 . @
Rev. temperature coef. for Br (K-1) |-0.001
Rev. temperature coef. for HeJ (K-1) |-0.005
Maximum operating temperature (°C) |150.0
Curie temperature (°C) 350.0

V| (3)

Method to define the material properties

1 Select the category.
Introduce the desired values.
3 Use the apply button to accept the new values.

N

N\ ALTAIR
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2.3.31

Lamination inputs

Here are the properties that can be edited in a lamination:

Category Label Unit
Author *
SesEEE Manufacturer *
Price USD/kg
Reminder *
Sheet thickness mm
Stacking factor 1
Mechanic data | Mass density kg/m3
Young modulus N/m2
Poisson ratio 1
Relative permeability (linear BH model) 1
. Saturation magnetic polarization (non-linear BH model) T
Magnetic data — - - -
Initial relative permeability (non-linear BH model) 1
Knee coefficient (non-linear BH model) 1
Hysteresis loss coefficient 1
Exponent of B for the hysteresis losses 1
Exponent of f for the hysteresis losses 1
Iron Loss Classical loss coefficient - Sine wave 1
Exponent for the classical losses 1
Excess loss coefficient - Sine wave 1
Exponent of B for the excess losses 1
Reference temperature °C
Thermic data Sheet thermal conductivity at reference conditions WI/K/m
Insulation thermal conductivity at reference conditions WI/K/m
Specific heat at reference conditions J/K/kg
S(?r?c;?ttilc;]r?s Frequency Hz

Note 1: The B(H) curve is defined with an analytical model given in the Advanced section: Create a B(H) curve.

Note 2: A stacking factor is considered to define the B(H) curve to analyze the behavior of the magnetic circuit of the machine.

The user must define the magnetic characteristics of the solid material while the magnetic characteristics of the lamination stack are
automatically deduced considering the value of the stacking factor.
See Advanced section: Create a B(H) curve.

Note 3: Electric properties are defined via iron loss model.

Note 4: Iron losses are defined with an analytical model given in Advanced section: Define iron loss parameters.

Note 5: The thermal conductivity “in depth” along the stacking direction: Kq is computed as follows:

St Stacking factor
Kins Thermal conductivity of the lamination insulation
Kiam | Thermal conductivity in the lamination

K« XK
Kd — ins lam

Kins X Sf + (1 - Sf) X Klam

Note 6: The thermal conductivity of laminated regions is considered to be constant, whatever is the temperature of the region.

Proprietary Information of Altair Engineering
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2.3.3.2 Solid data

Here are the properties that can be edited in a solid:

Category Label Unit
Author *

SesEEE Manufacturer *
Price USD/kg
Reminder *
Mass density kg/m3

Mechanic data Young's modulus N/m2
Poisson’s ratio 1
Reference temperature °C

Electrical data Isotropic resistivity at reference conditions Ohm*m
Isotropic resistivity temperature coefficient 1/K
Relative permeability (linear BH model) 1

. Saturation magnetic polarization (non-linear BH model) T

Magnetic data — - - -
Initial relative permeability (non-linear BH model) 1
Knee coefficient (non-linear BH model) 1
Reference Temperature °C

Thermic data Isotropic thermal conductivity at reference condition W/K/m
Specific heat at reference conditions J/K/Kg

Note 1: The B(H) curve is defined with an analytical model, as described in the Advanced section: Create a B(H) curve.
Note 2: Iron losses are not considered in solid materials.

Note 3: The relation between the electrical resistivity and the temperature is described in Advanced section: “Impact of temperature on
physical properties”.

Note 4: The thermal conductivity of solid regions is considered to be constant, whatever is the temperature of the region.

.\ ALTAIR
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2.3.3.3 Magnet data

Here are the properties that can be edited in a magnet:

Category Label Unit
Author *
Besaistar Mgnufacturer *
Price USD/kg
Reminder *
Mechanic data Mass density kg/m3
Reference temperature °C
Electrical data Isotropic resistivity at reference conditions Ohm*m
Isotropic resistivity temperature coefficient 1/K
Reference temperature °C
Remanent flux density at reference conditions Br T
Intrinsic coercivity HcJ A/m
Weaate dkin Relative permeability _ 1
Reverse temperature coefficient for Br 1/K
Reverse temperature coefficient for HcJ 1/K
Maximum operating temperature °C
Curie temperature °C
Reference Temperature °C
Thermic data Isotropic thermal conductivity at reference condition W/K/m
Specific heat at reference conditions J/KIKg
. - Temperature °C
Operating conditions - —
Load line permeance coefficient 1

Note 1: The relations between the remanent flux density, the intrinsic coercivity and the temperature are described in advanced section:
“Impact of temperature on physical properties”.

Note 2: The thermal conductivity of the magnet regions is considered to be independent of temperature.

Proprietary Information of Altair Engineering
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2.3.3.4 Electric conductor data

Here are the properties that can be edited in an electrical conductor:

Category Label Unit
Author *
SesEEE Ménufacturer *
Price USD/kg
Reminder *
Mechanic data Mass density kg/m3
Reference temperature °C
Electrical data Isotropic resistivity at reference conditions Ohm*m
Isotropic resistivity temperature coefficient 1/K
Reference Temperature °C
Thermic data Isotropic thermal conductivity at reference condition W/K/m
Specific heat at reference conditions J/K/IKg

Note 1: Non-magnetic behavior.

Note 2: The relation between the electrical resistivity and the temperature is described in Advanced section: “Impact of temperature on

physical properties”.

Note 3: Thermic variables (thermal conductivity and specific heat) are considered to be constants and independents of temperature.

Reference temperature is given, but its value does not affect the thermal model of the conductor.

2.3.3.5 Electric insulator data

Here are the properties that can be edited in an electrical insulator:

Category Label Unit
Author *
Seserister Mffmufacturer *
Price USD/kg
Reminder *
Mechanic data Mass density kg/m3
Reference Temperature °C
Thermic data Isotropic thermal conductivity at reference condition W/K/m
Specific heat at reference conditions JIK/IKg

Note 1: Non-electrical and non-magnetic behavior.

Note 2: Thermic variables (thermal conductivity and specific heat) are considered to be constants and independent of temperature.

Reference temperature is given but its value does not affect the thermal model of the insulator.

Proprietary Information of Altair Engineering
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2.3.36 Gas data
Here are the properties that can be edited in a gas:
Category Label Unit
Author *
SesertEian Mgnufacturer *
Price USD/kg
Reminder *
Reference pressure Pa
Mass density reference temperature °C
Mass density at reference conditions kg/m3
Mass density first order temperature coefficient 1/K
. Mass density second order temperature coefficient 1/K?
Mechanic data
Dynamic viscosity reference temperature °C
Dynamic viscosity at reference conditions kg/m/s
Dynamic viscosity first order temperature coefficient 1/K
Dynamic viscosity second order temperature coefficient 1/K?
Thermal conductivity reference temperature °C
Thermal conductivity at reference conditions WI/K/m
Thermal conductivity first order temperature coefficient 1/K
Thermal conductivity second order temperature coefficient 1/K?
Thermic data
Specific heat reference temperature °C
Specific heat at reference conditions J/K/kg
Specific heat first order temperature coefficient 1/K
Specific heat second order temperature coefficient 1/K?
Operating conditions Pressure Pa

Note: Gas is considered to have no electrical and no magnetic properties.

