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Introduction 1

This document gives the major information about Altair® FluxMotor® 2022.2. The main highlights of this
new version are described below. For more detailed information, please refer to the user help guides.
The list of documents to read is presented below.

This chapter covers the following:

e 1.1 Overview (p. 4)
e 1.2 Documents to read (p. 5)



Altair® FluxMotor® 2022.2
1 Introduction

1.1 Overview

Here are the highlights of the new version:
e Transient thermal computations for Reluctance Synchronous Machines

Power step, Thermal time constants & Chart of temperature
e Computation of AC losses in winding — Hybrid method
¢ Induction machines - A new option for the SSFR test
¢ A new application “Materials”
e A new application “Script Factory”
e A new EXPORT/DOCUMENT/Script

The full script for building a project, just a click away
e Export to Flux 3D - Synchronous Machines - Permanent Magnets
e Export to Flux 3D - Reluctance Synchronous Machines
e A new EXPORT / SYSTEM environment
Export of Lookup tables (LUT) for Activate and PSIM
e Further new functions
1. Special script functions for filling the slots
2. A flag to raise non consistent winding architecture and/or slot filling
e Correction of issues

p.4

All the added new features are briefly described below followed by an update about issues and bugs.

Architecture and provided g A
At FluxMotor® 2022.2 highlights
_ 1) Transient thermal computations for Reluctance Synchronous Machines
Supervisor
Power step, Thermal time constants & Chart of temperature

Motor Factory — DESIGN SMPM ~ i o i

— TEST SMPM (16) 2) Computation of AC losses in winding — Hybrid method

_DESIGN IMSQ 3) Induction machines — A new option for the SSFR test

- TEST IMSQ (10) 4) A new application “Materials”

- DESIGN SM RSM 5) A new application “Script Factory”

- TEST SM RSM (11) .

6) A new EXPORT/DOCUMENT/Script

AEET R = Eﬁggﬂcﬂpt « The full script for building a project, just a click away

+  HyperStudy .

s Floc 2D/ 30/ Skew 7) Export to Flux 3D — Synchronous Machines - Permanent Magnets

= FMU (Activate) 8)

- MAT (PSIM) Export to Flux 3D — Reluctance Synchronous Machines

9) A new EXPORT / SYSTEM environment
Motor Catalog — (With a comparator)
Part Library = Export of LUT for Activate, PSIM,

Part Factory
- DESIGN DOCUMENT ADVANCED TOOLS
F 7, ) N
€ o % o

Material database
2 2
20 (sk 3

Unit manager ¥
rﬁ TEST
-m REPORT SCRIPT HYPERSTUDY  FLUX2D  FLUXSKEW  FLUX 3D

FluxMotor 2022.2 - Highlights
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1.2 Documents to read

1) Important: It is highly recommended to read the user guides given below, before using

FluxMotor®. Each user help document can be downloaded from the online user help

Below, here is the list of documents which are available.

1. General user guides for any type of machine:

Installation_guide_en.pdf (Installation for both Altair® Flux® and Altair® FluxMotor®)
Supervisor_2022.2.pdf

MotorCatalog_2022.2.pdf

PartLibrary_2022.2.pdf

PartFactory_2022.2.pdf

Materials_2022.2.pdf

ScriptFactory_2022.2.pdf

MotorFactory_2022.2_Introduction.pdf

MotorFactory_2022.2_3Phase_Winding.pdf

2. User guides dedicated to Synchronous Machines with Permanent Magnets - Inner
and Outer Rotor

MotorFactory_2022.2_SMPM_IOR_3PH_Design.pdf
MotorFactory_2022.2_SMPM_IOR_3PH_Test_Introduction
MotorFactory_2022.2_SMPM_IOR_3PH_Test_Characterization.pdf
MotorFactory_2022.2_SMPM_IOR_3PH_Test_WorkingPoint.pdf
MotorFactory_2022.2_SMPM_IOR_3PH_Test_PerformanceMapping.pdf
MotorFactory_2022.2_SMPM_IR_3PH_Test_Mechanics.pdf
MotorFactory_2022.2_SMPM_IOR_3PH_Export.pdf

3. User guides dedicated to Reluctance Synchronous Machines - Inner Rotor

Proprietary Information of Altair Engineering

MotorFactory_2022.2_SMRSM_IR_3PH_Design.pdf
MotorFactory_2022.2_SMRSM_IR_3PH_Test_Introduction.pdf
MotorFactory_2022.2_SMRSM_IR_3PH_Test_Characterization.pdf
MotorFactory_2022.2_ SMRSM_IR_3PH_Test_WorkingPoint.pdf
MotorFactory_2022.2_SMRSM_IR_3PH_Test_PerformanceMapping.pdf
MotorFactory_2022.2_SMRSM_IR_3PH_Test_Mechanics.pdf
MotorFactory_2022.2_SMRSM_IR_3PH_Export.pdf

J\ ALTAIR
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p.6

4. User guides dedicated to Induction Machines with Squirrel Cage - Inner and Outer
Rotor

MotorFactory_2022.2_IMSQ _IOR_3PH_Design.pdf
MotorFactory_2022.2_IMSQ _IOR_3PH_Test_Introduction
MotorFactory_2022.2_IMSQ_IOR_3PH_Test_Characterization.pdf
MotorFactory_2022.2_IMSQ_IOR_3PH_Test_WorkingPoint.pdf
MotorFactory_2022.2_IMSQ_IOR_3PH_Test_PerformanceMapping.pdf
MotorFactory_2022.2_IMSQ_IR_3PH_Test_Mechanics.pdf
MotorFactory_2022.2_IMSQ_IOR_3PH_Export.pdf

Proprietary Information of Altair Engineering
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List of new features

This chapter covers the following:

e 2.1 Transient thermal computation for Reluctance Synchronous Machines (p. 8)

e 2.2 Computation of AC losses in winding - Hybrid method (p. 9)

e 2.3 A new option for characterizing the equivalent scheme of induction machines (p. 11)
e 2.4 A new application “Materials” (p. 12)

e 2.5 A new application “Script Factory” in standard mode (p. 15)

e 2.6 A new Export / Document / Script file (p. 17)

e 2.7 Export to Flux 3D is available (p. 19)

e 2.8 A new Export / SYSTEM environment for providing LUT (p. 23)

e 2.9 Further new functions (p. 26)



Altair® FluxMotor® 2022.2
2 List of new features p.8

2.1 Transient thermal computation for Reluctance
Synchronous Machines

A new test is available for characterizing the transient thermal behavior of the Reluctance Synchronous
machine while applying a power step.

The aim of “Characterization — Thermal - Motor & Generator - Transient” test is to evaluate the impact
of electromagnetic performance on thermal behavior of the machine in a transient mode.

The thermal working point defined by the speed and a set of losses can be considered to compute the
temperature charts and the main thermal parameters, like the heat capacities and the thermal time
constants.

and a set of losses Inputs

* Speed
+ Stator Joule losses
+ Stator Iron losses
* Rotor iron losses
* Mechanical losses

Heat capacities
Time constants

Evaluating the impact of Emag on transient thermal behavior Settings Outputs

* Thermal * General data
Overview of the transient thermal behavior of the motor * Chart of temperatures
considering topology, thermal parameters ﬁig‘f‘li‘;ﬁw

- Thermal model parameters " 9
eria st settings &
Geometry Winding B e e Materials Test settings & Inputs

lytical non-linear  C ion | Analytical linear computations §'§ 2D FE steady state solving Era
computations of heat Conduction in the machine —» ,g » Thermal network identification
Convection & Radiation  capacities Rotor & Stator excepted 25 Conduction Iin stator & rotor parts ==
[

!

3D thermal network solving
Non-linear solving including coolant properties and radiation

Temperature (°C)

‘ v . -

'. ! N ¥
Thermal time constants Temperature curves Heat capacities Final temperatures

Transient thermal computation — Power step, thermal time constants & chart of temperature

J\ ALTAIR
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2.2 Computation of AC losses in winding - Hybrid
method

From now on, while running the test to characterize the behavior of machines, operating at a targeted
“working point” by considering the “"Accurate mode” of computation, there will be three options for
computing or ignoring AC losses in winding:

None: AC losses are not computed. However, as the computation mode is “"Accurate”, a transient
computation is performed, but without representing the solid conductors (wires) inside the slots. Phases
are modeled with coil regions. Thanks to that, the mesh density is lower with a lower number of nodes
and a lower computation time.

FE-One phase: AC losses are computed on one phase. Only one phase is modeled with solid
conductors. The two other ones are modeled with coil regions. One gets AC losses in winding, but with
a lower computation time than if all the phases were modeled with solid conductors. However, this can
have a little impact on the accuracy of results.

