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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
under a reference material database.
The users can create their own materials. It will be stored under USER material database.

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.

n - ™
Motor Catalog Altair FluxMotor
E Part Library New motor
®—¢ (W] Materials
\\\\\\H‘;;’a
Script Factory 3 ‘ 2
V Units //”‘.um\\‘s
Preferences SM_PM_IR_3Ph SM_PM_OR_3Ph IM_SQ_IR_3Ph IM_SQ_OR_3Ph

am Resource

@ Help

SM_RSM_IR_3Ph

Recent motors
t]‘«. Open Altair Flux™ $4804P NewMotor1 M2_48S4P40B Prius2010_1
| §
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 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.

In this way, 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 for building a motor to have a general overview
of performance of motor by using the different 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.

@Mﬁ\::\ T
= ~
, AN
Ve T
b oy

- _=
MATERIAL SELECTOR

FAMILIES

=R NE]

REFERENCE DESCRIPTION

#-E. conductor

€ Insulater
sl
- Mquid

USER]

Wiquid

Lam

E. conductgs =
E. insyiflo
a3’

1

Zones of “Materials” application

Access to the system function:
e Assignment of default materials
Zone 1 e  Export materials
e Import materials
See more details on these functions below.
Presentation of the seven material families available in “Materials” application.
Zone 2 . . g . - )
Selecting an icon will display the materials belonging to the selected family.
Reference material database. In each material family there are some materials which are proposed by
zone 3 FluxMotor® to cover the basic needs.
Zone 4 _User material database. One user material database is available. All the materials created by the user are stored
in the user database.
Zone 5 Area in which the physical properties of the selected material are displayed.
Zone 6 Shortcuts for displaying the corresponding section of the material properties.
Functions to manage the materials in the selected family:
. New
Zone 7 . Edit
. Delete
. Duplicate

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

Magnetic circuit

REF.SmCo_1040_1800
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
CF.ATT

©c

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.).

Note 2: In Materials application, the icons on the top part of the screen allow to filter the visualization of the available materials in the two
databases: reference material database and user material database.

REFE /
‘iLE. conductor
#-E. Insulator
i
& Liquid

E. conductor

E. insulator

Gas

Liquid
#-Lamination
#-Magnet
Lsorig

% i % M

?

D DY /

LAMINATION

FAMILIES

SOLID  MAGNET  E. CONDUY

FAMILIES

/
ustr/

= Lamination

M235_354.1

YYYY

A0 DU £

AL N SOLD  MAGNET E.CONDUCTOR  EINSULATOR  GAS  LiguD

F O o

Selection of a material from the Motor Factory

[y

All types of materials are displayed.

2 Only lamination materials are displayed in reference material database as well as in user material database.
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2.2 Create a new material
2.2.1 Overview

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

USER

—E. conductor
—E. insulator
—Gas
—Liquid
Lamination

Hide family

New

R.

Display family

USER

— E. conductor
—E. insulator
—Gas

— Liquid

—Magnet
—Solid

80

Lamination

Ny N A Ay

@ b Mo iy 7

How to create a new material?

[EnY

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

2 By clicking on the icon “New”.

Proprietary Information of Altair Engineering
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------
MAGNETIC DATA : NON LINEAR
New material: Mechanic
MECHANICAL DATA
New material: Overview 3]
New material: Description
pre— DESCRIPTION PICKER
Name * [evaterial Name [NewMaterial | N
1y
Family [Sonia Family [ -]
Version 202000 .
ersion 2020.0.0 |
Author [fmarion_
Vanutocwer [ Reference tamperaturs - Trefrc| AUENOT [imarion ]
price st * 00| 1sotropic thermal conductivity 3t | Manufacturer [ ] @
—_— Magnetic polarization at ssturstion - b
Reminder Specific heat at Tref (VK/kg) Price (USD/kg) [0.0 | Mechanic
Relative permeability - pr *
Reference temperature - Tre
- Knie casficient * Reminder
Isotropic resistity at Tref c} /
Mass = B | remp atT|
Young modulus (Pay*  [Z1 11 Electric
Poisson ratio* oz
Shear mocuius a1 &
Magnetic
Thermic
< Bock | mex
i ]

CI:I (8)

Steps to create a new material
Dedicated dialog boxes allow defining all the physical properties of considered material.
The first dialog box allows to give a general description of the new material:
e Name
Family (expanding menu must be used to choose the family)
Version (imposed by the model version of the material database)
Author, manufacturer (not mandatory)
Price of the material (US dollar per kg).
Not mandatory, but if this information is used, then it will be used in Motor Factory to compute the cost of
materials needed to build the machine
e Memo: to write a reminder if needed
The second dialog box allows defining the Mechanical data of the considered new material.
The third dialog box allows defining the Electric data of the considered new material
The fourth dialog box allows defining the Magnetic data of the considered new material
(B(H) curve and iron losses if needed - function of the considered new material).
The fifth dialog box allows defining the Thermal data of the considered new material
The last dialog box presents a synthesis of all the physical properties described in the previous steps.
The validation of these data (Button Validate) allows creating the new material.
Use the icons “Next” and “Back” to move forward or backward in the series of dialog boxes.
Button to validate the physical properties and creating of the new material.