Proprietary Information of Altair Engineering
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2.3.3.7 Liquid data
Here are the properties that can be edited in a liquid:
Category Label Unit
Author *
Manufacturer *
Price USD/kg
Reminder *
Mass density reference temperature °C
Mass density at reference conditions kg/m3
Description Mass density first order temperature coefficient 1/K
Mass density second order temperature coefficient 1/K?
Dynamic viscosity reference temperature °C
Dynamic viscosity at reference conditions kg/m/s
Dynamic viscosity first order temperature coefficient 1/K
Dynamic viscosity second order temperature coefficient 1/K?
Thermal conductivity reference temperature °C
Thermal conductivity at reference conditions W/K/m
Thermal conductivity first order temperature coefficient 1/K
Thermal conductivity second order temperature coefficient 1/K?
Thermic data
Specific heat reference temperature °C
Specific heat at reference conditions J/K/kg
Specific heat first order temperature coefficient 1/K
Specific heat second order temperature coefficient 1/K?
Thermal expansion reference temperature °C
Thermal expansion at reference conditions 1K
Thermal expansion first order temperature coefficient 1/K
Thermal expansion second order temperature coefficient 1/K?

Proprietary Information of Altair Engineering
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2.4  Duplicate a material

All the materials can be duplicated either from the reference material database or from the user material database.

For any origin of the material (reference or user material database), the new material resulting from the duplication will be stored in the
user material database.

Duplicate a material allows creating a new material from one already existing with another name. It is possible to modify (by editing it) the
corresponding properties to personalize it.

USER MATERIAL

E N N N N
MNEW

Liguid
. EDIT DUPLICATE DELETE
Larnination

£-Magnet ‘
L " Edit
Solid ol
ose
Duplicate .‘/

Duplicate material El

Rename o -

EW name
Delete |N40H 1[ l
Default ’//'.

@

How to duplicate a material?
1 In any case, the material to be duplicated must be selected
The first way to duplicate a material consists of using the right mouse button to expand the corresponding menu and
then clicking on the function Duplicate.
The second way to duplicate a material consists of clicking on the “Duplicate” button in the area, where several
functions are located at bottom part of the user material database to manage the materials.
4 Select the new name of the new material in the dedicated dialog box and accept the duplication.

.\ ALTAIR
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25 Rename a material

All the materials stored in the “User material database” can be renamed. The name of materials stored in the reference material database
cannot be renamed. If needed, they can be duplicated as illustrated in the previous section.

® @
@........1.- ER=NE
M M N M @

MATERIAL SELECTOR
REFERENCE

E. insulator i

-Gas

Liquid

~Lamination
FeCo50_50
M1000_85A
M235_35A
M250_504 . . .
M300_358 Rename material Lamination_1
M330_354
M350_504
1400_65A
M600_50A New name *  [Lamination_2

Ma00_504
M340_508
Mannat

(-E. insulator
Gas

-Liquia
Lamination

Magnet
Lsoug

How to rename a material?
1 Click on the material label you want to rename (click on the right mouse button)

> Give a new name in the dedicated dialog box.
Note: The new name must not already exist in the material database, even for another type of material.

N\ ALTAIR
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2.6 Close a material

“Close a material” consists of removing the tabs of the material from the display area (output area). Several materials can be edited at
the same time, therefore editing a new material does not automatically close the others.

Two ways are possible to close a material. These are shown below.

Note: The properties of the materials are hidden, but the material still exists in the material database.

USER

—E. conductor
—E. insulator
—Gas

- Liguid

I~ Larnination
E-Magnet

—Solid

Edit
Close

Duplicate
Rename

Default Clos

MATERIAL - MAGNET

Close all
Close others

How to hide the material properties?

1 By selecting the material, clicking the right mouse button, and selecting the close option.

selected one.

By selecting the material tab (above the display area), clicking the right mouse button and selecting one of the
2 proposed options: close only the selected material, close all the materials or close all the materials excepting the

Proprietary Information of Altair Engineering
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2.7  Delete a material

“Delete a material” implies that it is removed from the material database.

Only materials from the user material database can be deleted.

Note: While deleting a material used in the design of an existing motor, the name of this material and all the corresponding physical

properties are kept in the data of the motor. These are kept if the material is not changed in the motor. If the material is replaced by
another one, the former material (removed from the material database) won’t be usable anymore.

MATERIAL

materias (NSO \V SR \N S \'S

EDIT

DUPLICATE DELETE

MATERIAL SELECTO

REFERENCE

TE. conductor
+~E. insulator

IJ-’.:- Gas
L air
[T'—Liquld
L*r'— Lamination

- Magnet
- Solid

Remove material ?

Do you really want to remove the material [USER .N40H]?

USER

-E. conducter

E. insulator
+-Gas

Liquid

Lamination

- Magnet
I ghoH  mewwn

Solid

Close

Duplicate
Rename

Delete ® @
Default

How to delete a material?

1 Select the name of the material to be deleted.

2 The first way to delete a material consists of using the right mouse button to expand the corresponding menu and
clicking on the function “Delete”.

3 The second way to delete a material consists of clicking on the “Delete” button in the area where several functions are
located at bottom part of the user material database to manage the materials.

4 A dedicated dialog box allows finalizing the deletion of the selected material.
Note: Several materials can be selected to be deleted.

5 The deletion of the material is achieved when clicking on “Yes”.
Obviously, it is possible to cancel the deletion by clicking on “No”.
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2.8  Export a material datasheet

It is possible to export the datasheet of a material which is being displayed.

Material properties are classified in different categories depending on its family. It is possible to choose one or several of these categories

to be exported.

Export results E

N40H ? EXPORT INFORMATION
Export name Cogging torque
‘E] @ / j > 3 Export format txt
Descr. Mechanic  Electric  Magnetic —eDeslination folder Ci\Users\arodriguez
5 Sl units No
DESCRIPTION Merged results No
Author arodriguez .
Sections
Manufacturer
Price (USD/kg) 0.0  Configuration
¥ Inputs [l settings
REMINDER Bl Magnets

[4] Main results
¥ Mag. fiux

[l Cogging torque

[#] Graphs & tables
¥l Cogging torque

=X

@

[4] Cogging torg. harm.

¥l Cogging torq. harm.

@

©® O

How to export a material datasheet?

By using the dedicated button inside the input area, a dedicated dialog box gets opened

Name of the exporting text file

Choice for exporting data into *.txt or *.xls files

Folder in which the provided file will be stored

gl (R WIN|F-

System of units for numerical data can be given using Sl Units (Units based on International System of Units). If the
answer is “No”, the default units used in FluxMotor will be considered

Merged results means the results are written in one single text file.
When the answer is no, a text file is provided for each category of result.

Visualization of all categories of the material properties. Categories must be checked for adding them to the text files.