FE-AIl phase: AC losses are computed on all the phases. All the phases are modeled with solid
conductors. This computation method gives the best results in terms of accuracy, but with a higher
computation time

With the current version, a new method is available:

FE-Hybrid: AC losses in winding are computed without representing the wires (strands, solid
conductors) inside the slots.

Since the location of each wire is accurately defined in the winding environment, sensors evaluate the
evolution of the flux density close to each wire. Then, a postprocessing based on analytical approaches
computes the resulting current density inside the conductors and the corresponding Joule losses.

The wire topology can be “Circular” or “"Rectangular”.

There can be one or several wires in parallel (in hand) in a conductor (per turn).

This new method of computation is available for all the machines:

Synchronous Machines with Permanent magnets — Inner and outer rotor or Reluctance Synchronous
Machines - Inner rotor, when running the test "Working point - Sine wave - Motor - I, W, N” to
characterize the behavior of the synchronous machines, operating at the targeted input values I, ¥, N
(Magnitude of current, Control angle, Speed).

Induction Machines with squirrel cage - Inner and Outer rotor, when running the test "Working point
- Sine wave - Motor - U, f, N” to characterize the behavior of the induction machines, operating at
the targeted input values U, f, N (Line-Line voltage, Power supply frequency, Speed).

This method leads to more accurate results with lower computation time. This is a good trade off
between accuracy and computation time.

J\ ALTAIR
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 SINE WAVE ?

R o

CHARACTERIZATION 'WORKING POINT PEi

rz=®@®®§@@ 7

OPENCIRCUIT  MODEL  DATASHEET  THERMAL AVE SQUARE WAVE SHE

=

Ml overview

——

i = g

Thermal Electronics  Mechanics.

il

Identifying a working point Settings
defined by targeted current |, Control angle ¥ » Therm INPUTS
and speed N 0 e
P = Mecha |Computation mode Accurate a t %
Qverview of the resulting electremagnetic behavior Inputs  |Current density, rms (A/mm2) 60 Thermal  Electronics  Mechanics
Main results of the motor N l&‘“.“ Cantrol angle (deg) 450
S . s;:e:f Speed (rpm) 15000 INPUTS
= AC losses analysis FE-Hybrid IComputation mode ?‘M:mau
wer electranics Current density. ms (A/mm2) 50
Ripple torque analysis B oriron angle (0eq) a5 0
Additional losses (%

Curves - Fast Jq

N

CHNEIEIRET

Curves - Accurate

R
SH

Mode of computation “Accurate” with Hybrid method of computation for AC losses in winding

SINE WAVE ?

Hybrid approach:

Z QQ

Classical approach : Model wires in FluxMotor

ZZZ QQQ

i o 8

Thermal Electronics ~ Mechanics

INPUTS
Computation mode Accurate
Current density, rms (A/mm2) <60
Control angle (deg) 450

FE-One phase

FE-Hybrid

Solve in flux with flux density sensors instead of wires
Solved in Flux 2D with the wires (solid conductors) Losses are computed from analytical formula

J = f(x,v,B,, B, mat properties)

Computation of AC losses in winding - Classical and Hybrid methods are embedded

J\ ALTAIR
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2.3 A new option for characterizing the equivalent
scheme of induction machines

The characterization of the equivalent scheme for induction machines with squirrel cage has been
improved with one additional option.

The frequency analysis to compute the operational inductance - L(p) — can be based on a working point
defined with the Line-Line voltage U, the power supply frequency f and the speed N.

Indeed, the magnetic permeability mapping of a motor is done at the selected working point (U, f, N).

The resulting map of permeability is then applied to the model while performing the frequency analysis.
This is what known as the frozen permeability method.

This must lead to even more accurate results.

- DEsioN CHARACTERIZATION  WORKING POINT  PERI INPUTS
- i - o
3 @ @ Operational inductance order 2nd
. e el seeed B Model evaluation |ves
B o Op. Line-Line valtage, rms (V) 80.0
SECTIONS CHARACTERIZATION - MODEL - MOTOR - STANDSTIL Op. power supply freq. (Hz) |75 0
U = == S = = = -] ﬁ Add. moment of inertia (kg.m2)
B . i Max. evaluation duration (s)
= . Linear permeability distribution
£ E \\\ R, L Stator permeability ! i
g - N [ :'.fmm'\. Rotor permeability
B PRatreemreese L WP - Line-Line voltage, rms (V) |80.0
B T T rem———— r1 Lo
WP - Power supply frequency (Hz) |75.0
: et pag s s L WP - Slip (%) &'|5.0 |
i R
i \ / R R ot - [
\ =0
'\\ y =
A -
: —_— “ g
Eq.creut Faramsters Parameters of the quivalent circuit S
Model evaluation arameters T -
5 ) Lo e BIM4EE  |Lss (i
fad adl < (Q) m () - “
o1 () 7.02 1 ) BSS2ES <
Speed Emag. torgue i bases  lzan e |
P T S S " VIV R R T
‘ s = Time (s)

Equivalent scheme of induction machines - An even more accurate approach

J\ ALTAIR
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2 List of new features

2.4 A new application “"Materials”

The application “Materials” has been entirely rebuilt. This leads to a streamlined and consistent usage
with all the other applications of FluxMotor.

p.12

Note that this modification is due to an evolution of our software architecture to get even more
reliability, robustness, and performance.

All the functions to create and manage the materials are implemented in the new user-oriented GUI.

A scrolling selection bar helps to choose the sections (1, 2, 3) in which one can define the material
property settings.

The material properties can be defined step by step.

For laminations, one can access the different sections by clicking on the following buttons:

e "Desc.” to give the general information and memos

“Mechanics” to set the mechanical properties
“Magnetics” to define the B(H) curve parameters

“Iron losses” to define the model iron loss parameters

“Thermic” to define the thermal properties of the material

“Operating” to adjust the environment parameters for evaluating the material properties inside the
application "Materials"

In this example, the operating conditions deal with the frequency to be considered for evaluating
the iron losses inside the application “Materials”

Y

MATERIAL SELECTOR

REFERENCE

- eonatctor
+E nsuator
-cas

- Liguid
-Lamnaton
-Magnet
#-Solig

E_contuctor

|E. Insutator

-Gas

|Liquid

o-Lamination
Lamination_001

|-Magret

Lol

Lamination_001  *

MATERIAL - LAMINATION

Magnetic

Flux density (T)

247

22
2

——.

i

BiH) sclid

LAMINATION_001

?

)

— B{H) lamination

& LAMINATION_001 ?
Y I e S
Mechanic JEEGLETSE Iron losses  Thermic Eer  CEEerE wf;x ‘m{m
(s o | 5
o LAMINATION_001 ? o
&, E Type
& S
_— <5 Fr X -~ A
Magnetic Iron losses  Thermic  elETE)
| OPERATING CONDITIONS |
[Frequency (ri) l50.0 | T
hicient 6457 £1
MAGKETC
Saturation mag. polarization Js (T) 2
Initial relative permeability pr 9 [ [} |
Knee coefficient 6
—r’-l—
o000

New GUI of “Materials” / Selection of sections — Example for laminations
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Another example, for the magnets, one can access the different sections by clicking on the following
buttons:

“Desc.” to give the general information and memos

e “Mechanics” to set the mechanical properties

e “Electric” to define the resistivity parameters

e “Magnetics” to define the B(H) and J(H) curve parameters
e “Thermic” to define the thermal properties of the material

“Operating” (1) to adjust the environment parameters for evaluating the material properties inside
the application “Materials”.

In this example, the operating conditions deal with:

¢ The temperature to be considered for evaluating the remanent flux density and the intrinsic
coercivity field

e The load line permeance coefficient

MAGNET_001 ?
MATERIAL
. F R K
- 0 & e s Electric Magnetic Thermic MeLEIENh]
EC NEW L E ELETE
OPERATING CONDITIONS
WATERIAL SELECTOR
Temperature (°C 200
REFERENCE MATERIAL - MAGNET pe (*C)
& conductar Magnetic Load line permeance coef. 1.0
#~E. insulator
I

+Gas
!-L\quld
%—Laminmn e coet tor

i'”‘ag”" Energy product (B Hjmax (Jim3) 2.069 E5 Coercivity HeB (A/m)
%-Solld perating conditions
Temperature (*C) 200

Hed (K-1] OPERATING CONDITIONS |
Y Temperaturs (*C) 200 ‘

Load line permeance coef 1o

Load line permeance caef

| 1

Magnetic field at operating point (A/m) __|4.057 E5 Flux density at operating paint {T)
Magnetic - Flux density versus magnetic field @
1 = /
. ~ . Y —
USER W
. conductor go°
[-E. insulatar Z o7 Mg, e
+-cas g, N
|Liquio S iy S
& Lamination E ey <
<-Magnet = e 2

L-Magnet_001 03
Lsolie

L T T L T =
Demagnetizing field (A/m)

ET R T T

B{H} 21 200 ('C) — Initial JH) #t 20.0 {'C) — (B Hjmax at 20.0('C) — Load line with parmeanca coaf. 1.0

Selection of sections in which one can define the material property settings - Example for magnets

For all the materials, 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.