Nl o (0o M [WN
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2.2.2 Lamination data

Here are the properties needed to define a new lamination:

Category

Label

Unit

Description

Name

Family

Author

Manufacturer

Memo

Economic

Price

Mechanical data

Sheet thickness

Stacking factor

Mass density

Young modulus

Poisson ratio

Magnetic data

Relative permeability

Magnetic polarization at saturation Js

Relative permeability

Knee coefficient

Iron Loss

Hysteresis loss coefficient (kh)

Exponent of B for the hysteresis losses (ah)

Exponent of f for the hysteresis losses (Bh)

Classical loss coefficient - Sine wave (kc x kac)

Classical loss coefficient - Any wave (kc)

Exponent for the classical losses (ac)

Excess loss coefficient - Sine wave (ke x kae)

Excess loss coefficient - Any wave (ke)

Exponent of B for the excess losses (ae)

NG R RIS

Thermal data

Reference temperature - Tref

°C

Thermal conductivity in the lamination direction at Tref

W/K/m

Thermal conductivity in the lamination insulation at Tref

W/K/m

Equivalent thermal conductivity in the lamination depth at Tref

W/K/m

Specific heat at Tref

JIK/kg

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

Kins X Klam

Kd:

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

Proprietary Information of Altair Engineering
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223 Solid data

Here are the properties needed to define a new solid:

Category Label Unit
Name *
Family *
Author *
Semeraten Manufacturer *
Memo *
Economic Price USD/kg
Mass density kg/m3
Mechanical data Yo.ung’s mod'ulus (E) N/m2
Poisson’s ratio (v) 1
Shear modulus (G) N/m2
Reference temperature (Tref) °C
Electrical data Isotropic resistivity at Tref. Ohm*m
Temperature coefficient at Tref. 1/K
Magnetic polarization at saturation Js
Magnetic data Relative permeability 1
Knee coefficient 1
Reference Temperature Tref °C
Thermal data Isotropic thermal conductivity at Tref WI/K/m
Specific heat at Tref J/KIKg

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 constant whatever is the temperature of the region.

Proprietary Information of Altair Engineering
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2.24 Magnet data

Here are the properties needed to define a new magnet:

Category Label Unit
Name *
Family *
Description | Author *
Manufacturer *
Memo *
Economic | Price USD/kg
g/l:t;hanlcal Mass density kg/m3
Reference temperature (Tref) °C
Electrical - .
data Isotropic resistivity at Tref. Ohm*m
Temperature coefficient at Tref. 1/K
Reference temperature (Tref) °C
Remanent induction Br at Tref T
Reverse temperature coefficient o for Br 1/K
Relative permeability pr 1
Magnetic Intrinsic Coercivity HcJ at Tref A/m
data Reverse temperature coefficient  for HcJ 1/K
Energy product (B.H) max J/m3
Normal coercivity field Hcb at Tref A/m
Maximum operating temperature °C
Curie temperature °C
Reference temperature (Tref) °C
Thermal . —
data Isotropic thermal conductivity at Tref W/K/m
Specific heat at Tref J/KIKg

Note 1: The relations between the remanent induction, 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 constant whatever is the temperature of the region.

.\ ALTAIR
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2.2.5 Electric conductor data

Here are the properties needed to define a new electrical conductor:

Category Label Unit
Name *
Family *
Description | Author &
Manufacturer *
Memo *
Economic | Price USD/kg
g/laet;hanlcal Mass density kg/m3
] Reference temperature Tref °C
Efligtrlcal Isotropic resistivity at Tref. Ohm*m
Temperature coefficient at Tref. 1/K
Reference temperature (Tref) °C
Thermal . —
data Isotropic thermal conductivity at Tref W/K/m
Specific heat at Tref J/IK/Kg

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”.

2.2.6 Electric insulator data

Here are the properties needed to define a new electrical conductor:

Category Label Unit
Name *
Family &
Author *

I Manufacturer &

Description
Memo *

Economic Price USD/kg

Mechanical .

data Mass density kg/m3
Reference temperature (Tref) °C

Thermal - -

i Isotropic thermal conductivity at Tref W/K/m
Specific heat at Tref JIK/IKg

Note: Non-electrical and non-magnetic behavior.

.\ ALTAIR
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227 Gasdata
Here are the properties needed to define a new gas:
Category Label Unit
Name *
Family *
Description | Author *
Manufacturer *
Memo *
Economic Price USD/kg
Reference pressure Pref Pa
Mass density reference temperature TrefD °C
Mass density at TrefD and Pref kg/m3
Mass density first order temperature coefficient at TrefD and Pref K-1
Mechanical | Mass density second order temperature coefficient at TrefD and Pref K-2
data
Dynamic viscosity reference temperature - TrefV °C
Dynamic viscosity at TrefV kg/m/s
Dynamic viscosity first order temperature coefficient at TrefV K-1
Dynamic viscosity second order temperature coefficient at TrefV K-2
Thermal conductivity reference temperature - TrefC °C
Thermal conductivity at TrefC W/K/m
Thermal conductivity first order temperature coefficient at TrefC and Pref K-1
Thermal Thermal conductivity second order temperature coefficient at TrefC and Pref K-2
data
Specific heat reference temperature - TrefS °C
Specific heat at TrefS and Pref J/K/kg
Specific heat first order temperature coefficient at TrefS and Pref K-1
Specific heat second order temperature coefficient at TrefS and Pref K-2

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

Proprietary Information of Altair Engineering

.\ ALTAIR



Altair® FluxMotor® 2022.1 p. 16
2.2.8 Liquid data
Here are the properties needed to define a new liquid:
Category Label Unit
Name *
Family *
Description | Author ’
Manufacturer *
Memo *
Economic Price USD/kg
Mass density reference temperature TrefD !
Mass density at TrefD and Pref kg/m3
Mass density first order temperature coefficient at TrefD and Pref K-1
Mass density second order temperature coefficient at TrefD and Pref K-2
Mechanical
data
Dynamic viscosity reference temperature - TrefV °C
Dynamic viscosity at TrefV kg/m/s
Dynamic viscosity first order temperature coefficient at TrefV K-1
Dynamic viscosity second order temperature coefficient at TrefV K-2
Thermal conductivity reference temperature - TrefC °C
Thermal conductivity at TrefC W/K/m
Thermal conductivity first order temperature coefficient at TrefC and Pref K-1
Thermal Thermal conductivity second order temperature coefficient at TrefC and Pref K-2
data
Specific heat reference temperature - TrefS °C
Specific heat at TrefS and Pref JIK/kg
Specific heat first order temperature coefficient at TrefS and Pref K-1
Specific heat second order temperature coefficient at TrefS and Pref K-2
Thermal expansion reference temperature - TrefE °C
Thermal expansion coefficient at TrefE K-1
Thermal expansion first order temperature coefficient at TrefE K-1
Thermal expansion second order temperature coefficient at TrefE K-2

Proprietary Information of Altair Engineering
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2.3 Edit a material

It is possible to edit a material from the user material database by updating its properties.
Editing a material consists of opening the same dialog boxes which were used for the creation, but the fields are already filled with

properties which can be modified.