Button to apply inputs, closing the panel and opening the folder in which the generated text files are stored

O|ON| O

Button to cancel action and close the panel
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3
3.1

SYSTEM FUNCTIONS
Overview

The main system functions are directly accessible from the “Materials” application area.
Expanding the menu in the left top part of “Materials” is also available.

Here is the presentation of these functions:

Materials *

About 4
Debug Ctri+D
Help

Exit

Ctr+Q MATERIALS

MATERIALS

Access to the top menu of “Materials” area to reach functions like (1%):

1 Debug mode

2 Select default materials ready to be used in Motor Factory via Quick building access.
3 Import materials databases

4 Export materials databases

Proprietary Information of Altair Engineering
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3.2 Define default materials

The aim of this option is to declare a default material for each material family.
Each time a user creates a new machine in Motor Factory, these default materials will be automatically chosen.

Here is the way to define default materials:

® @ ®
8] Matprials Efl
- T ®

- —

MATERIAL SELECTOR

REFERENCE Select default matei ‘als El Select default materials E]
~Lamination =

EDIT NEW DUPLICAT DELETE

DEFAULT MATERIALS DEFAULT MATERIALS
E. conductor REF Silver E. conductor REF Silver
E. insulator REF .Nomex_180 E. insulator REF Nomex_|180
Gas REF Air Gas REF Air
Liquid REF .Water Liquid REF Water
Lamination REF FeCo50_50 Lamination REF FeCo50_50
Magnet REF.SmCo_1040_1800
Solid REF Pure_iron Solid s e

IREF NdFeB_1230_1400
REF NdFeB_1320_1400
[REF NdFeB_1370_1273
E. conductor [REF SmCo_1040_1800
i~ E. insulator REF SmCa_1100_1800
- Gas [REF SmCo_880_2000

L Liquid ,ZI ® lser o

: ©

- Magnet
Solid
1 Main button to open the dialog box allows declaring the default materials.
2 Dialog box allows choosing one default material for each material family.
For each material family, expanding the menu allows choosing among all the possible materials stored in the material

3 database (REFERENCE as well as USER material database).
4 The choices of default materials are achieved when clicking on the “Validate” button.
It is also possible to cancel the choice.
5 Additionally, it is possible to choose any material as the default material of its family by clicking the right mouse button

on it and selecting the “Default” option.
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3.3

It is possible to export the materials databases from user material database and share it with the other users.

Export materials databases

Here is the way to export materials:

©) ®

MATERIAL

A

DUPLICATE

MATERIALS

8\
’»’%0
14

DELETE

A

EDIT

&

E Materials

MATERIAL SELECTOR
REFERENCE Export &I
* Lamination = USER DATABASE Database path * [CAUsers [ 1@
FeCo50_50 —E. conductor
M1000_65A I——— EXTERNAL DATABASE
M235_35A = Gas —E. conductor
M250_50A L air_1 I~ E. insulator O
M300_35A — Liquid > &6 5
M330_35A | Lamination Liquid
M350 _50A - Magnet “ I ln.:mina‘liun
M400_65A L -~ Magnef
M800_50A - e
USER
E. conductor L4 @
} E. insulator
~-Gas
—Air_1
*t?‘lm::ﬂlnn @
< Magnet
| o
Solid
®» ©
1 Main button to open the dialog box allows exporting materials.
Dialog box allows exporting materials from each material family.
2 . . .
Note: Only materials from user material database can be exported.
3 Select the path where the exported materials will be stored.
Note: This selection is mandatory to continue the process of exporting.
4 Select the materials to be exported in each family. This will confirm the exported database.
5 Choose to export the materials one by one.
6 Choose to export all the materials at the same time.
7 Visualize the materials which are already selected to be exported.
8 Exporting selected materials is achieved when clicking on the Export button.
Moreover, it is also possible to cancel the process of exporting.
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3.4  Import materials

It is possible to import materials from external material database built by another user of FluxMotor®. All the imported materials will be

stored in the user material database.

Here is the way to import materials:

@

Materials

- —

MATERIAL SELECTOR

REFERENCE
~Lamination
| FeCo50_50
~M1000_65A
- M235_35A
—M250_50A
| M300_35A
|~ M330_35A
|~ M350_50A
|~ M400_B5A
|~ M600_50A
|~ M800_50A

USER

—E. conductor
~E. insulator
- Gas

Air_1
—Liquid
~Lamination
=-Magnet

N40H
—Solid

MATERIAL

B & R

EDIT NEW

DUPLICATE DELETE

Detabase o [ C:Usar 1@ USER DATABASE
EXTERNAL DATABASE E. conductor

#-E. conductor E. insulator
7 E. insulator rel! Gas

L Nomex_130 Liquid
7 Gas « ~Lamination

L air ~Magnet
I~ Liquid L ek
*:ﬂamlna'ilen -
I~Magne!
4 Solid *

DE®

1 Main button to open the dialog box allows importing materials.

N

Dialog box shows importing materials from each material family.
Note: Imported materials will be stored in user material database.

Select the path from which the materials must be imported.
Note: This selection is mandatory to continue the process of exporting.

Select the materials to be imported from each family.

Choose to import the materials one by one.

Choose to import all the materials at the same time.

Displaying of the materials that are chosen for import (after exporting).

0 (NjoO|h~[ W

Importing selected materials is achieved by clicking on the Import button.
Moreover, it is also possible to cancel the process of importing.
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3.5
3.5.1

General functions

Debug mode function

The Debug mode function is dedicated for solving the problem in the “Materials” application.
In case of trouble, instructions will be given by the FluxMotor® support team to use this function.

Exit

MATERIAL SELECTOR

MATERIALS

REFERENCE
Lamination
FeCo50_50
M1000_65A
M235_35A

M250_50A

Open FM appdata

refresh JLC project

([ Part Prototype

[y Parameter

{—[4 Constraint

[ Cooling External Radiation Setting
[ Cooling External X-factor Setting
—[ Cooling Internal Interface Gaps Setting
(—[4 Cooling Internal Radiation Setting
[™ Cooling Interal Slot model Setting
[ Cooling external fluidic setting
—[@ Cooling internal X-factor Setting
—[ Cooling internal fluidic setting

—[ Coordinate System

t—[ Transformation

{0 Line

[™ Fm bearing abstract

—[3 Fm cooling external

[ Fm cooling internal abstract

i~ Fm cooling manager abstract

[ Fm data manager abstract

i—[3 Fm design abstract

(B Co bvnsieis 1

feniis abetrant

= @ information

-

214.6/256.0MB -

Mode debug

1 Access to “Debug mode” from the menu in the top of the “Materials” application.

2 Dialog box corresponding to the “Debug mode” function.

. Access to the “Debug mode” is possible by using the shortcut CTRL-D, defined in the user FluxMotor® preferences.

For more information, refer to the chapter “User’s Preferences”.
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352 Exit

Closing “Materials” application is possible

O3 X

Debug Ctri+D
Help

MATERIALS

Exit — Close “Materials” application
1 Close “Materials” application from the top menu of “Materials” application.
Close “Materials” application by using the following icon on the right top part of the “Materials” application panel.
Note: Close “Materials” application by using the shortcut CTRL-Q defined in the user FluxMotor® preferences.
For more information, refer to the chapter “User’s Preferences”.
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4.1
411

ADVANCED

Define a B(H) curve
Create a B(H) curve — Main principles

approximation of the experimental curve.