Data can be exported either into *.txt or *.xls files. The results can be merged or not, which implies
that these can be written in one single file or that a file can be provided for each category of result.

Proprietary Information of Altair Engineering A ALTAI R
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Author
Manufacturer
Price (USD/kg)

#Table_name=mechanicData
#Table_format=KeyValue
#Version=1.9

#Iltem_number=3
+

#--—-Mechanic—---
Sheet_thickness_(=m)=+3.500000E-01
Stacking_factor=+%,500000E-01
Mass_density_(kg/md)=+7.€50000E+03
Young_modulus_(Pa)=+1,360000E+11
Poisson_ratic=+2.3$00000E-01

#Table_name=magneticData
#Table_format=KeyValue

#Vezrsion=1.0

#

#Item nusber=7

¥

4----Magnetic-=---

Type=Kon linear

4--=-Solid_material=--=
Saturation mag. polarization Js_(T)=+2.3
Initial_relative_permeability_pr=+%.7722
Enee_coefficient=+§.456542E-01
$----Llamination_stack----

Saturation mag._polarization Js_(T)=+2.1
Initial_relative_permeability pr=+%.2836
Faee_coefficient=+§.456542E-01

#Table_name=magneticShCurve
#Table_format=1D
#Version=1.0

#

#Item nusher=4
#Axis_number=1

+

#Axis_name l=Magnetic field
#

#Axis_unit_l=h/m

#

#Item name |
#Item_name_.

B(H) solid

(B} lamination
nitial pr

s asymptote

|

Export datasheet

Destination folder
Sl units
Merged results

USER_Lamination_001
bt
Di\Example

Se
[ Description
¥ Data

¥ Mechanic
™ pata

¥l Magnetic
™ Data

I Iron losses
M Data

¥ Thermic
™ Dpata

ction

BH curve

& curve

A dialog box for exporting material datasheet

A A | B C 1] | E | F | & H_ | I 1|
1

2 [Table_name ironLossesCurve

3 |Table_format 1D

4 |version 10

3 |

6 |Item_number 4

7 |Axis_number 1

8]

9 |Axis_name_1 Fluxdensity

20

11 |Axis_unit_ T

12

13 [ltem_name_1 Total at 50.0{Hz)

14 |Item_name_2 Hysteresis at 50.0 (Hz)

15 |item_name_3 Classical at 50.0 (Hz)

16 |item_name_4 Excess at 50.0 (Hz)

17|

18 |item_unit_1  Wfkg

19 |item_unit_2 Wk

20 |1tem_unit 3 w/kg

21 |item_unit 4 W/kg

22|

23

24

25 | Elements_Nb. 200 200 200 200 200
26| Awis_unit T wikg wikg Wikg wikg
27| Axis_name Flux density Total at 50.0 (Hz) Hysteresis at 50.0 (Hz) Classical at 50.0 (Hz) Excess at 50.0 (Hz)
28 Values o a L ] [

- 0,01507538 0,000747762 0,000706914 4,08486E-05 8,55450E-13
30 0,030153075 0002476139 0,002312744 0,000163395 2,41555€-12
B 0,04522613 0,004534042 0,004626405 0000367638 4,44506E-12
32 0,06030151 0,008219571 0,007566392 0,000653578 6,84362E-12
33| 007537688 0,01210238 0,01108166 0,001021216 9,56425E-12
Ll 0,09045226 001660633 0,01513578 0,001470551 1,25725E-11
El 0,1055276 0,02170239 0,0157008 0,002001583 1,58432€-11
36 0,120603 002736338 002473427 0,002614313 1,93567E-11
37 0,1356784 0,02358531 003027757 0,00330874 2,30972E-11
38 | 0.1507538 0,04033373 0,03625486 0,0040B84864

| Export_details |

ironLossesCurve | thermicData

Material datasheet can be provided either into *.txt or *.xls files
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2.5 A new application “Script Factory” in standard

mode

The application “Script Factory” has been entirely rebuilt. From now on, it will be available in standard
mode with a new user-friendly editor for driving the FluxMotor via python script files.

Note that this modification is due to an evolution of our software architecture to get even more

reliability, robustness, and performance.

O,

FILES LAUNCHER
=3 2> =
NEW DUPLICATE DELETE RUN

'SCRIPTS WORKSPACE

Script_Examplepy %
822.1.15

¥ Feaotorcamman
¥ HyperstugyCataiog
o 5
|-0F Logs
|- mrus
2 LF Preferences
7 SandBox

Seri e
g [F Templates
- [F UserCatslog
2L Usermaterial
& [ UserPart

- ZRPALr3v222. SkewTypeEnum. OUE )

cordinatesystemssePulr V222, PolarizationCoordinateSystentnim, GLOBAL, reglons"Hagnet ™, ¢

BEIHHBEH00A, 5T

Coilbnum, ELASSICAL)
- 5ePmlr V222 HindinEPhase0irect ionEnus, CLOCKWISE)

.0415600000000602, "R -0

SRR
.Liquid="REF iiater™, magnet="REF .5eCo_1040_15007, s0Lide"R
stor® eraseOld-False)
nnerDiaseter=a. 18, statorLengthsd. 65, statorfuterDlancter=d. 37
suPm1rIV222. Polarizationtrum, RADIAL_POSITIV)
BBLIG13460637241076, "0" -0, BOLIEL 460637241476, 51710, BOSIO6THOILBE0030, WS 1" 0. 00BB:

The Script Factory — A new workspace organization

1 Buttons for actions on files currently edited (Edit, Store, Undo, Redo)

2 Actions for operating on available files

3  Buttons to Run or Stop the execution of a python file

4  Access to the files to be edited (Scripts workspace). Python files are well identified and
visualized.

5 Editor area to display the selected python file

Proprietary Information of Altair Engineering
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LAUN(

n catalogV222.html
B imSqir3v222html
B imSqOr2v222.html
B libraryv222 html

B partvzez ntml

B smPml2v222 html
B mPm0r3v222.htmi

Ctri+S
Ciri+E

Ciri+T

»

About
Help
pen FluxMotors command help files

Exit

Ctrl+Q

-0 Logs

(=Rl

Command description

Export the pyFlux file associated with the cusrent motor

fend a macro

start a macro transaction
jundo the last command

O M B smRsmir3v222 html

- Preterences

# O SandBox Commands associated with the DSL smPmIr3V222

= Templates

- Command name

& UserCatalog

-0 Userntatenal exportPython

#-( userPart Ti

stariMacroTransaction
UndoMotor
changeCooling ExternalFluidic

[Change the cooling external fluidic type

changeCoolingExternalFluidicCoolingCircuitParameter

[Edit the cooling external fluidic cooling circuit paramerers

resetCoolingExternalFluidicParameter

[Reset the cooling extenral fluidic parameters.

shangeCoolingExternalFlnidicParameter

[Edit the cooling external fluidic parameters

changeCoolingE xternalRadiation

(Change the cooling external radiation type

resetCoolingExte meter

Reset the cooling extenral radiation parameters

changeCoolingE. IRadiationParameter

resetCooli nalXfactorParameter

[Edst the cooling external radiation parameters
Reset the cooling extenral X-factor

B shangeCoolingExternalXfactorParameter

[Edit the cooling external the x-factor parameters

changeCoolingExternalXfactorModelEvalParameter

[Edit the cooling external x-factor model evaluation parametess

change CoolingInternal Fluidic

Change the cooling internal fluicid type

Coolingl —

[Reset the cooling intenral fluidic parameters

ﬁ

The Script Factory — User help guide and glossary of commands for helping the users

1 Actions available in a drop-down menu

2 Help link to reach the user help guide dedicated to the Script Factory
3  Buttons to open the glossary of FluxMotor commands

3' Html files in which are displayed all the available commands for each FluxMotor application

Proprietary Information of Altair Engineering
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2.6 A new Export / Document / Script file

A new function is now implemented in Motor Factory / Export / Document area. Next to the Report,
the Script function gives the capability to export a script file in which all the needed command lines are
written to rebuild the considered motor.