Two ways are possible to edit a material. They are described below.

Edit material: USER.M250_50A
DESCRIPTION

USER

Name * |§EE-! 1
Family Lamination USER
Version [1.0.0
Author Fitvotor E. conductor E. conductor
Manufacturer [FluxMotor E. insulator E. insulator
Price (USD/kg) [0.0 Gas Gas
Memo Liquid Liquid
&-Lamination E-Lamination
M250_50A_1 .
Display
Magnet g
Edit
Delete
Help

EMagnet
Solid

How to edit a material to update properties?

1 Dedicated dialog box allows updating all the physical properties of the considered material.

2 In any case, one must select the name of the material properties which has to be modified.

3 The first way to edit a material consists of using the right mouse button to get the corresponding menu and clicking on
the function Edit.
The second way to edit a material consists of clicking on the Edit button in the area where several functions are

4 - :
located at the bottom part of the user material database to manage the materials.

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 materials 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 an original with another name. It is possible to modify (by editing it) the

corresponding properties to personalize it.

Here are the ways to duplicate a material:

MATERIAL SELECTOR
REFERENCE

B LgUIL

E-Lamination
|~FeCo50_50
—M1000_65A

- m235_354 A
|- m330_35A Hide -
L M350 50 Duplicate
Pwooes [ren |3
—MG00_50A
—M800_S0A
Lm940_50A

-Magnet

E-Solid

USER

—E. conductor

—E. insulator

—Gas

= Liquid

—Lamination
i-Magnet
—Saolid

M i Mo My -

MATERIAL SELECTOR

REFERENCE

(e LIguI
=-Lamination
FeCo50_50

USER

—E. conductor
{~E. insulator
—Gas
f~Liquid
{~Lamination
—Magnet
Solid

& M o&\‘% :

Duplicate material
DESCRIPTION

Name * Jivzso_son |

Farily [

Version 2020.0.0

Author [Fmotor

Manufacturer  [Fitiotor

Price (UsO/kg1 * [00

Reminder

=

How to duplicate a material?

1 In any case, one must select the name of the material to be duplicated.

2 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.

3 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.

writing a memo if needed.

4 A dedicated dialog box allows finalizing the creation of the new material from duplication by giving a new name and

The creation of the new material is achieved when clicking on the Duplicate button.
It is also possible to cancel the duplication.

Proprietary Information of Altair Engineering
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2.5 Display, Hide or Delete a material

2.51 Display material properties

Displaying the material properties allows editing a tab in which all the properties are displayed in several chapters:

Description for the general data (name, family, etc.)
Mechanical data
Electrical data
Magnetic data (B(H) curve)

Iron losses (If available for the considered material)

E Materials

MATERIAL SELECTOR

e
- Lamination
FeCo50_50
M1000_654
M235_354

M300_35A
M330_354
M350_50A
M400_65A
ME00_S0A
M800_50A
M340_50A

- Magnet

- Solid

REFERENCE

USER

E. conductor
E.insulator
Gas

Liguid
Lemination
Magnet
solid

Y

®

FAMILIES

ANB BUYU £ F DY

LAMINATION  SOLID  MAGNET  E CONDUCTOR  E.INSULATOR GAS LQuID

= N |

SOLID MATERIAL MAGNETIC PROPERTIES PICKER ?
Magnetic polarization at saturation - Js (T) [1.82 ]
Relative permeability - yr 10 000.0 ]
Knee coefficient [os ] escription
LAMINATION STACK MAGNETIC PROPERTIES
Magnetic polarization at saturation - Js(T) [1.725 ] @
Relative permeability - pr [5500.05 ] Mechanic
Knee coefficient 63 ]
r
e
F
Iron losses
- &

Thermic

Displaying of the material properties

The properties of the selected material must be displayed. See below how to display the tabs where all the properties
are recorded.

Tabs in which the physical properties of the considered material are presented.

All the tables can be displayed by clicking on the corresponding shortcut.

AIWIN| -

Shortcuts for displaying the corresponding section of the material properties.
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Here are the ways to display the properties of materials:
W] Materials B E
£y -
£
e N O D v Ff 5D @
- ALL IMINATION SOLUD MAGNET E. CONDUCTOR E. INSULATOR GAS LQuID
MATERIAL SELECTOR
REFERENCE DESCRIPTION PICKER ?
e Lo B
E. insulator Name [En_1 1791 1
#-Gas il
I Liquid L =i -1 ﬁ
i Lamination Version [202000 - | Description
-Magnet Author [Fusmotor TERIAL SELECTO!
: Manufacturer [FluxMotor L L MATERIAL SELECTOR @
priceusong) 00 REFERENCE Mechs
Reminder  [AISI 1045, ‘L:[’r_“ Lunauer - . Luiuucn REFERENCE ~ e
IAFNOR XC48, i E. insulator “-E. insulator /
T Gas N frEes Electric
Liquid +-Liquid
Lamination s-Lamination pa
USER (e Magnetic
E. conductor =-Solid ®
Z nsulator |- Aluminium_6061 R
v HEN_1_1151 =
Thermic
Magnet o |-EN_1_400:
Solid Y HldE v e :: b
EN_1_4306 Duplicate | —TEN_1_4306
EN_1.4418 Help |-EN_1_4418
Pure_iron - L Pure_iron o
M My e My 2

How to display the material properties?