The corresponding mathematical formula is written as follows:

B(H) = po xH+]Js X

Hy+1—/(Hy+1)2—4xH, x(1—a))
2x(1—-a)

with HazpoxHx”;—_1
S

The model consists of a combination of a straight line and a curve. A coefficient allows the adjustment of the knee shape for better

Permeability of vacuum.

Up=4xXmx1077
Uy

Relative permeability of the material

H Magnetic field (A/m).

Js Magnetic polarization at saturation (T).
a Knee coefficient of the curve (a >0 and a=# 1).
The smaller coefficient will give the sharper knee point.

The impact of the knee coefficient “a” on the shape of the B(H) curve is illustrated in the below figure.

Iser I
ion Js (T) 20

Initial relative

| ! |
0.01

ity or 30000

iaturation mag.

Magnetic - Flux density versus magnetic field

Knee coefficient

Flux density (T)
-~ B =

Knee coeflicient

3000.0

User
2.0

Saturation mag. polarization Js (T) Initial relative permeability ur

Magnetic - Flux density versus magnetic field

500

1000 1500 2000 2500 3000 3500 4000

8500 £000
Magnetic fie

\

Flux density (T)
\

G000 £500 9000 9S00 10000

7500

B 00 1500 00 2500 000 300 4000 4500 00 500 w000 8500 o
Magnetic field (A/m)

Shape of B(H) curve with the function of knee coefficient.
Left knee coefficient = 0.01. Right knee coefficient =5
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4.1.2 Create a B(H) curve — Process
4.1.21 Overview

A linear or a non-linear B(H) curve is considered.
In the first case, only the constant value of the relative permeability must be given by the user.

If a lamination is considered, the relative permeability of the lamination stack is automatically deduced.
If a non-linear B(H) curve is considered, these three main parameters of the magnetic characteristics must be defined:

. The magnetic polarization at saturation Js
e  The magnetic permeability (ur)
e  And the knee coefficient a

If a lamination is considered, the corresponding magnetic characteristic is automatically deduced.

4.1.2.2 Define a B(H) curve from user input parameters

Here is the process to define the B(H) curve from the “Materials” application. In this example, it is considered that the user knows exactly
the coefficients to be set.

] a
i = (&) =
= @ T F— 1 = 2 F F .
Descr. Mechanic FLECGEIEY Iron losses Descr. Mechanic FLUERTEIEE [ron losses
BH BH O

Ty...

Ty...
E/ @
MAGNETIC MAGNETIC
Relative permeability pr |3 000.0 0—‘@ Saturation mag. polarization Js (T) |2.32
Initial relative permeability pr 9800.0 .—4®

Knee coefficient 0.65

Characterization of the B(H) curve
When editing the properties of an existing material (lamination and solid families), a category is dedicated to the
magnetic data. Hence, clicking on the “Magnetic” one can define the B(H) curve.
2 In the example above, the linear B(H) characteristic of a lamination is considered
Only the relative permeability of the corresponding solid material is given.
3 The resulting relative permeability of the lamination stack is automatically deduced (considering the stacking factor
mentioned in the mechanical data).
4 In another example, the non-linear B(H) characteristic of a lamination is considered.
The three main parameters of the magnetic characteristic that must be given are:
e  The magnetic polarization at saturation (Js)
5 e  The magnetic permeability (pr)
e And the knee coefficient a
The resulting magnetic characteristics of the lamination stack is automatically deduced (considering the stacking factor
mentioned in the mechanical data).
Another method is possible to define the non-linear B(H) curve of a material.
If the user has measurement or computation points representing the B(H) curve to model, it is possible to import these
data to define the corresponding characteristics.
This consists of importing a B(H) curve via an Excel file and identifying the three parameters Js, prand knee coefficient
with an optimization process.
Click on the icon “Fit” to run this process (only available for non-linear model).

.\ ALTAIR
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41.2.3 Define a B(H) curve from experimental data

Here is the process to define the characteristics of the B(H) curve from the importation of series of points representing the B(H) curve

listed in an Excel file.

Magnetic

Fiting
Saturation mag. polarizaion 55 (1) 2313 Intial rlativs permaiaty 9772248 [Kneo coeficiont 6 457 E-1
User |

Jarization Js (T) 2313 Initial relatlve permeatitty e 9772248 Kneo coeficient 6457 E.1

Magnetic - Flux density versus magnetic field
!

N & Ber user
" & Deta
"

21t

e

o

Data flo
Intial relative permeabity yr e~ Auto

PR Py ] = seom

?
Wagnetic ' =
Fiting I [ Fomg IR
‘Saturation mag. polarization Js (T) 2313 Initial relative permeability ur 9772.248 Knee coefficient 6.457 E-1

User | MAGNETIC

Saturation mag, polaraation Js (1) 25 el 70000 Knas costicant 20 et (12
il relative permesiy pr o000 o |
- b - - . Knee caeficiert 20
Magnenc ieid (vm) Wagnetic - Flux density versus magnetic fisld

2 B @ @
2 BH) user
2 Data

Identification of the B(H) curve characteristics

1 Dialog box allowing the characterization of the B(H) curve imported from an Excel file
2 Path where Excel file to be imported is stored. See an example of Excel file below.
Accept the import of the Excel file data.
When importing an Excel file, points representing the B(H) curve are listed. An optimization process automatically
computes and displays the corresponding characteristics Js, pr and a.
3 At the same time three curves are displayed:
Red points are the imported points (listed in the Excel file)
Blue curve is the resulting curve computed by the optimization process. This corresponds to the computed characteristics
and displayed just after the computation.
The black curve shows modifications induced if the characteristics Js, pr and a are changed by the user.
In this field, two choices are available:
e The automatic mode (Auto): The fitting process is entirely automatic for defining the input parameters for the B(H)
4 curve.
e The setting of the relative permeability: In that case pr is imposed by the user. HENCE, the optimization process is
run by considering only two variables Js and a.
The user can adjust one or all the three main characteristics of the B(H) curve: Js, pr and a. To do so user tab must be
5 selected by clicking on its icon.
The resulting modification is directly displayed on the graph below.
6 Adjust the three variables to get a hew user curve.
7 Accept the user values modification by clicking this button.
The last values of JS, pr and a, written in the “user” input fields are validated when the user clicks on this button.
8 It is possible to cancel the creation of the B(H) curve model.
In this case, the previous values defined before opening this dialog box are reset.