The script is generated with all the needed sections and sub-sections in Motor Factory, dedicated to the
design, to the test, and the exports

SCRIPT
DESIGN DOCUMENT ADVANCED TOOLS
. | EXPORT PARAMETERS
D y 7 I ~ -
f'% TEST (€ " s ™G [scriptname script @
m REPORT HYPERSTUDY  FLUX2D  FLUXSKEW  FUB |pMotor name Mator
Catalog name User_SM_PM_IR_3Ph
SCRIPT VIEW - SCRIPT ?
Destination falder D:\Example
m EXPORT PARAMETERS |
Script name Script
P g ar e
Gatalog name User_SM_PM_IR_3Pn
Motor python script automatic generation Inputs |Destnation folder |D:\Example
* Script(e b
Automatic generation of the FluxMotor python script of the + Catalog

machine (Design, Tests, Exports) in the current state.
All the needed command defining the machine are written in it.
Direct link to open Script Factory. ,1'

[=][G]

4

. o
\ N EXPORT [oisin
J *System

The full script for building a project, just a click away

1 Button “Script” in the Export / Document area to build and export a script file dedicated to the
considered motor.

2 Export parameters allow defining the script name, the motor name, the motor catalog, and the
folder in which it must be stored.

3  Buttons to export the resulting python file and/or to directly open it in Script Factory

Concerning the process, either you get the script (python file) or you can get into “Script Factory”
directly and instantaneously to work on it.

Here an example is shown below for the provided python script in which are described all the sections
to define the design of the motor, the tests and the exports which can be performed.

J\ ALTAIR
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This is a very powerful way for keeping all the information for rebuilding motors, whatever will be the
used version of FluxMotor.

## Design ##
## Machine - Topology
smPmIr3v222. chang imensi i imensi r3v222. imensi . AIRGAP_LENGTH) k

60 ## Test ##
## Characterization - Open circuit - Motor and Generator - Cogging torque
2 smPmIr3v222.changeCharOpencircuitCoggingParameter (airgapteshDensityCoefficient=0.45, maximunHarmonicOrder=20, noComputati
smPmIr3v222.changeHous .3 sppmIr3v222.changeTemp ing(magnetTemp =293.15, targ: r3v222. TestTarg: . TEST, testType="CHAR_OPE
smPmIr3V222.changeHous ¢y g# Characterization - Onen rircuit - fiotor ond Generator - Raock emf
smPmIr3V222. changeHous ¢ 5 smpmIr3v222.change 3¢ #* Report &2
## Machine - Shaft <aPmIr3V222.change smPmIr3V222, changeReportContent(design=["topology”," frame”, "shaft”, "magnet”, "magnetSkew", "polarization”, "slot”, "slotSken” , "win
:. r #% Script ##
nPnlr3v222. changeshaf o7 e Characterizatia), sumIr-EC222 changeExportScriptParameter( catalogliame="User
smPRIr3v222. changeshaf «: smpmIr3v222. change B
140 ## Export Hyperstudy ##

smPm1r3V222. changeBear . supnIr3v222.changel .
ls# Rotor - Magnet - DH - 141 ## Characterization - Open circuit - Motor and Generator - Cogging torque

g O smPmIr3v222.change 1.s snpmIr3v222. changed pencircuitCoggi r(airgaph ityCoefficient=0.45, hyperstudylo={},maximumHarmonicOr
smPmIr3v222.changetagn ) smpmIr3v222. change 133 smPmIr3v222. changeTemperaturesetting(magnetTemp -293.15, target= r3V222 TestTargetEnm. HYPERSTUDY, testType="CHIA, OPEM
SmPmIr3V222. changeMagn > supmIr3v222.changell1s smPmIrava2a. ="HstConnector”, ="C:\\Users\\fmarion",saveIterations
## Rotor - Magnet - Sk 73 g4 Characterizatiolss # Characterization - Open circuit - Motor and Generator - Back emf
SmPmIr3v222.changeRote -, supmIr3v222. changeil¢ smPmIr3v222. changeCharOpencircui Hyperst r(airgapt ityCoefficient=1.5, hyperstudylo={}, maximumHarmonicOre
## fotor - Polarizatio 75 swpmTr3v222.changelld7 SMPRIr3V222. changeTemperatureSetting(magnetTenp; =293, 15, Carget=smPnIr3V222. TestTargetnun. HYPERSTUDY, CestType="CHAR_OPEI
smPmIr3v222.changePola - smpmr3v222, change 147 STPRIr3V222. ="HstConnectar”, C:\\Users\\fmarion”, savelterations+
mPmIr3V222. changePela -7 sumIPEVZZZ.change\L ## Characterization - Thermal - Moter and Generator - Steady State
% Stator - Slot - Des ) snPIr3V222. changeCharThermalSteadyStatetyperstudyParaneter (hyperstudyTo={}, magnetlosses=0.0, mechanicallosses=0.6, rotorIronLos

1€ smPmIr3v222. changeHous

IR_3Ph",destinationFolder="D:\\Exanple"”,motorName="rotor" ,scrif

## Characterizatio’”

SUPRIr3V22. ChangESIot 15 supmTr o222, change =L “W7HIr V222 CHANGETanper aTurese AN (ExtrELFLULITeRperatures203. 15, argatSamira222. TestTargeLEnum, AYPEASTUDY, et Types-cr
SMPIF3V222. changeS1ot ., smpmiravans. chang (52 SPRIFV222. ~"HstConnector”, desti 1der="C:\\Users\\frarion”, savelterationsd
sz Stator - Slot - Ska chaNge', 55 w4 Horking point - Sine mave - Hotor - Current-Control angle-Speed

L ## Characterizatio s, snpuTr3va22.changeStatsi ingPoint iHyperst r(additionallossPercent=0.0, airgaphe shDensityCoe i

smPmIr3v222. changestat
## Stator - Slot - Lom 53
smPmIr3v222. changelami
# Stator - Winding -
smPm1r3v222. changeind
mPMIr3V222. setAUtomat o7 copmTr3v222.

wPrr3V222. changenind - snpmIr3vz22.

smPwIr3v222.

SmPMIr3V222.change! s smpmIr3v222.changeMechanicallossSetting(exponent= o ,lossAtReferencespeed=@.8, referenceSpeed=104.71975511965977 , target =smPmlr3)
¢ smPWIr3V222.changeTemperatureSetting(target-snPmlr3v222. TestTargetEnum, HYPERSTUDY, testTyy _SINE_MOT_CURRENTPSISPEED", therm
snPIr3V222, changeTemperatureSetting(connectionSideEndiindingTemperature=293.15, magnet Temperature=293. 15, opposi teConnectionSids
¢ smPuIr3V222. changePowerElectronicsSetting(stage=snPmlr3V222 . SettingPowerELlectronicstodeEnun. NONE, target=snPulr3v222. TestTarget!
SMPIr3V222. updateHyperstudy ExportParameter (connectorliame="Hs tConnector” , destinationFolder="C: \\Users\\frarion”, saveIterations
0 ## Horking point - Sine wave - Motor - Torque-Speed

smPmIr3V222. changeSta ingPointTe additionallossPercent=8.8,airgaph ityCoefficien
smPmIr3V222. changeMechanicallossSetting(exponent=0.5, lossAtReferenceSpeed=6.6, referenceSpeed=104. 71975511965977 , target=snPmlr3
nPRIr3V222. changeTemperatureSetting(connectionsideEnduindingTemperature=293. 15, magne tTenperature=293. 15, opposi teConnect ionside
SMPMIr3V222. changs 8¢ r3V222 i NONE , target= r3V222. TestTarget
Connector”, destinationFolders"C:\\Users\\frarion” , savelterations

snPIr3V222, updateHyper studyExportParameter(connectorllame=
@ Horking point - Sine wave - Hotor - Current-Voltage

&7 nPalravaza gPointCurrent’ additionall =0.0,airgapHeshDensityCoeffic
& icall i a 29255720550 3

Example of python script in which are described all the sections to define
the design of the motor, the tests and the exports which can be performed

Functions are implemented for helping the management of python files like “Find and Replace”, Edit,
Copy, Paste, Delete,...