1 The properties of the selected material are displayed in a tab.

2 In any case, one must select the name of the material properties which have to be displayed.

3 The first way to display the properties of the selected material consists of using the right mouse button to expand the
corresponding menu and clicking on the function Display.

4 The second way to display the properties of the selected material consists of double clicking on the considered
material.
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2.5.2 Hide material properties

Hide the material properties consists of removing the tabs in which the physical properties of the material are displayed from the central

screen of the “Materials” application.
Note: The properties of the materials are hidden, but the material still exists in the material database.

Two ways are possible to hide material properties. There are described below.

@ @

FAMILIES

v f

MAGNET E. CONDUCTOR

MATERIAL SELECTOR (W] Materials
REFERENCE
R, LUNIJULLUr -
%}E. insulator
pe et N © 0O
LIJ—LIquld '
- Lamination ALL LAMINATION SOLID
Magnet
Solid
Aluminium_6061 MATERIAL SELECTOR
REFERENCE DESCRIPTION
bl SRS VRV L) -
#-E. insulator Name [EN_1_1191
) i Cfas. Family |5olid
Duplicate +=Liquid
iN_1 _.44|8 Telp e Lardnation Version [2020.0.0
ure_ron M &-Magnet Author |FluxMotor
£-Solid
USER e Manufacturer |FluxMotor
E. conductor Aluminium_6061
: = Price (USD/I 0.0
Lt insuiator EN_1_1151 (usorkg) |
lGas Reminder IS| 1045,
| tiquid E:_:_:OD: FNOR XC48,
—Lamination E ‘1‘ L2
—Magnet EiHLeEL)
L solid EN_1.4418
Pure_iron =2

USER

DA A T

How to hide the material properties?

corresponding menu and clicking on the function Hide.

1 The first way to hide the properties of the selected material consists of using the right mouse button to expand the

displayed tab.

2 The second way to hide the properties of the selected material consists of clicking on the cross in the top part of the
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2.5.3 Delete a material

Delete a material means that it is removed from the material database.
Only materials from the user material database can be deleted.

Note: When 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. They 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.

USER

E. conductor
—E. insulator

Gas

Liquid
—Lamination

Magnet
=-Solid

Display
Edit

Delete R

USER

E. conductor
E. insulator
Gas

Liquid
Lamination
Magnet

N N N

Ny |7

Remove material ?

Do you really want to remove the material USER.EN_1_1191_1?

N N o\% N 7

©

How to delete a material?

1 Select the name of the material to be deleted.

> 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.

The second way to delete a material consists of clicking on the Delete button in the area where several functions are

3 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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3 SYSTEM FUNCTIONS
3.1 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:

®H® @

FAMILIES

MATERIALS '\\ D @ U / Il 0 0

LAMINATION SOuD MAGNET E. CONDUCTOR E. INSULATOR GAS uQuio

MATERIAL SELECTOR E Materlals .
e REFERENCE =
%— E: insulator 1 Abo Ut 4
a-Gas
d-tiquid Debug mode (Ctrl-D)
\{»wmnallm
i-»;aoalgum Help
= S0l
P Exit (Ctrl-Q) MATERIALS
EN_1_1191
EN_1_4005
EN_1_4057
EN_1_4306
- EN_1_4418
-Pure_iron -
R MATERIAL SELECTOR
~E. conductor
REFERENCE
e #-E. conductor
[ #-E. insulator
Len_1 11911 Gas
#-Liquid
Lamination
#-Magnet
& & & & S #-Solid

N\

ALL

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

e  About

1 e Debug mode
e Help
e Exit

Select default materials ready to be used in Motor Factory via Quick building access.

wWIN

Import materials from an external database.

4 Export materials to an external database.
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3.2 Define default materials

The aim of this function 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:

3)
) B8R
- FAMILIES
Ty N b D v f£ A DO @
- A LAMINATION SOLD MAGNET E. CONDUCTOR E. INSULATOR GAS uQuiD
MATERIAL SELECTOR
o REERENGE Select default materials Select default materials x]
f
%[f:m Electrical conductor Electrical conductor |REF.Copper E]
raminaton
i::ﬁm Electrical insulator IREF.Nomex_1 30 El Electrical insulator IREF‘NomexJ 30 E]
Gas [Rer.air [+] Gas [rer.air [~ ]
Liquid [Rer.water [~] Liquid [Rer.water [~]
USER Lamination IREF.M330_35A El Lamination REF.M330_35A [~]
e REF.M250_50A N
-G Magnet |REF.smCo_1040_1800 E] Magnet REF.1M300_35A
Flamston
[ Solid [ReF.EN1_1151 [~ Solid REF 11250_50A
Len 111911 REF.M400_65A
< Back| [ Next = | [vatidate | [ cancel | [ Hetp n REF M600_50A
| sack| [ext || vatste | cance | etp | e
?
% M % 0% @
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.
3 For each material family, expanding the menu allows choosing among all the possible materials stored in the material
database (reference as well as user material database.
4 The choices of default materials are achieved when clicking on the Validate button.
Itis also possible to cancel the choice.
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3.3  Export materials

It is possible to export materials from user material database to share them with other users.

Here is the way to export materials:

[W Materials B3R
FAMILIES
N D DY F O ®
ALL LAMINATION SOLD MAGNET E. CONDUCTOR E. INSULATOR GAS uQuip
MATERIAL SELECTOR
REFERENCE
Gk ot EXPORT [x]
Toe
%—:‘::::mmn USER Database path |D:\Matenals s |®
- Magnet
o
&-Solid E. conductor
. EXTERNAL DATABASE
E. insulator .
Gas E. Fon Iuctor
Liquid E.insulator @
Lamination ffas y
TSER Magnet * < I'qu_' . 5
E. conductor Solld - cathraoronT
¢ i Magnet
Liquid Solid
Lamination
Magnet (s
v 5 @
< Back | | Next > | | Export | | Cancel | | Help
Mo i MMy 7

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

Dialog box allows exporting materials from each material family.
Note: Only materials from user material database can be exported.