Example of an Excel file to define the B-H curves parameters.
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0~ O LA WN =

B C D
BH curve

Label Magnetic field Magnetic flux density / Vecior

Units Alm T

Values 0,00E+00 0,00E+00
3,03E+01 2,88E-01
4,22E+01 5.,06E-01
5,25E+01 7,19E-01
6,52E+01 8,86E-01
7,65E+01 1,01E+00
8,79E+01 1,09E+00
9,97E+01 1,16E+00
1,13E+02 1,22E+00
1,25E+02 1,26E+00
1,36E+02 1,30E+00
1,45E+02 1,33E+00
1,56E+02 1,37E+00
1,69E+02 1,39E+00
1,82E+02 1,42E+00
1,93E+02 1,45E+00
2,03E+02 1,47E+00
2,15E+02 1,49E+00
2,27TE+02 1,51E+00
2,42E+02 1,53E+00
2,54E+02 1,55E+00
2,65E+02 1,57E+00
2,75E+02 1,58E+00
2,88E+02 1,58E+00
3,00E+02 1,61E+00

Example of an Excel file to define the B(H) curve parameters
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4.2  Define iron loss parameters

4.2.1 Iron losses model - Main principles

The mathematical formula used in FluxMotor® to compute the iron losses is:
o o
P =kp X Bop X P + ke X (Bp X ) + ke X (B X )

Note: Iron loss model is only used for lamination.

Label Definition
Kn Hysteresis loss coefficient.
oh Exponent of B for the hysteresis losses.
Bn Exponent of f for the hysteresis losses.
Ke X Kac Classical loss coefficient — Sine wave.
ke Classical loss coefficient — Any wave.
Automatically computed from the sine wave value — The field is an output.
Oc Exponent of B and f for the classical losses.
Ke X Kae Excess loss coefficient — Sine wave.
Ke Excess I_oss coefficient — Any wave S
Automatically computed from the sine wave value — This field is an output.
Ole Exponent of B and f for the excess losses.

Note: The formula above is not homogeneous with the considered units.

Indeed, it represents a correspondence between the flux density associated with the frequency and the resulting iron loss amount.

The coefficients listed above are completely independent of units.

In FluxMotor®, P represents the amount of iron losses per cubic meter. This quantity is computed by considering B in Tesla and f in Hertz.
The coefficients are always defined by considering these reference units.

The user can use other units for defining the iron losses or flux density. For example, in FluxMotor® the corresponding quantities are
transformed to come back to original units (Tesla, Hz and W/m3).

When editing the properties of a material, a category is dedicated to the iron losses, as can be seen below.

P, O} F

Descr. Mechanic  Magnetic H[{JHEAH

@——0 BERTOTTI MODEL
Hysteresis coef. 115.0
Hysteresis exp. of flux density 20
Hysteresis exp. of frequency 1.0
Classical coef. (sine wave) 0.59
Classical exp. of flux density 2.0
Excess coef. (sine wave) 1.0E-8
Excess exp. of flux density 15

(® ™

Definition of iron loss coefficients

Category dedicated to iron losses.

Parameters defining the iron losses according to the model described above (Bertotti model).
Click “ok” button to validate the inputs

Click in the fitting icon in order to get an iron losses model from measured data.

AlwN|e
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4.2.2 How to define iron loss parameters?
4221 Overview

Three main methods are provided to help the users in finding the relevant values for consideration of the iron loss parameters. The choice
of the method depends on the data that the user has for the lamination to consider.

Three cases are considered:

One measurement point is characterized: Amount of iron losses corresponding to the values (frequency, flux density)
e Two measurement points are characterized: Amount of iron losses corresponding to the values (frequency, flux density)
[ ]

Several curves of iron losses in function of flux density for different values of frequency which corresponds to a map of Iron losses
in f - B plane (where f= frequency and B=flux density)

4.2,2.2 Case 1: From one measurement point

Fit iron losses properties

FIT IRON LOSSES

FIT IRON LOSSES f B2 @
Iron losses @ o— | User Operating
Filling [ er  Operating
Hysteresis coef. 812 Hysteresis bxp. of flux density 20 Hysteresis exp_ of frequency 10 . USER
Classical coef, (sine wave) 1628 Classical fip. of A density 20 Excess coef. (sine wave) 0o Mode
Excess exp. of flux density 10 | | Hysteresis coef. 81.2
. Hysleresis exp. of flux dens 20
812 Hystefosis exp. of Aux density 20 Hysteresis exp. of frequency 0 -_; N P. = iy
1624 Clasfical exp. of s density 20 Excess coef, (sine wave) 0.0 Hysteresis exp. of frequency 1.0
10 Classical coef. (sine wave) 1624
FIRST POINT Classical exp. of flux density 20
Frequency (Hz) 500
Iron losses - Iron losses versus flux density P donsty (1) 10 [Excess coef. (sine wave) 0.0
-
ron losses (Wikgy ) xcess exp. of flux dens 1.0
R Hysteresis loss ratio 05
- Y @
2
B
8.
El
5 FIT|RON LOSSES ?
2>
s =2 R
- Fittin User Operating
DK % o 5 T8 "R T T
Fiux density (T) | & OPERATING CONDITIONS |
Fited frequency (Hz &/50.0
Fitted at 500 {Hz) Userst 50004 * Data

@ [a]

Definition of iron loss coefficients — from one measurement point

1 Dialog box dedicated to fit the iron loss parameters. Located in the “iron losses” category when visualizing or editing the
material properties.

2 Choice of the method to find iron loss parameters (1 point in this example).

Measurement characteristics:

. Frequency,

3 . Magnetic flux density

) Iron losses (amount of iron losses)

. Hysteresis loss ratio.

Note: Hysteresis loss ratio is the ratio between the hysteresis losses and the total amount of iron losses.

4 When input parameters characterizing the measurement point are defined, click the button Fit to run the optimization
process. This process computes the set of iron loss parameters that allow targeting the considered measurement point.
5 The iron loss input parameters are deduced and displayed in the result table and the corresponding curve, Losses
versus B (magnetic flux density) are displayed.

The user can adjust one or all the parameters of the iron losses model. To do so user tab must be selected by clicking
6 on its icon.

The resulting modification is directly displayed in the output area.

It is possible to select a frequency to visualize the behavior of the resulting iron loss curve. To do so, use the
“Operating” tab.

Note: If the chosen frequency is not one of those used for the fitting (from the user inputs), the measurement points (in
red) will not be displayed.

8 Validation of iron loss parameters is achieved by clicking on this button.

Moreover, it is also possible to cancel the computation of iron loss parameters.
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4223 Case 2: From two measurement points

=N ©

(T8 Operating

Iron losses

Fiting

Mysteresis coet. 89.257 Hysterest . USER

Classical cosf. (sine wave) 19343 Classicalbop. of fux densty 20 Excess coel. (sine wave) (1] i

Excess exp. of e demsty o Hysteresis coef. 81.2
user

Hysteresis exp. of flux density 20
Hysteresis exp. of frequency 1.0
Classical coef. (sine wave) 1624
Classical exp. of flux density 2.0
Excess coef. (sine wave) 0.0
xcess exp. of flux densi

Mysterests coef. 89257 Hystefests exp. of fux densty 20
(Ciassical cosf, (sine wave) 1943 Claghical exp. of fux densty 20
Excess exp. of fu densty 10

Hysteresis exp. of requency 10
Excess coet. (sine wave) o0

Iron losses - Iron losses versus flue density /

/

g " ron losses (Wkg) 30
g, %
g : — FITYRON LOSSES ?
.
] (VIS Operating
F T T SR VR S VR R R E T | @ OPERATING CONDITIONS |
Fhox density (T) 5
Fitted frequency (Hz « 500
opn User 2t 500, 0
xvz BEvA @ [a]
- o 7N

Definition of iron loss coefficients — from two measurement points

1 Dialog box dedicated to fit the iron loss parameters. Located in the “iron losses” category when visualizing or editing the
material properties.