smPmIr3V222. newMotor(catalogame="User_SM_PM_IR_3Ph",machineType=smPmIr3V222.MachineTypeEnum.SM_PMM_INNERROT_3PH,motorName="Motor",erase0l
1 ## Design ##
## Machine - Topology
smPmIr3V222. changeInputDimensiontode (inputDi ionMode=smPmIr3V222. InputDi ionMode . ATRGAP_LENGTH)
14 smPmIr3V222.editMotor(noRotorPoles=8,noStatorSlots=43,rotorInnerDiameter=0.8445, roterLength=8.15,retorQuterDiameter=0.13, statorInnerDiamet
## Machine - Frame
smPmIr3V222.changeHousing(type=smPmIr3V222.HousingEnum.CIRCULAR)
smPmIr3v222.changeHousingParameter(parameters={"D1":0.05,"D2":0.05,"T":0.805,"T1":0.005,"T2":0.005})
& smPmIr3V222.changeHousingFin(type=smPmIr3v222.HousingFinsEnum. NONE)
o smPmIr3V222. changeHousingCoolingCircuit(type=smPmIraV222.HousingCooli
0 ## Machine - Shaft
smPmIr3v222. changeshaft(type=smPmIr3v222. shaftEnum. SULID)
smPmIr3V222. changeShaftParameter (parameters:
3 smPmIr3V222.changeBearing(type=smPmIr3vaa2. Eearngn Find and Replace
## Rotor - Magnet - Design
smPmIr3V222. changeMagnet (1ibraryhame: -
smPmIr3V222.changeMagnetParameter (parameters={ :e.| Expression |5mF’mII’3V222 |
## Rotor - Magnet - Skew
smPmIr3V222. changeRotorSkew( type=smPmIr3v222. SkewType
4 ## Rotor - Polarization
0 smPmIr3V2232.changePolarization(angle=1.57879632679439
1 smPmIr3V222.changePolarization(angle=1.57079632679439
## Stator - Slot - Design
5 smPmIr3v222.changeSlot(libraryName="0s_P11Tooth",par{
4 smPmIr3V222.changeSlotParameter(parameters={"H0":8.0@
5 Slot - Skew
.changeStatorSkew( type=smPmIr3v222. SkewTypeEnum. NONE )

Slot - Lamination
.changelamination(type=smPmIr3v222.LaminationEnum.NONE)
inding - Classical Winding
smPmIr3V222. changeWindingCoilType (coilType=smPmIr3V222.WindingCoilEnum. CLASSICAL)
smPmIr3V222.setAutomaticWinding(noParallelPaths=2,phaseSequence=smPmIr3V222.WindingPhaseDirectionEnum.CLOCKWISE)
smPmIr3V222. changeWindingConnection(windingConnection=smPmIr3v222.WindingPhaseConnecticEnum.WYE)
sSmPmIr3V222. changeWindingCoil(wireTopology=smPmIr3V222.WindingWireEnum. CIRCULAR)
smPmIr3V222.changeWindingCoil(interWireTel=1.8E-5,noTurnsPerCoil=6,noWiresInHand=20,wireDiameter=8.128E-4)
smPmIr3V222.changeWindingInsulationThickness(coil=8.8,conductor=0.2,impregnated=smPmIr3v222.YesNoEnum.NO, liner=2.0, phaseSeparator=2.2,wire
smPmIr3v222. changeEndiinding( tepelogy=smPmIr3v222. WindingEndEnum. U_SHAPE)

1

ircuitEnum. NONE)

0

00803, "V1":0.261799387

N

1 &

Replace

smPmIrav2z23

um. LOCAL , region:
um. LOCAL, regiol

"Magnet
lagnet

IReplace| |R‘eplaceA\|| ‘

b7,"W0":0.0028, "WT":0.08

e

Function “Find and Replace” is available
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2.7 Export to Flux 3D is available

The export of project from FluxMotor to Flux 3D is now available for both types of machines,
Synchronous Machines with Permanent Magnets - Inner rotor and Reluctance Synchronous Machines -

Inner rotor.

The aim of this export is to provide a python file which allows to get a full parametrized model ready to
be used in Altair® Flux® 3D environment or to directly get into Flux 3D for solving and postprocessing

the resulting 3D project.

- . DOCUMENT ADVANCED TOOLS
i L b, £
" : € s % >

TEST = 1E X: sk
REPORT SCRIPT HYPERSTUDY FLUX 2D FLUX SKEW F X 30
EXPORT

'WITHOUT SOLVING SCENARIO - CURRENT SOURCE - MOTOR AND GENERATOR - BASIC MODEL

Export a model for static magnetic application Setting
In Flux3D environment * Then
Without solving scenario

Current source - Motor - Basic model Inputs

+ Line/
+ Comu

FLUX 3D

Static

o @

Export Lengths

1. TEST SELECTION

2. TEST CONFIGURATION

3. EXPORT INFORMATION

INPUTS
File name Flux3DModel
Destination folder D:\Example
Full geometry No
Symmetry Yes

XPOrt process

1. TEST SELECTION
2. TEST CONFIGURATION
3. EXPORT INFORMATION

File name |FiuxaDMoge!
Destination folder  |DExample
Full geometry No
Symmetry es

Export project to Flux 3D environment - Export information
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[/ Note: In the current version one basic model (with a current source) can be provided for
static application, without solving scenario.

While exporting the project from FluxMotor to Flux 3D, after having defined the project
name and the folder in which it must be stored, the user has two possible choices to make:

e Export a full geometry or not. If the answer is “"No”, the resulting project in Flux 3D is
a reduced one in terms of periodicity based on the number of poles and the number of
slots.

e Consider half the topology along the axial direction or not. If the answer is “Yes”, only
half of the topology is represented.

[/ Note: This is possible only when all the dimensions are equal on both sides
of the machine (Connection Side and Opposite Connection Side), especially
regarding the end winding dimensions.

If the answer is "No” the whole machine is represented along the axial
direction. This allows to consider the differences there can be on both sides
of the machines especially regarding the end winding dimensions.

A dialog box is provided for defining the lengths of the stator, the rotor, and the magnets. These three
lengths can be different.

The illustration here below shows the resulting topology in Flux 3D environment where the three lengths
are different. This is automatically managed and built from the export area of FluxMotor.

FLUX 3D ?

®
Export Lengths

STATOR

Outer diameter (mm) 2
Inner diameter (mm) 180.0
Stator length (mm) 80.0
No_ slots 48

ROTCOR
Outer diameter (mm) 784
Inner diameter (mm) 90.0
Rotor length (mm) 100.0
No. poles 8
Magnet length (mm) 30.0

Export project to Flux 3D environment - Stator, rotor, and magnets with different lengths

J\ ALTAIR
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5/ Note: The export to Flux3D is also available for Reluctance Synchronous Machines.

Export a model for static magnetic application Settings
in Flux3D environment « Thermal

Without solving scenario
Current source - Motor - Basic model Inputs
» Line current - |
+ Control angle - ¥

1. TEST SELECTION

Select the test to be modeled
2. TEST CONFIGURATION

Define the default values of the test inputs
3. EXPORT INFORMATION

Finalize the export process

Export project to Flux 3D environment available for Reluctance Synchronous Machines
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@ Warning:

When a motor with a skewed topology is considered, on rotor side or stator side, the export
to Flux 3D is not possible. In that case, only the export to Flux Skew is accessible.

When the machine topology is not symmetric, especially, with the end winding lengths, the
whole the machine must be modelled in Flux 3D. The choice Symmetry “Yes” is not available

In that case, end-windings can be represented with different dimensions on the “Connection
Side” and the “Opposite Connection Side” like what is represented in the picture below.

Different end-winding dimensions in Flux 3D on both machine
sides: Connection Side and Opposite Connection Side

=/ Note: A warning message is provided in the “Design environment” each time an
asymmetric topology is defined. This is for warning the user, that the default value of the
export inputs dealing with the symmetry has been set to "No”. This also occurs when the
asymmetry is due to the end shafts, even if the end-shafts are not represented in the 3D
environment.

J\ ALTAIR
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2.8 A new Export / SYSTEM environment for
providing LUT

In the current version, and in near future, one big target is to develop and export more and more
machine models, like lookup table (LUT), from FluxMotor to Activate and PSIM.

A new area is now dedicated to export LUT using both FMU or MAT format files to be used in Activate,
PSIM or other system software.

- — DOCUMENT ADVANCED TOOLS SYSTEM
u) P L/ ) N ) = o
=] es € =5 % = = @

.
{20 {sk
REPORT SCRIPT HYPERSTUDY  FLUX2D  FLUXSKEW  FLUX3D
EXPORT
CHARACTERIZATION - MODEL - MOTOR - MAPS LuT ?

overvew | 1.TesT sELECTION

2, TEST CONFIGURATION

2D maps defined in the J4- ], area Settings Outputs ﬂ * %
* Thermal * Coupling fluxes- @, ®, i ~ i
Export machine maps, curves and constants like lookup table = Electronics - Dynamicinductances Tremal - Electonies - Wechanics
in FMU and MAT format files bR * Dynamiccrossinductances
Allow to evaluate the machine behavior with its drive and Inputs : Zlma:;rr\g:xqcs.:nces [ INPUTS
control system in Activate, PSIM... * Max. Imu;rrenp L « Joule &iron losses Max. Current gens., ms (AMm2) & (5.0
« Max. speed-N,,, + Mechanical losees |Maximum speed (rpm) + 1.000.0
- Toral losses L
* Magnetflux 3. EXPORT INFORMATION

+ Windingresistance
+ Endwindinginductance

n.en

N Y EEEEE
b o Selectthe test to be modeled
—_ AL 2
; %‘”“ 2. TEST CONFIGURATION
f Define the default values of the testinputs
v
- E 3. EXPORT INFORMATION
Py ) Finalize the export process

A new area is now dedicated to export LUT

In the EXPORT / ADVANCED TOOLS environment, "FORMAT/ FMU” has been removed and replaced by
the new one: “SYSTEM / LUT".