N

Select the path where the exported materials will be stored.
Note: This selection is mandatory to continue the process of exporting.

Select the materials to be exported in each family.

Choose to export the materials one by one.

Choose to export all the materials at the same time.

Visualize the materials which are already selected to be exported.

Exporting selected materials is achieved when clicking on the Export button.
Obviously, it is possible to cancel the process of exporting.

0 (NjoO|h~[ W
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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:

O ®®

FAMILIES

O O W |F |F

LAMINATION ~ SOLD  MAGNET  EJCONDUCTOR . INSULATOR GAS

[W] Materials

D 0

- MATERIALS AN
Al LiQuip

MATERIAL SELECTOR

REFERENCE
- E. conductor

. insultor IMPORT
= Gas
b viquid

i
+-Lamination Database path [D:\Materials ®

=~ Magnet

USER

-solid

EXTERNAL DATABASE

E. conductor
E. insulator
Gas

Liquid *

USER

Lamination
Magnet
Solid

E. conductor
~E. insulator

Gas

Liquid

Lamination

Magnet

0]

Solid

|-- Ea(k” Next > || mport

Cancel

AR S

[EnY

Main button to open the dialog box allows importing materials.

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

N

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.

Visualize the materials which are selected for import.

Choose to import the materials one by one.

Choose to import all the materials at the same time.

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

0 (N|oOg|h~[ W
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3.5  General functions
3.5.1 Debug mode function
The Debug mode function is dedicated for solving the problem in the use of “Materials” application.
In case of trouble, instructions will be given by our FluxMotor® support team to use this function.
E Materials i, )
About | Open FM appdata ] reload ReferenceMaterialDataBase I
Debug mode (Ctrl-D) | Log TSz p —
R -Dnetbeans.home=C:\Altair\FluxMotor2017dewv\Bin\platform =
Help
Exit (Ctrl-Q) MATERIALS -Dnetbeans.user=C:\Users\fmarion\FluxMotor\FluxMotor2017dev\FluxMotorCommon\Userdir\Materials

-Dnetbeans.default_userdir_root=
-XX:+HeapDumpOnOutOfMemoryError

-XX:HeapDumpPath=C:\Users\fmarion\FluxMotor\FluxMotor2017dev\FluxMotorCommon\Userdir\Materials\var\lo
Is\neapdump.hprof
-Dsun.awt.keepWorkingSetOnMinimize=true

MA-IERIAL SELECTOR -Dnetbeans.dirs=C:\Altair\FluxMotor2017dev\Bin\materials;C:\Altair\FluxMotor2017dev\Bin\MotorCommon; C:\Alt
lair\FluxMotor2017dewv\Bin\ide

exit
REFERENCE Compiler: HotSpot 64-Bit Tiered Compilers

Heap memory usage: initial 128.0MB maximum 228.0MB
E. conductor

Non heap memory usage: initial 2.4MB maximum 1456.0MB

& Garbage collector: PS Scavenge (Collections=28 Total time spent=0s)
E. insulator (Garbage collector: PS Marksweep (Collections=3 Total time spent=0s)
Classes: loaded=10655 total loaded=10673 unloaded 18

Total memory {0}
MEMORY
Enter in debug Mode

Mode debug
Access to “Debug mode” from the top menu of “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”.

[EnY
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352 Exit

Closing “Materials” application is possible

@

E Materials
About »
=
Debug mode (Ctrl-D) = [x]

Help

MATERIALS

MATERIAL SELECTOR
REFERENCE

E. conductor
E. insulator

Exit — Close “Materials” application
1 Close “Materials” application from the top menu of “Materials” application.

IXI Close “Materials” application by using the following icon on the right top part of the “Materials” application panel.

. 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”.

N\ ALTAIR
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4 ADVANCED

4.1
411

Define a B(H) curve

Create a B(H) curve — Main principles

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

approximation of the experimental curve.

The corresponding mathematical formula is written as follows:

Hy+1—/(Hy+1)2—4xH, x(1—a))
2x(1—-a)

B(H) = po xH+]Js X

with HazpoxHx”;—_1

S
Uo =4 X7 X107 | Permeability of vacuum.
Uy Initial 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.

25

SELECTED VALUES
Magnetic polarization at saturation (js) (T) [2.0 |
Relative permeability (ur) [3 000.0 ]
Knee coefficient (a) [o.01 |
B(H)
SELECTED VALUES
7 Magnetic polarization at saturation (Js) (T) [2.0 |
Relative permeability (ur) [3 000.0 |
Knee coefficient (a) 5| |
B(H)
25
e
20-
0 1000 3000 4000 5000 60 e _
HA/mMm) E
@
1.0
0.5
00 , . . . " " . : - .
0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 11000
H(A/m)

Shape of B(H) curve with the function of knee coefficient.
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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)
o 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.