2 Choice of the method to find iron loss parameters (2 points in this example).
Measurement characteristics to give for each measurement point:

3 e Frequency (It is highly recommended to take 2 different frequencies as boundaries of the working area)
¢ Induction (magnetic flux density B)

e lron losses (amount of iron losses)

When input parameters characterizing the two measurement points are defined, click on the Fit button to run the
4 optimization process.

This process computes the set of iron loss parameters that allow targeting the considered measurement points.
5 The resulting iron loss input parameters are deduced and displayed in the result table and the corresponding curve;
Losses versus B (magnetic flux density) is displayed.

The user can adjust one or all the parameters of the iron losses model. To do so user tab must be selected by clicking
6 on its icon.

The resulting modification is directly in the outputs area.

It is possible to select a frequency to visualize the behavior of the resulting iron loss curve. To do so, use the
7 “Operating” tab.

Note: If the chosen frequency is not one of those used for the fitting (from the user inputs), the measurement points (in
red) will not be displayed.

8 Validation of iron loss parameters is achieved by clicking on this button.
Moreover, it is also possible to cancel the computation of iron loss parameters.

Warning: When characterizing the iron loss parameters by using the method with two measurement points there are two things to be
known:

1) Firstly, the internal process uses a genetic algorithm to compute the iron loss parameters.

When the same frequency is considered for the two targeted points, this can lead to a disparity on the resulting iron loss

parameters. It means that, the same set of inputs provide sets of iron loss parameters, which can be different. However, the
resulting iron loss model gives the same total amount of iron losses.

Note: The best way to use the method with two measurement points, is to consider two different frequencies. Thus, there is only
one resulting set of iron loss parameters.

It is highly recommended to take 2 different frequencies as boundaries of the working area.

Moreover, check that the classical losses coefficient is positive before using the resulting iron loss model. If this coefficient is
negative, please check the relevance of the original data.
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2) Secondly, defining the iron loss parameters, with frequency different from the one which is considered for the computation of a
working point in Motor Factory, can lead to wrong results.

The most accurate way to compute iron loss parameters is to use a map of iron losses in f - B plane (f= frequency and B=flux
density) where iron losses are defined in function of flux density for different values of frequency.

Note, that to be accurate the frequency and the flux density of the working point to be computed must be respectively in the
range of frequencies and flux densities used to identify the iron loss parameters.

4.2.2.4 Case 3: From a map (file input)

=N @

Iron losses User Operating

Fating
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Classical casf. (sine wave) €339 Classicaloxp. of fux density 20 ess coel. (sine wave) 917261 "
A " Hysteresis cosr. 812
Hysteresis exp. of flux density 20
Hysteresis coe. 188,584 Hystefesis exp. of fux densty 1703 Hystaresis #1p. of requency 10 Hysteresis exp. of frequency 1.0
(Classical coef. (sine wave) 63391 Giasfieal exp. of fux density 20 Excess eoef. (sine wave) la7261 : :
Excess exp. of fux densty 15 Classical coef. (sine wave) 1.624
Classical exp. of flux density 20
Data fie. e
Iron losses - Iron losses versus flux density [Excess coef. (sine weve) 0.0
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| & OPERATING CONDITIONS |
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Es O, 2

Definition of iron loss coefficients — from a map

1 Dialog box dedicated to fit the iron loss parameters. Located in the “iron losses” category when visualizing or editing the
material properties.

2 Choice of the method to find iron loss parameters (form input file in this example).

3 Select the Excel file inside of which several curves of iron losses with flux density functions are available for different
values of frequency are defined. An example of file is shown below.

4 When the Excel file is selected, click on the Fit button to run the optimization process.
This process computes the set of iron loss parameters targeting the considered measurement points.

5 The resulting iron loss input parameters are deduced and displayed in the result table and the corresponding curve;
Losses versus B (magnetic flux density) is displayed.

The user can adjust one or all the parameters of the iron losses model. To do so user tab must be selected by clicking
6 on its icon.

The resulting modification is directly in the outputs area.

It is possible to select a frequency to visualize the behavior of the resulting iron loss curve. To do so, use the
7 “Operating” tab.

Note: If the chosen frequency is not one of those used for the fitting (from the user inputs), the measurement points (in
red) will not be displayed.

8 Validation of iron loss parameters is achieved by clicking on this button.
Moreover, it is also possible to cancel the computation of iron loss parameters.
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Example of an Excel file to define the curves of iron losses as a function of flux density for different values of frequency.
This corresponds to a map of Iron losses in f - B plane (where f= frequency and B=flux density).

A B C _ D E F _ G _ H I
1
2 Iron losses
3 Label Units Values
4 Frequency Hz 50 100 200 400 700
5 Magnetic induction B T 0,10 0,022 0,049 0,115 0,304 0,699
6 Core loss Wikg 0,15 0,049 0,110 0,260 0,673 1,530
7 0,20 0,084 0,188 0,447 1,157 2,624
8 0,25 0,125 0,282 0,671 1,739 3,947
9 0,30 0,171 0,387 0,926 2,388 5,435
10 0,35 0,221 0,503 1,212 3,140 7,165
11 0,40 0,276 0,631 1,527 3,977 9,091
12 0,50 0,397 0,915 2,235 5,895 13,427
13 | 0,60 0,532 1,237 3,057 8,086 18,697
14 0,70 0.683 1,597 3,991 10,683 24,949
15 | 0,80 0,849 2,000 5,017 13,651 32,204
16 | 0,90 1,031 2,442 6,184 17,030 40,521
17 | 1,00 1,234 2,932 7,481 20,810 50,067
18 | 1,10 1,458 3,470 8,894 25,016 60,873
19 | 1,20 1,713 4,086 10,478 29,673 73,213
20 1,30 2,014 4,806 12,299 34,904 91,388
21 1,40 2,397 5,697 14,557 41,142 118,032
22 1,50 2,867 6,852 17,551 49,656 128,825
23 1,60 3,368 7,993 20,889 59,960
24 1,70 3,746 8,932 24,808 73,161
25

Example of an Excel file to define iron loss parameters from a map

Notes:

e  The columns with the larger number of rows must be written first. At least three columns with the same number of rows must be
written. In the example above, there are five columns with twenty rows.

o The exponent of B for the excess losses is set to 1.5 in the optimization process.
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4.3  Manage magnet parameters

Here is the list of user parameters related to the magnetic behavior of magnets:

Label Definition
Trer Reference temperature.
Br at Trer Remanent flux density at Trer.
o Reverse temperature coefficient for Br.
Lr Relative permeability.
HcJ Intrinsic coercivity at Trer.
B Reverse temperature coefficient for HcJ.
(B.H) Energy product.
T max Disabled input field, value deduced from other inputs.
Heb Normal coercivity at Trer.
Disabled input field, value deduced from other inputs.
. Maximum operating temperature.
Just for information, not used in computations.
. Curie temperature.
Just for information, not used in computations.
N4OH *
MATERIAL - MAGNET N4OH 2
|Reference temperature (°C) |200 |Isotropic resistivity (C2.m) 16E-6 | Temperature coef. (K-1) o0 -
VA )
Electric Magnetic Thermic Opemlm.gi 1 O
Madnetic MAGNETIC
::::::Ze temperature (°C) 200 Maximum operating temperature (*C) 150.0 Curie temperature (*C) 350.0 Reference temperature (°C) 200
IRemanent induction Br (T) 1.0 Intrinsic coercivity HeJ (Afm) 2.5 E6 Relative permeability ur 1.04 Emi:‘:g::;mm:j’g: l 2 .
Rev. temperature coef. far Br (K-1) -0.001 Rev. temperature coef. for HeJ (K-1) -0.005 ol perm:;my "(r ) e = 2
Energy product (B.Hjmax (I/m3) 1.913 €5 Coercivity HeB (A/m) 7652 E5 Rev. temperature coef.for Br (K1) |-0.001 e
(Dperaiing concftions . Rev. temperature coef. for Hed (k1) |-0.005
ITemperature (°C) 200 Load line permeance coef. 10 MaXmu operatng temperature (°C) |150.0
IMagnetic field at operating point (A/m) 3.901 ES. Flux density at operating point (T) 4902 E-1 T c) o
Magnetic - Flux density versus magnetic field S E /@
' @ 8 ||
! : Tiial J(H) @
M (8 Hymax
09 /__/”
- 08 |-

. FF | R
Electric Magnetic | Thermic WNelEEilh]

i OPERATING CONDITIONS
- —— ) Temperature (°C) 200
Load line permeance coef 1.0

Py
-26E6 -24E6 2266 266 -1.866 -16€6 1486 -1.266 -1E6 -8E5| 6ES £S5 265
Defmagnetizing field (A/m)

Presentation of the magnet family properties in “Materials”
Category dedicated to magnetic properties.
Note: Magnetic properties are linked to the data set in the “Operating Conditions” (See item 10 for “Operating”)
Input parameters are written in the input area.
Remanent flux density (By).
Normal coercivity (Hch).
B(H) curve for the magnet (in blue).
Intrinsic coercivity (HcJ).
Isoline (B.H) max. (in red).
Load line for the defined permeance coefficient (in green)
Operating point for the given permeance coefficient and temperature.
Temperature and permeance coefficient of the magnetic circuit are defined as “operating conditions” of the magnets.
These can be edited in the dedicated tab “Operating”. Any changes will automatically update the outputs.
Note: These features have no influence in the magnet physical properties, but these are useful to display its behavior
when working at this operating point.

OO (N |WIN| -

[EY
o
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4.4  Thermal impact on quantities computations
4.41 Electrical resistivity

Note 1: Only isotropic materials are considered.
Note 2: Resistivity p (rho) is a linear function of temperature.

The corresponding mathematical formula for electrical resistivity is:

pr = prer X (1 +a x (T — Trgr))

Resistivity to be defined at a temperature T.
Linear function of the temperature for an isotropic or anisotropic material.

Trer | Reference temperature.
T | Tis the temperature for which the resistivity must be computed.

PT

prer | Resistivity of the material at Trer.

a | Temperature coefficient at Trer.

4.4.2 Thermal conductivity for all materials except gas and liquid

The thermal conductivity is defined at a reference temperature and is considered as constant for all thermal computations.
The reference temperature is then only a memo, to keep in mind the temperature corresponding to the indicated thermal conductivity.

Symbol | Definition Unit
Tret Reference temperature (Tref) °C
Kref Isotropic thermal conductivity at Tref W/K/m) W/K/m

443 Specific heat variation versus temperature — For all materials except gas and liquid

The specific heat is defined at a reference temperature and is considered as constant for all thermal computations.
The reference temperature is then only a memo, to keep in mind the temperature corresponding to the indicated specific heat.

Symbol | Definition Unit
Tref Reference temperature (Tref) °C
Cref Specific heat at Tref (J/K/Kg) J/IK/Kg
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4.4.4
4.4.41

Gas properties

Introduction

Here is the process to define and fit the gas thermal characteristics from the importation of series of points representing the considered
quantity curve listed in an Excel file. In the following example air mass density is considered, however, the same principle is applied for

all other gas properties depending on temperature which are defined below.

e
.
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a
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Identification of the air mass density curve characteristics (for instance)

1 Dialog box allowing the characterization of the density curve imported from an Excel file
2 Select the reference conditions (temperature and pressure) associated with the measures contained in the Excel file.
3 Path where Excel file containing the measures is stored. See an example of Excel file below.
4 Click on this button to import the Excel data.
When importing an Excel file, points representing the density curve are listed, an optimization process automatically
computes and displays the corresponding characteristics.
Three curves are displayed:
5 ¢ Red points are the imported points (listed in the Excel file)
e Blue curve is the resulting curve computed by the optimization process. This corresponds to the computed
characteristics and it is displayed just after the computation.
e The black curve shows a new curve generated when the parameters are changed by the user (see point 6)
Indeed, going to the tab “User” the user can adjust one or all the main parameters of the density curve.
e The density at reference temperature
6 e The density first order temperature coefficient
e The density second order temperature coefficient
Reference temperature and pressure can also be adjusted in this tab.
It is possible to select an operating pressure to visualize the behavior of the resulting mass density curve. Operating
7 pressure should be chosen in “Operating” tab.
Note: If the chosen pressure is not the same than the ones used for the fitting process, the measurement points (in
red) will not be displayed.
Lastly the parameters, written in the input fields are validated when the user clicks on this button.
8 It is possible to cancel the creation of the density curve model. In this case, the previous values defined before opening

this dialog box are reset.
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Example of an Excel file to define the mass density curve parameters.

Mass density curve
Label Temperature Mass density
Units K kg/m3
Values 273,15 1,2759
293,15 1,2
313,15 1,13
333,15 1,06
353,15 1
373,15 0,95
473,15 0,75
773,15 0,46
1273,15 0,28
Example of an Excel file to define the air mass density curve parameters
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4.4.4.2 Mass density

PT = Pref X (1 +aX (T - TrefD) +b % (T - TrefD)z)

Symbol | Definition Unit
Pret | Reference pressure Pa
Treio | Mass density reference temperature Tre °C
pref | Mass density at Tretp and Pret kg/m3

a Mass density first order temperature coefficient at Trerp and Pres K-1
b Mass density second order temperature coefficient at Trero and Pret K-2

Note 1: The reference pressure mentioned in the previous table is the one considered for defining the gas specific heat.
Note 2: For a given temperature, the gas density (kg/m?) changes with the pressure following the perfect gas law.

The mass density p computed at a pressure P is computed as below:

P

=—X
Pp Pref pPTef

4.4.4.3 Dynamic viscosity

HUT = Href X (1+ax(T- Trer) +b x (T - Treﬂ/)z)

Symbol | Definition Unit
Tretv | Dynamic viscosity reference temperature °C
uref | Dynamic viscosity at Trefv kg/m/s
a Dynamic viscosity first order temperature coefficient at Trefv K-1
b Dynamic viscosity second order temperature coefficient at Trerv K-2

Note: The model does not consider any variation of the gas dynamic viscosity with the gas pressure.