Like in the previous version, the users can export FMU format files dedicated for Activate® by selecting
the input "FMU - Activate” or compatible with other system simulation tools with the input "FMU -
Generic”.

J\ ALTAIR
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But now these can also export MAT format files dedicated to Activate as well as PSIM by selecting the

input "MAT - PSIM - Activate”

- — DOCUMENT ADVANCED TOOLS SYSTEM
=) et @ % & % = ©)
- REPORT SCRIPT HYPERSTUDY  FLUX2D FLUKSKEW  FLUX 3D Lut
CHARACTERIZATION - MODEL - MOTOR - MAPS l LUT ? ?
 overvew | | ecron |
1. TEST SELECTION NFIGURATION |
T INFORMATION
ZDmaps defined in the Ja-ly area *iheea | 2. TEST CONFIGURATION TS
Export machine r:apg :uxes and constants like lookup table : a::::: ;Ua;--psm.uwa
:‘Illel.'oa:vdam:tzt:?:;ch\:: behavior with its drive and Inputs 3. EXPORT INFORMATION folder D\Example
control system in Activate, PSIM... :::Is-;
INPUTS
Destination dir name  |LUT
p FMU - Activate [~ ]
Destination folder FMU - Activate
=5 o FMU - Generic
v T aull
g oS S
..... 000 S e e
Export formats which are available for exporting LUT
@ Warning: The new area dedicated to export LUT is not yet available for Reluctance

Synchronous Machines.
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The data which can be exported are mainly based on what is computed in the test Characterization /
Model / Maps.

In fact, the user inputs to describe the test configuration are the same than the ones which are in the
test Characterization / Model / Maps.

[/ Note: New outputs have been implemented in this test: The D-Axis and Q-Axis cross
dynamic inductances in Jd, Jq area. This output can be displayed in function of the magnet

DESIGN CHARACTERIZATION WORKING POINT PERFORMANCE MAPPING MECHANICS
: = [ISONSORCOEONST R 0 E
3 Y »r/ &
OPEN CIRCUTT JODEL  DATASHEET  THERMAL SINE WAVE SQUARE WAVE SINE WAVE NVH
EXPORT
SECTIONS CHARACTERIZATION - MODEL - MOTOR - MAPS MODEL ?
RS &8 D-axis cross dynamic inductance Ldg,dyn in Jd-Jq area
Inputs Settings 1283 u
o -]
G . B
z
winaing & Magnets o o i * %
laws g Thermal  Electronics  Mechanics
fap |
- 1663 S
R = i wli o
g cres B 8 Max. CUTEnt dEns.. s (AMM2) e 6.0
2 [
o4 o1 EM 5 Wadmum speed (rpm; T 12 000.0
m E siwea = §
3 g
P e i o b
& £
" |
E]. ' 2aese i
L c Lad dynami s
- e, 5
ST .
il
L4 stati Lq static - = R [=]
SR
Emag. torque Iron losses - 50 E]) N ) t 30 20 B o
B @ D-axis phase current Jd, rms (A)
Joule losses

D-Axis and Q-Axis cross dynamic inductances are computed
and displayed in the test Characterization / Model / Maps

=] Note: D-Axis and Q-Axis cross dynamic inductances are computed and displayed for
Reluctance Synchronous Machines as well.
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2.9 Further new functions

2.9.1 Special script function for filling the slots

1. From the drop-down menu available from the left top part of Motor Factory, it is possible to open a
“Debug” dialog box, in which script commands can be written and executed.

A new command dedicated to the slot filling has been implemented. It allows to define and apply a
geometric slot filling (height filling factor).

Here is the definition of the geometric fill factor = Height filling factor

Height filing factor = 1=

_ Slot - Filled leve!
H3 - Slot- Available height! H2 - Slo!

| 111 - Slot - Total active height (HS-HO)

Definition of the geometric fill factor = Height filling factor

The script command is:

setDiameterBasedOnGeometricalFillFactor(geoFF=0.65,noTurnsPerCoil=12,noWiresInHand=4)

In this example, the goal is to find the wire diameter, which allows to define a geometric fill factor equal
to 0.65 by considering a coil built with 12 turns and 4 wires in hand (in parallel).

Configuration——

= E

Inputs Setti

560.1RS4OMBINI 11792550 B

Debug dialog box to execute script commands
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[ oren e
| REEEE U &6 ®

Result one gets while applying the command below:
setDiameterBasedOnGeometricalFillFactor(geoFF=0.65,noTurnsPerCoil=12,noWiresInHand=4

[/ Note: This script command can run for tooth winding slot a well. In that case the definition
of the geometric fill factor = Height filling factor, can be illustrated as below:

Slot Available height

H2 SJo’t FIIIed Ie

wwwwww

No. turns per coil
No. wires in hand
Wire diameter (mm)
Inter-wire space (mm) 0.005
Twist No

Result one gets while applying the command below:
setDiameterBasedOnGeometricalFillFactor(geoFF=0.55,noTurnsPerCoil=12,noWiresInHand=4)
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iImprovements

This chapter covers the following:

e 3.1 All machines (p. 29)
e 3.2 Synchronous machines - Motor Factory - Test environment (p. 30)
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3.1 All machines

1. Tests with the solid conductors in slots - Current in parallel paths is wrong

While computing a working point with elementary wires modeled with solid conductors, the computed
electrical current in the branches in parallel is wrong, if the following conditions are met (ref.:
FXM-14728):

e There are parallel paths

e The “Accurate mode” of computation is selected

e The “AC losses analysis” in “"One” or “All phases” are selected

¢ The resulting finite element model doesn’t represent the full geometry

This issue has been corrected.

2. Inner slots with 2 layers winding and a liner can be infeasible

Sometimes, while adding a liner in an inner slot inside of which there are 2 layers can fail (ref.:
FXM-14100).

This issue has been corrected.

3. Issue with report generation
Sometimes, the report generation freezes

This is mainly due to the management of memory. An increase in the allocated memory for Motor
Factory can solve the problem (ref.: FXM-13585).

This issue has been corrected.

4. Save motor doesn’t work
Sometimes, saving a motor doesn’t work.

This is mainly due to the management of memory. Increasing the allocated memory for Motor Factory
can solve the problem (ref.: FXM-13584).

This issue has been corrected.

5. Building and export of a report failed

While adding multiple new tests, and simultaneously executing the previously saved tests (12) along
with assigning material in the report and saved test (12), the building and the export of the resulting
report can fail (ref.: FXM-11574) + (ref.: FXM-14117).

These issues have been corrected.
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3.2 Synchronous machines — Motor Factory — Test
environment

1. Duty cycle with many working points fails

Running a computation of a duty cycle with many working points via scripting crashes (ref.:
FXM-14435).

This issue has been corrected.

2. FMU LUT data Export: Flux_D and Flux_Q are incorrect

The flux linkage related to the end winding inductances on FMU side is not considered, as it is done on
the test map side (ref.: FXM-14041).

This issue has been corrected.
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List of warnings

This chapter covers the following:

e 4.1 All machines (p. 32)

e 4.2 Synchronous machines - Motor Factory - Test environment (p. 35)
e 4.3 Induction machines - Motor Factory - Design environment (p. 37)
e 4.4 Induction machines - Motor Factory - Test environment (p. 38)
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4.1 All machines

1. Natural convection for end winding

While choosing a model, where the end spaces are cooled with natural convection, FluxMotor®

model uses a quite low rotor tip speed ratio (a value of 5) to describe the fluid velocity far from the
rotating components. This may lead to overestimation of the cooling of the end winding on high-speed
machines.

When a tip speed ratio of 5 seems to overestimate the end winding cooling, it is advised to switch to
forced convection mode. This mode allows forcing some higher tip speed ratios for areas far from the
rotor, but reduces the efficiency of the cooling on the end winding.

This model will be improved for future versions.