New material

Linear © Non linear

MAGNETIC DATA : LINEAR BEHAVIOR MAGNETIC DATA

O Linear Non linear
MAGNETIC DATA : NON LINEAR BEHAVIOR

SOLID MATERIAL MAGNETIC PROPERTIES
SOLID MATERIAL MAGNETIC PROPERTIES

Relative Permeability * [3 000.0

Magnetic polarization at saturation {Js) (T)* [2.0 |

Relative permeability (ur) * [3.000.0 ]

LAMINATION STACK MAGNETIC PROPERTIES Knee coefficient (a)* [os I
Relative Permeability  [2760.08 LAMINATION STACK MAGNETIC PROPERTIES

Magnetic polarization at saturation (Js) (M)  [1.84 ]

Relative permeability (ur) [2760.08 |

Knee coefficient (a) lo.s |

Characterization of the B(H) curve
1 When creating a new material or when editing the properties of an existing one, a tab is dedicated to the magnetic
data.
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) and displayed in a disabled field (below).
4-5 | 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)
6 e  The magnetic permeability (jr)
. 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) and displayed in a disabled field (below).
Another method is possible to define the B(H) curve characteristics 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.
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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.
1 2) (3 @ 5 6)(7

Data file: [DaFluxMotorua_Presentation\e_Miscellaneoullimport_Mgterials|FeCo_50_50.xis | @ E]
SELECTED VALUES
Magnetic polarization at saturation (s} (1) [2313 7 S LtlE| U L [x]
Relative permeability (ur) [s772228 . Data file: [D:\FluxMotor\a_Presentation\e_Miscgllaneous\import_MateMals\FeCo_50 50.xIs | @ it | | Fit with pr
Knee coefficient (a) [6.457 E-1
. B(H) SELECTED VALUES
Magnetic polarization at saturation (Js)(T) f2.313 |
20, Relative permeability {ur) [Booa . ]
. Knee coefficient (a) [6.457 E-1 |
=
& B(H)
10
s e e s Eam kA RAARASEImES _Smmm
0s. —
1000 000 3000 a0 S0 oo 7600 0 000
H{A/m)
— B(H) user — B{H)fit & B(H)input |
v X 2 4000 5000 6000 7000 2000 9000 10000 11000
H(A/m)

— B(H)user  — B{H)fit = B(H)input

@

Identification of the B(H) curve characteristics
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.
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.
At the same time three curves are displayed:
3 Red points are the imported points (listed in the Excel file)
Green curve is the resulting curve computed by the optimization process. This corresponds to the computed
characteristics and displayed just after the computation.
The blue curve shows madifications induced if the characteristics Js, ur and a are changed by the user.
Indeed, the user can adjust one or all the three main characteristics of the B(H) curve: Js, pr and a. The resulting
modification is directly displayed on the graph below.
Field in which the path where the Excel file to be imported is stored.
At any time, the user can run the optimization process to get back the proposed values for Js, pr and a.
It is possible to run the optimization process by considering only two variables Js and a. In that case pr is imposed by
the user
The last values of JS, pr and a, written in the input fields are validated when the user clicks on this button.
8 Validation of the last values of Js, yr and “a”

[EnY

~N (oo &~

a” is achieved when clicking on this button.
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 grayed out.
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 o
Automatically computed from the sine wave value — The field is grayed out.
Oe Exponent of B and f for the excess losses.

Note: The formula above is not homogeneous with considered the 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 creating a new material or when editing the properties of an existing one, a tab is dedicated to the magnetic data. In this tab, iron

loss coefficients must be given.
2) ®

MAGNETIC DATA : IRON LOSSES

Hysteresis loss coefficient (kh) * [0.025
Exponent of B for the hysteresis losses (ah)*  [1.7
Exponent of f for the hysteresis losses (Bh) * 1.0

Classical loss coefficient - Sine wave (kc x kac) * \1.0 E-4

Classical loss coefficient - Any wave (kc) \5.066 E-6

Exponent of B for the classical losses (ac) * [2.0

Excess loss coefficient - Sine wave (ke x kae) * [0.0

Excess loss coefficient - Any wave (ke) {U.U

Exponent of B for the excess losses (ae) * {8.8

Fit

Cancel ]

< Back n Next »

Definition of iron loss coefficients
In the tab dedicated to magnetic data, a data table allows to define iron loss parameters.
The users can fill this form when they know the values of the parameters.
2 It is possible to move forward or backward to other tabs describing all the physical properties of lamination.
When the users do not know the values of the parameters, they can use the function “Fit” to find relevant values to set.
This function is described below.

.\ ALTAIR
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4.2.2 How to define iron loss parameters?

4.2.21 Overview

Three main methods are provided to help the users find the relevant values to consider for 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, induction)
e Two measurement points are characterized: Amount of iron losses corresponding to the values (frequency, induction)
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

select Iron losses model:

Hysteresis loss coefficient (kh) W‘
Exponent of B for the hysteragis losses (ah) E
Exponent of f for the hystergsis losses (Bh) 1.0
Classical loss coefficient -Sine wave (ke x kac) [3.8
Classical loss coefficient/- Any wave (ke)
Exponent of B for the dlassical losses (ac) 2.0
-sinewave (kexkoe) [00 |
0.0

Point1

Frequency (Hz)
Induction (T)
ironlosses Whg)  [25 ] :

Excess loss coefficie
Hysteresis losses ratio [0.5

Exponent of B for,

Excess loss coefficignt - Any wave (ke)

he excess losses (ag)

Iron losses ( at 50.0 Hz)

-
\\

N

Losses{Wrkg)
\
\
A

\

| — Iron losses fit = Iron losses input

Frequency [Hz;lso 0 Call [~ ]

SR _
//@
][] @

Definition of iron loss coefficients — from one measurement point

Dialog box dedicated to define the iron loss parameters. Located in the magnetic data tab when creating a new material
or when editing the properties of an existing one.

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

Measurement characteristics:

. Frequency,

. Induction (magnetic flux density B),

) 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.

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.

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.
Note: The values can be modified inside the table and the resulting curve is displayed below.

It is possible to select a frequency to visualize the behavior of the resulting iron loss curve.

Note 1: Write a new frequency or user can select the frequency by expanding the menu.

Note 2: In the current example, the selected frequency equals the frequency set as input. The targeted measurement
point (in red) is superimposed to the resulting iron loss curve.