4.4.4.4 Thermal conductivity

KT = Kref X (1 +aX (T - TrefC) + b X (T - TrefC)z)

Symbol | Definition Unit
Treic | Thermal conductivity reference temperature °C
Kret | Thermal conductivity at Treic W/K/m

a Thermal conductivity first order temperature coefficient at Treic K-1
b Thermal conductivity second order temperature coefficient at Treic K-2

Note: The model does not consider any variation of the gas thermal conductivity in function with the gas pressure.

.\ ALTAIR

Proprietary Information of Altair Engineering



Altair® FluxMotor® 2022.2

p. 44

4445 Specific heat

CT = Cref X (1 +aX (T - TrefS) + b X (T - TrefS)z)

Symbol | Definition Unit
Trets | Specific heat reference temperature °C
Cret | Specific heat at Trets and Prer J/K/Kg

a Specific heat first order temperature coefficient at Trets and Pret (K-1) K-1
b Specific heat second order temperature coefficient at Trers and Pret (K-2) K-2

Note 1: All the parameters defined in the previous table are defined for the reference pressure Pret mentioned in the gas mass density

section.

Note 2: For a given temperature, the gas specific heat (J/K/kg) changes with the pressure following the perfect gas law.

The specific heat C computed at a pressure P is computed as below:

C P C
=—X
F Pref Pref
Symbol | Definition Unit
Pret | Reference pressure Pa
Ce Specific heat at the pressure P J/K/IKg
Crret | Specific heat at the pressure Pret J/K/IKg

4446 Thermal expansion

The gas property changes with the temperature according to the perfect gas law and is automatically applied in internal processes with
the following formula:

8 1
T
Symbol | Definition Unit
Trefe | Temperature at which the thermal expansion must be considered K
Br Thermal expansion coefficient at the temperature T K-1
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445 Liquid properties
4.4.51 Introduction

Here is the process to define the liquid thermal characteristics from the importation of series of points representing the considered quantity
curve listed in an Excel file. In the following example water mass density is considered, however, the same principle is applied for all other
liquid thermal quantity which are defined below.
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Identification of the water mass density curve characteristics (for instance)
1 Dialog box allowing the characterization of the density curve imported from an Excel file
2 Select the reference temperature associated with the measures contained in the Excel file.
3 Path where Excel file containing the measures is stored. See an example of Excel file below.
4 Click on this button to import the Excel data.

When importing an Excel file, points representing the density curve are listed, an optimization process automatically

computes and displays the corresponding characteristics.

Three curves are displayed:

5 ¢ Red points are the imported points (listed in the Excel file)

e Blue curve is the resulting curve computed by the optimization process. This corresponds to the computed
characteristics and it is displayed just after the computation.

e The black curve shows a new curve generated when the parameters are changed by the user (see point 6)

Indeed, going to the tab “User” the user can adjust one or all the main parameters of the density curve.

e The density at reference temperature

6 e The density first order temperature coefficient

¢ The density second order temperature coefficient

Reference temperature can also be adjusted in this tab.

Lastly parameter values, written in the input fields are validated when the user clicks on this button.

7 It is possible to cancel the creation of the density curve model. In this case, the previous values defined before opening

this dialog box are reset.

Example of an Excel file to define the water mass density curve parameters.
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Mass density curve

Label Temperature Mass density

Units K ka/m3

Values 273,15 9999
283,15 9996
293,15 998,2
303,15 9956
313,15 992,3
323,15 988
333,15 983,2
343,15 9777
353,15 971,8
363,15 965,3
373,15 958,3

Example of an Excel file to define the water mass density curve parameters

4452 Mass density

PT = Pref X (1 +aX (T - Treﬂ)) +b X (T - TrefD)Z)

Symbol | Definition Unit
T | Mass density reference temperature Trem °C
pT Mass density at Tre kg/m3
Mass density first order temperature coefficient at Trem K-1
b Mass density second order temperature coefficient at Trefp K-2

Note 1: Liquids are considered as incompressible in FluxMotor®. Their properties are constant versus the pressure.

4.4.5.3 Dynamic viscosity

HUT = Href X (1 +aX (T - Trer) + b X (T - Trer)z)

Symbol | Definition Unit
Tretv | Dynamic viscosity reference temperature °C
uref | Dynamic viscosity at Trefv kg/m/s
a Dynamic viscosity first order temperature coefficient at Trefv K-1
b Dynamic viscosity second order temperature coefficient at Trerv K-2

4.45.4 Thermal conductivity

KT = Kref X (1 +aX (T - TrefC) + b X (T - TrefC)z)

Symbol | Definition Unit
Treic | Thermal conductivity reference temperature °C
Kret | Thermal conductivity at Treic WI/K/m
a Thermal conductivity first order temperature coefficient at Treic K-1
b Thermal conductivity second order temperature coefficient at Trerc K-2

Note 1: Liquids are considered as incompressible in FluxMotor®. Their properties are constant versus the pressure.
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4455 Specific heat

CT = Cref X (1 +aX (T - TrefS) + b X (T - TrefS)z)

Symbol | Definition Unit
Trets | Specific heat reference temperature - Trers (°C) °C
Cret | Specific heat at Trets J/IK/IKg

a Specific heat first order temperature coefficient at Trets K-1
b Specific heat second order temperature coefficient at Trefs K-2
Note 1: Liquids are considered as incompressible in FluxMotor®. Their properties are constant versus the pressure.
4456 Thermal expansion
— 2
BT —BrefX(l-l-aX (T_TrefE)‘l'b>< (T_TrefE) )

Symbol | Definition Unit
Trefe | Thermal expansion reference temperature °C
Bref | Thermal expansion coefficient at Trefe K-1

a Thermal expansion first order temperature coefficient at Trere K-1
b Thermal expansion second order temperature coefficient at Trere K-2
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446 Magnet properties
446.1 Remanent flux density of magnets

Note 1: Only isotropic magnet is considered.
Note 2: Remanent flux density (Br) is a linear function of the temperature.

The corresponding mathematical formula is:

Bry = Bryer X (1 +a X (T — Tper))

Remanent flux density to be defined at a temperature T.
Linear function of the temperature for an isotropic or anisotropic material.
Tref Reference temperature.

T T is the temperature for which the remanent flux density must be computed.

Brr

Bret | Remanent flux density of the magnet at Trer.

a Reverse temperature coefficient for Br at Trer.

4.4.6.2 Intrinsic coercivity

Note 1: Only isotropic magnet is considered.
Note 2: Intrinsic Coercivity (HcJ) is a linear function of the temperature.

The corresponding mathematical formula is:

HeJr = HeJpep X (14 a X (T — Trep))

Intrinsic Coercivity to be defined at a temperature T.
Linear function of the temperature for an isotropic or anisotropic material.
Trer | Reference temperature.

T | Tis the magnet temperature for which the Intrinsic Coercivity must be computed.

HcJr

HcJret | Intrinsic Coercivity of the magnet at Trer.

a Reverse temperature coefficient for HcJ at Trer.
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