2. Transient thermal computations - Displaying of iso-temperatures

In the test "Performance mapping — Sine wave - Motor - Efficiency map", when a cycle is considered
with a transient thermal solving, the representation of the temperature isovalues inside the machine
can be visualized all along the cycle with an animation.

The animation can run for the axial and radial views. However, both the animations are not well
synchronized. Therefore, there can be troubles while using both at the same time.

3. Modification of units

To take the change of units into account in a test, the user must reopen Motor Factory. The modification
is not considered instantaneously in the applications of Altair FluxMotor® like Motor Factory.

4. Preferences — Beta level mode

In the tab “Advanced Preferences”, Altair® FluxMotor® “User Level” can be: Standard or Beta. By
default, the user level is Standard. In Beta Level, the entire qualified features are not available for
evaluation.

The FluxMotor® Beta level mode allows performing NVH computations for induction machines - Inner
rotor, and gives access to the application “Scripting Factory”.

5. Export a model into Flux® environment with represented elementary wires
1. Building time of the model in Flux®
When slots are filled out with a lot of elementary wires, and all the phases need to be represented

with solid conductors inside Flux® 2D model, the resulting python file can be very long. Therefore,
the process for building the corresponding model into Flux® environment can take a long time.

2. Export into Flux® Skew

Export a model with represented elementary wires into Flux® Skew environment is not yet
possible.

6. Browse function

Sometimes, opening a folder from FluxMotor® applications via browser function requires a longer time
(several seconds).
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7. Export environment — HyperStudy®
1. New solver script to be registered

Before starting new studies in Altair® HyperStudy® by using connectors exported from Altair®
FluxMotor®, FluxMotor® must be registered as a new solver script in HyperStudy®. This must be
defined only while using the coupling for the first time

7 Register Sobver Seript - Alair HyperStudy™ (33.2033991) , o ox
caister Solver Seript - Allair Fypersiudy 12 ! 7Z Untitled - Altair HyperStudy™ 2020 (71.1868057)
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P : I |
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15 FluxMoter fluxmotor x d C:fProgram Files/Altair/2022.2/flux/FluxMotor/Scripts/wi

o
C:/Program Files/Altair/2022.2/flux/FluxMotor/Scripts/win/FluxMotors.exe

Connection between Altair® FluxMotor® and Altair® HyperStudy®

1 Open the area in HyperStudy® to register FluxMotor® 2022.2 script

2 path where FluxMotors.exe must be selected to be registered as a new solver in
HyperStudy®.

[/ Note: FluxMotors.exe with an “s” at the end of FluxMotors.

This must be defined only when using the coupling for the first time.

Note: Note: With the version 2022.1 of HyperStudy, the FluxMotor solver script is
automatically registered when the default path installation is selected while installing

Flux and FluxMotor.

|;= |

2. New test and connectors for HyperStudy®

Connectors for coupling FluxMotor® and HyperStudy® are not yet available for the new
implemented tests, like those with transient thermal computations.
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8. Problems with slot filling
1. The slot filling is not yet possible with a non-symmetric parallel slot.

When a toothed winding design is considered with rectangular shape wires the conductor grouping
method "horizontal" doesn’t work properly leading to wrong visualization of conductors. In that
case, it is recommended to select the conductor grouping method "vertical".

All works well with circular shape wires

Example with a toothed winding design (i.e. the coil pitch = 1) and with 2 wires in hand.

Horizontal filling — wrong visualization, Vertical filling — good visualization
but the total number of wires is right
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4.2 Synchronous machines — Motor Factory — Test
environment

1. Working point - Square wave - Forced I — and delta connection

When running the test “"Working point - Square wave - Motor - Forced I” with a delta winding
connection, two electrical periods are considered for reaching a steady state behavior of the motor.
However, sometimes two periods are not enough to get a good convergence of the process, and
therefore, the displayed results may not correctly represent the steady state.

Motors built and tested with previous versions can be loaded with the current version. The existing
"current tests" are removed and transformed as "saved tests" with reference to the original version (All
the previous versions).

Sometimes results of the current tests are removed. The test must be executed again to get the
corresponding results.

2. Delta winding connection

When a delta winding connection is considered, the computation doesn’t consider circulating
currents. This can lead to a different result than what expected in transient computation for the test
"Characterization - Open-circuit - back-emf".

In such case, it is recommended to perform a transient computation in Altair® Flux® environment.
The application “Export to Flux®” thereby allows exporting this kind of model with the corresponding
scenario ready to be solved.

3. Evaluation of the maximum achievable speed

The aim of this result is to give a rough estimation of the maximum reachable speed, which can be
achieved by the machine. This computation is performed by considering a MTPV command mode.
However, when the resulting control angle is low (no saliency in the airgap of the machine), the
evaluation of the maximum achievable speed may be far away from the maximum speed given by the
“Performance mapping - Sine wave - Motor - Efficiency map” test.

4. NVH computations - Advice for use
The modal analysis and the radiation efficiency are based on analytical computation, where the stator of
the machine is considered as a vibrating cylinder.

The considered cylinder behavior is weighted by the additional masses like the fins or the winding and
the subtractive masses like the slots and the cooling circuit holes.

This assumption allows getting faster evaluation of the behavior of machine in connection to NVH. But,
in no way this can replace a mechanical finite element modeling and simulation.

Possible reasons for deviations of results can be the following ones:
¢ The limits of the analytical model are reached or overpassed

e Unusual topology and/or dimensions of the teeth/slots

e Complexity of the stator-frame structure, when it is composed with several components for
instance
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e The ratio between the total length of the frame Lframe and the stack length of the machine Lstk. In
any case, this ratio must be lower than 1.5:

LFrame

<15

Lstk
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4.3 Induction machines - Motor Factory — Design
environment

1. Computation of inter bar impedance

For induction machines, inter bar impedance (resistance and inductance) is computed by considering
characteristics defined in Motor Factory.

However, while exporting the model into Flux® 2D or into Flux® Skew, inter bar impedance will remain
constant, even if a parametric study is performed in Flux® environment. The topology parameter as well
as the temperature variations won't impact the inter bar impedance.

Moreover, when the ‘inter bar’ computation is done with the user mode, the reference temperatures are
not updated while exporting the project in Flux® 2D /Flux® Skew environment.
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4.4 Induction machines — Motor Factory - Test
environment

1. Computation of tests for induction machines with skewing

When the squirrel cage or the slots are skewed for induction machines, the tests are computed with
Altair® Flux® Skew at the back end of the FluxMotor®.

This leads to increase the computation time.

For the test “Performance Mapping — Sine wave - Motor — T(Slip)” and the test “Characterization -
Model - Motor - Linear”, the computation time can be greater than 45 minutes depending on the
concerned machine, and is generally lower than 5 minutes when it is without skewing of squirrel cage or
slot.

The computation time for computing a working point is generally close to 8 minutes with the skewing of
squirrel cage or slots and lower than 1 minute when it is without skewing.

The required allocated memory is higher when Flux® Skew computations are performed at the back-end
of the FluxMotor®.

By default, the maximum allocated memory for Flux® Skew software is equal to 8192 MB when the
maximum allocated memory for Flux® 2D software is equal to 4096 MB.

In case, the user needs more memory, these values can be increased (user’s preferences - Advanced
tab)

Perhaps, it is required to allocate the memory from 10.24 GB to 15.36 GB to run tests without failure.

2. Computation of power density for induction machines
There was an issue in the process for computing or displaying the power density for induction machines.

The result was given in W/m3 while it is in W/kg for other machines SMPM, RSM.
This issue has been corrected.

However, it won't be possible to use a connector for HyperStudy®, generated with an older version, for
driving the FluxMotor® 2022.2.
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List of the main issues

This chapter covers the following:

e 5.1 All machines (p. 40)

e 5.2 Synchronous machines - Motor Factory - Test environment (p. 43)

e 5.3 Synchronous machines - Motor Factory - Export environment (p. 44)
e 5.4 Induction machines - Motor Factory - Test environment (p. 45)

e 5.5 Induction machines - Motor Factory — Export environment (p. 46)

e 5.6 Part Factory (p. 47)

e 5.7 Script Factory (p. 48)

e 5.8 Supervisor - Preferences (p. 49)
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5.1 All machines

1. Export script doesn’t work for machines with outer rotor
(ref.: FXM-15161).

2. Running tests fails with GUI is in Japanese
(ref.: FXM-15099).

3. Stator Joule losses are not displayed

In the tests dedicated to the computation of a working point (for synchronous machines or induction
machines), if the mode of computation is fast the stator Joule losses are computed, but not displayed
in the table of results. However, these can be deduced from the power balance information (ref.:
FXM-15142).