Validation of iron loss parameters is achieved when clicking on this button.
it is possible to cancel the computation of iron loss parameters.
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4223 Case 2: From two measurement points

Point 1
Frequency (Hz)
Induction (T)

Frequency (Hz)

induction (T}

[

DATAS RESULTS
Select Iron losses model: [3 points Jig At| Hysteresis loss coefficient (kh)
Exponent of 8 for the hysteregis losses (ah)
[EX0 Exponent of f for the hystergis losses (Bh)

Classical loss coefficient - Jine wave (ke x kac) |4.514 E-2

Iron losses (W/kg) [2.5

Classical loss coefficient f Any wave (kc)

Exponent of B for the clgssical losses (ac)

[s0.0

Excess loss coefficieny- Sine wave (ke x kae)

[is

Excess loss coefficiefit - Any wave (ke)

Point 2

Iron losses (Wikg) [5.4

Exponent of B for tfie excess losses (ae)

Iron losses ( at 50.0 Hz)

2.0
0.0

1
1

Losses(W/kg)
B e e wn oy wmw B

B(M

— Irn losses fit

= Iron losses input

Frequency (Hz)50.0

[ [~ |
E////@;

(&)
()

Definition of iron loss coefficients — from two measurement points

1 Dialog box dedicated to defining the iron loss parameters. Located in the magnetic data tab when creating a new material
or when editing the properties of an existing one.

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

¢ Induction (magnetic flux density B)
e lron losses (amount of iron losses)

Measurement characteristics to give for each measurement point:
e Frequency (It is highly recommended to take 2 different frequencies as boundaries of the working area)

4 optimization process.

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

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.

It is possible to select a frequency to visualize the behavior of the resulting iron loss curve.
In the current example, the selected frequency equals the frequency set as input. The targeted measurement points (in

red) are superimposed on the resulting iron loss curve.

7 Validation of iron loss parameters is achieved when clicking on this button.
It is 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, our 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 give 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 very 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)

Select Iron losses model: Hysteresis loss coefficient (kh)

__1 78.003

File . Exponent of B for the hysteresfs losses (ah) [1_7—-0__3:]
Select fitting file: [D:\Materials\LAM_300_35_FM_@xis ] () | EXPonent of ffor the hysteresis losses (Bh)
Classical loss coefficient - $ine wave (ke x kac)
Classical loss coefficient /Any wave (kc)
Exponent of B for the clgssical losses (ac)
Excess loss coefficient/- Sine wave (ke x kae)
Excess loss coefficiegft - Any wave (ke)
Exponent of B for tfie excess losses (ae)

Iron losses ( at 50.0 Hz)

"

45 J
4
.
is
w
-
g ; ‘—/
2 3
7 =
9 2 ey
=] ~
- 15 —u
]
1 T
e
0s g
g
0 02 04 0§ Y3 1 12 14 3 18 2

[ ~— Iron losses fit - lro’\lossesmpu:J

Frequency (H2{50.0

o c /@

Definition of iron loss coefficients — from a map

Dialog box dedicated to defining the iron loss parameters. Located in the magnetic data tab when creating a new material
or when editing the properties of an existing one.

Choice of the method to find iron loss parameters (from a file input (map) in this example).

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.

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.

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.

It is possible to select a frequency to visualize the behavior of the resulting iron loss curve in a wider range of
frequencies.

In the current example, the selected frequency equals the frequency considered in the Excel file. The targeted
measurement points (in red) are superimposed on the resulting iron loss curve.

Validation of iron loss parameters is achieved when clicking on this button.
It is 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 in 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 four columns with twenty rows.

e The exponent of B for the excess losses is set to 1.5 in our 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 induction at Trer.
o Reverse temperature coefficient for Br.
Lr Relative permeability.
HcJ Intrinsic coercivity at Trer.
B Reverse temperature coefficient for HcJ.
(B.H) max Energy pr.oduct.. .
Disabled input field, value deduced from other inputs.
Heb N_ormal cc_)ercivi_ty 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.

MAGNETIC BEHAVIOR : MAGNET

Reference temperature Tref (°C) [z0.0 | Energy product (B.HImax (/m3) |2.069 €5

Remanent induction at Tref (Br) (T) [1.04 | Reverse temperature coefficient afor Br (K-1) [-3.2 E-4

Relative permeability (ur) [1.04 | Normal coercivity (Hcb) at Tref. (Afm) |7.958 ES

Intrinsic coercivity (HJ) at Tref. (/m) [1.8 €6 | Reverse temperature coefficient 8 for He (K-1) [1.9E-3

Maximum operating temperature (°C) [350.0 | curie temperature (°C) |800.0

B(H) T=Tref

14 SR EARLN .
13

LA gy
1.0
0.8
LE
07

B(T)

0.6:
o5

0.4
03

oo W

01— — R
6 Py
-1800000 1700000 -1600000 1500000 1400000 -1300000 1200000

B EBH) W Initial J(H)

B (B.H)max M Load line location

Temperature (°C): (200 @

Presentation of the magnet properties in “Materials” application

1 Dialog box dedicated to the definition of magnet parameters. Located in the magnetic data tab when creating a new
material or when editing the properties of an existing one.

2 Input parameters are written in this header and are defined for the reference temperature Trer written in the first cell of
the table.

3 Remanent induction at Trer (Br).

4 Normal coercivity at Trer (Hch).

5 B(H) curve for the magnet.

6 Intrinsic coercivity at Trer (HcJ).

7 The curves displayed depend on the operating temperature defined in this field. The default value corresponds to the
reference value. The user can modify this value and visualize the changes on graph.

8 (B.H) max curve.

9 Load line location. See illustration on how to use it below.

10 Load lines.
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@

MAGNETIC BEHAVIOR : MAGNET

©

Reference temperature Tref (*C) [20.0
Remanent induction at Tref (Br} () [1.04
Relative permeability (ur) [1.04

| Energy product (B.H)max (m3) |z.089 €
| Reverse temperature coefficient a for Br (K-1) |-3.2 E-4|
| Mormal coercivity (Hcb) at Tref. (a/m) [7.958 €

Intrinsic coercivity (Hc]) at Tref. (A/m) [1.8 E6

| Reverse temperature coefficient B for He) (K-1) [-1.9 E-3|

Maximum operating temperature (°C) [350.0

| Curie temperature (“C) [800.0

B(H) T=Tref

W B(H) W Initial J{H)

B (B.H)max

Temperature (°C}): [20.0

How to use the load line location?

Target a load point.

Draw a horizontal line till the intersection with the load line curve.

Then, draw a vertical line from the previous intersection till the intersection with the B(H) curve.

AIWIN|F

The new intersection point allows drawing the targeted load line as shown on the graph above.
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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 material 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

Gaz properties

Introduction

Here is the process to define 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 thermal quantity which are defined below.

Fit mass density properties

Data file: [C:\Users\Name\

2020\Ter

SELECTED VALUES
Mass density reference temperature - TrefD (°C) *

Mass density at TrefD (kg/m3) *

Mass density

Mass density first order temperature coefficient at TrefD (K-1) * -1.952 E-3
Mass density second order temperature coefficient at TrefD (K-2)* [1.211 E-6

Mass density (kg/m3)

0 20 0 60 80 100 120 140 160
Temperature (°C)

—— Mass density user Mass density fit

[v] [X]

= Mass density input

180

Fit mass density properties

Data file: [C:\Users'\Name\ FluxMotor\FluxMotor2020\Templates\Mater/als\airMa}

sDens»ty.xls‘

SELECTED VALUES
Mass density reference temperature - TrefD (°C) *

Mass density at TrefD (kg/m3) *

Mass density first order temperature coefficient at TrefD (K-1)*

Temperature (°C)

— Mass density user Mass density fit

= Mass density input

Ve

NS

Eal

@

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

[EnY

Dialog box allowing the characterization of the density curve imported from an Excel file

2 Path where Excel file to be imported is stored. See an example of Excel file below.

When importing an Excel file, points representing the density curve are listed, an optimization process automatically
computes and displays the corresponding characteristics.
At the same time three curves are displayed:

3 Red points are the imported points (listed in the Excel file)
Green curve is the resulting curve computed by the optimization process. This corresponds to the computed
characteristics and displayed just after the computation.
The blue curve shows madifications induced when the characteristics are changed by the user.

Indeed, the user can adjust one or all the three main characteristics of the density curve.
e The density at reference temperature

4 e The density first order temperature coefficient
e The density second order temperature coefficient
5 Field in which the path where the Excel file to be imported is stored.

6 At any time, the user can run the optimization process to get back the proposed values.

The last parameter values, written in the input fields are validated when the user clicks on this button.
Validation of the last parameter values is achieved when clicking on this button.
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 mass density curve parameters.
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Mass density curve
Label Temperature Mass density
Units K kg/m3
Values 273,15 1,2759
203,15 1,2
31315 1,13
33315 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 Trem °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 also 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.
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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 is the previous table are defined for the reference pressure Prer 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
4451

Liquid properties

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

gas thermal quantity which are defined below.

ass de prope [x]
Data file: [C:\Users \Name\ FluxMotor 2020\T: MassDensity.xIs@/ ]@
SELECTED VALUES
Mass density reference temperature - TrefD (°C) * 20.0 3 ae propertie ]
e o e [297:694 /| Data file: [C:\Users \Name\ FluxMoton\FluxMotor2020\Templates\Materfals\waterMassDensity.xls @ 1@ |rit
Mass density first order temperature coefficient at TrefD (K-1)* -2.125E-4
Mass density second order temperature coefficient at TrefD (K-2) * |-3 585 E-6 SELECTED VALUES
Mass density Mass density reference temperature - TrefD (°C) * 20.0 |
Mass density at TrefD (kg/m3) * [997.692 ]
fg 10004 Mass density first order temperature coefficient at TrefD (k-1)* / [4E-4 ]
B 950. Mass density second order temperature coefficient at TrefD (K-£) * [-3.585 E-6 ]
%‘ 0 Mass density
5 05
850
B - 100,
]
= o § 2
20 % 6 ) w0 120 10 10 w0 20 20| 2
@
Temperature (°C) g 8o
©
a0
— Mass density user Mass density fit = Mass density input S
= 70
0 20 % & 8 100 120 140 16 180 200 20 20 260
.
Temperature (°C)
— Mass density user Mass density fit = Mass density input
—~ I s | [\ 7
V1 A \:’)

Identification of the water mass density curve characteristics (for instance)

[EnY

Dialog box allowing the characterization of the density curve imported from an Excel file

Path where Excel file to be imported is stored. See an example of Excel file below.

computes and displays the corresponding characteristics.
At the same time three curves are displayed:
Red points are the imported points (listed in the Excel file)

characteristics and displayed just after the computation.

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

Green curve is the resulting curve computed by the optimization process. This corresponds to the computed

The blue curve shows maodifications induced when the characteristics are changed by the user.

Indeed, the user can adjust one or all the three main characteristics of the density curve.
e The density at reference temperature

e The density first order temperature coefficient

e The density second order temperature coefficient

al

Field in which the path where the Excel file to be imported is stored.

At any time, the user can run the optimization process to get back the proposed values.

Validation of the last parameter values is achieved when clicking on this button.
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.

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

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 Remanentinduction of magnets

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

The corresponding mathematical formula is:

Bry = Bryer X (1 +a X (T — Tper))

B Remanent induction to be defined at a temperature T.

i Linear function of the temperature for an isotropic or anisotropic material.
Tref Reference temperature.
T T is the temperature for which the remanent induction must be computed.
Brret | Remanent induction 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))

Helr In_trinsic Cogrcivity 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.
HcJret | Intrinsic Coercivity of the magnet at Trer.
a Reverse temperature coefficient for HcJ at Trer.
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