4. Computation of forces on teeth is no more available

The computation of forces on teeth is no more available, since the workflow to compute forces on the
teeth in NVH must be updated (ref.: FXM-15086).

5. Bad meshing while representing wires inside the slots

When exporting a project from FluxMotor to Flux 2D, the mesh in the slot can be sometime very bad in
the region surrounding the represented wires inside the coil conductors (ref.: FXM-15151).

6. Issue with exported Flux Skew projects

After having exported a Flux Skew project, if you solve the project and delete the results and then solve
again, the running of the project fails (ref.: FXM-15075).

7. Unable to export machine with squared lamination

Exporting a machine with squared lamination for specific winding architecture. Indeed, the parallel path
manager cannot manage odd number of half coils in incomplete parallel path and flux cannot either
(ref.: FXM-14956).

8. The slot filling with wires inside fails for inner slot
Sometimes, the slot filling with wires (solid conductors) fails for the inner slots (ref.: FXM-15150).

9. Twist of conductors cannot be considered with antiperiodic conditions

When the twist of conductors is selected in the winding area, if the motor presents an anticyclic
periodicity, the twist of conductors won't be considered in the flux project (ref.: FXM-14935).

10. Removing of the housing is not well managed

Removing of the housing is not well managed with hairpin winding and potting are selected all together
(ref.: FXM-14731).
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11. Null values are not well managed while designing the Frame and shaft

Null values are allowed for designing the housing, bearing or shaft dimensions, but this leads to a
wrong thermal analysis. It is highly recommended not to use null values for the considered inputs (ref.:
FXM-14705).

12. Error while opening a motor (2020.1) with null shaft extension

Opening a motor built with the version 2020.1 (or older) with a null shaft extension leads to an error.
With new versions, a null shaft extension is forbidden (ref.: FXM-14684).

13. The interwire space is not well defined

The resulting value of the interwire space applied in the finite element model is twice the value set in
the user inputs (ref.: FXM-14672).

14. Transient thermal computation

Sometimes, there is an issue with nonlinear thermal resolution. The convergence criteria don't reach
from a certain time iteration leading to non-physical results then making the physical properties
interpolations impossible. This can occur for duty cycle inside of which there are a huge number of
working points for instance (ref.: FXM-14570).

15. Air material properties are wrong for high temperature

This issue impacts our internal computation processes during transient thermal solving. Indeed, some
iterations involve very high temperature (more than 3000 °K) according to Newton Raphson non-linear
solving method. During the resolution, this can lead to negative conductivity and viscosity which may
make the computation fail (ref.: FXM-14465).

=l Note: in case of problem, an “Air material” with the right parameters can be provided.

=

16. Internal optimization processes can crash
Sometimes, when FluxMotor® launches an optimization in the back end with HyperStudy®, with an error
in the internal process (evaluation of the objective functions), this makes FluxMotor® crash.

Moreover, without any log file to explain the issue one cannot understand the cause of system crash
(ref.: FXM-13949).

17. When an I0 cannot be loaded, the test results are not accessible

When an IO cannot be loaded, the whole process that loads all the test results is stopped. As a result,
no test is visible although the issue may concern one result in a particular test (ref.: FXM-13941).

18. A wedge and/or inter-coil insulation region leads to a wrong slot equivalent
thermal conductivity

The slot radial thermal conductivity, which is automatically provided by the FluxMotor® in "Cooling-
Internal" context, and used in all thermal tests is wrong if the slot contains faces "wedge" or "inter-coil
insulator" (ref.: FXM-13896).
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19. Power electronics and coupling with HyperStudy®

For tests where settings "Electronics" is available, data like power electronics stage, maximum efficiency
and its rated power can be selected for generating a connector for HyperStudy®, but it should not be
(ref.: FXM-13726).

20. Management of multi-parametric settings with HyperStudy® coupling
Some configurations of parameterized topologies can be obtained manually in Motor Factory, but cannot
be created from HyperStudy® for some connectors.

One must be able to manage the case of sequential input update in HyperStudy® connector, especially
for topology definitions (ref.: FXM-13612).

21. Script Factory freezes temporarily when running a script

When running a script, script factory gives the impression of freezing (while still running in the
background). The editing window of the script becomes unresponsive until the script is done executing
(ref.: FXM-13138).

22. Winding environment - MMF computation

The Counter-Clockwise sequence (MMF computation) is not considered in the Altair® Flux® model which
one can export. Only the clockwise phase sequence is considered (ref.: FXM-10280).Using "phase
sequence" set to "Counterclockwise" leads to wrong results in tests (ref.: FXM-13358).

23. Flux density isovalues

When a skewed topology is considered (Synchronous machines or induction machines), the flux density
isovalues, the vector potential isolines and the rotor bars current density isovalues are not displayed
(ref.: FXM-12564).

The preferences that require a reboot are not updated after the reboot.
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5.2 Synchronous machines — Motor Factory - Test
environment

1. Working point - Square wave - Forced I - Average computation of quantities

The computation of average quantities like the iron losses, the Joule losses in magnets, torque is not
done over a full electrical period. That can lead to wrong results (ref.: FXM-14091).

2. Wrong data in HyperStudy® export area

In the Export-HyperStudy® area, when the selected test is “Working Point, T-N”, the settings of
"Electronics" - "Max efficiency", and "Rated Power" - are exported even if the associated option is not
selected (ref.: FXM-13726).

3. Maximum speed computation

The estimation of the maximum speed is wrong for the tests "Working point - Sine wave - Motor -
U-I" and “Working point - Sine wave — Motor - T-N”, when the control mode MTPA is selected (ref.:
FXM-10916). The computation is always performed by considering a MTPV command mode.
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5.3 Synchronous machines — Motor Factory -
Export environment

1. The export of LUT doesn't consider skewed topologies (magnet or slot)

In such case, a Flux 2D computation is performed instead of a Flux Skew meaning the impact of the
skewing is not considered in the computation results (ref.: FXM-15301).
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5.4 Induction machines — Motor Factory — Test
environment

1. SSRF test doesn't update inputs values while using the working point option

This means that after the first test based on a working point, the following tests give the same results
whatever is the targeted working point (ref.: FXM-15262).

2. Defining the end ring reference temperature fails (Manual mode)

The reference temperature which is set to define the end ring - Impedance in manual modes is not
considered for the tests solving (ref.: FXM-15147)

3. Power balance of No-load working point

Sometimes, computation of No-load working point (slip=0.1%) leads to a NaN (Not a Number) result.
The computed amount of iron losses is not consistent with the power balance (ref.: FXM-12600).

4. Torque slip curve

Test results are not continuously consistent over a torque slip curve. This occurs with the test
Performance mapping T(Slip) - induction machines with skewed squirrel cage. When the user targets
a working point as an added value to be computed with the whole Torque-slip curve, sometimes this
additional working point doesn't belong to the curve (ref.: FXM-12599).
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5.5 Induction machines — Motor Factory — Export
environment

1. Defining the end ring reference temperature fails (Manual mode)

The reference temperature which is set to define the end ring impedance in manual modes is not
considered while exporting a project to Flux 2D or Flux Skew (ref.: FXM-15145).

2. End-ring impedance - Reference temperature is not well applied

While exporting a model from FluxMotor® to Flux® 2D or Flux® Skew environment, if the end-ring
impedance has been defined with the “constant computation mode” (= user mode) instead of the
automatic one, the reference temperatures set by the user are not used in the resulting Flux® project.
Instead, the default values are automatically considered (ref.: FXM-13713).
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5.6 Part Factory

1. Wrong management of part borders

An inner part with air region on the bottom border is not allowed (ref.: FXM-13445)
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5.7 Script Factory

1. Script Factory does not stop correctly
Script Factory does not stop correctly, if FluxMotors has been killed (ref.: FXM-15140).

2. The find/replace dialog box has an issue

In Script Factory, the find/replace dialog box must be closed when the end of the file is reached. When
the search reaches the end of the file, the only way to restart from the beginning is to close the dialog
window, reopen and enter once again the data (ref.: FXM-15138).

3. Sometimes the store button status is bad
The store button is not enabled when a file is opened without modification (ref.: FXM-15136).

4. Script Factory freezes temporarily when running a script

When running a script, script factory gives the impression of freezing (while still running in the
background). The editing window of the script becomes unresponsive, until the script is done executing
(ref.: FXM-13138).
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5.8 Supervisor - Preferences

1. Preferences and reboot
The preferences that require a reboot are not updated after the reboot (ref.: FXM-13121).

2. Reboot after changing language fails

While changing the language in Chinese, then in Japanese the automatic reboot of FluxMotor fails (ref.:
FXM-15088).
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