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1 MOTOR FACTORY - EXPORT AREA — HOME PAGE VIEW

The area “EXPORT” of Motor Factory groups two main families of functions:

1.1 “DOCUMENT”

In “DOCUMENT?”, the function “REPORT” allows building reports automatically to describe all the work achieved for the design and the
tests.

Then, the function “SCRIPT” allows to build and export a python script of a current motor in the application Script Factory or in a targeted
folder.

1.2  “ADVANCED TOOLS ¢

In “ADVANCED TOOLS?”, the function “HYPERSTUDY” allows to build and export a connector in Altair® HyperStudy® for performing
studies like optimization or Design of Experiment (DOE).

In “ADVANCED TOOLS”, the function “FLUX 2D” allows to build and export a model in Altair® Flux® 2D environment for performing
advanced studies either with magneto harmonic or transient applications.

On the other hand, the function “FLUX SKEW" allows to build and export a model in Altair® Flux® SKEW environment for performing
advanced studies either with magneto harmonic or transient applications.

e

HYPERSTUDY  FLUxZD Fl

Motor Factory - EXPORT area

Selection of the EXPORT area of Motor Factory.

Access to the area “REPORT” in which a report can be made

Access the area “SCRIPT” for generating a python file in which all the needed command lines are written to rebuild the motor
Access the area “HYPERSTUDY “in which a connector can be made and sent to Altair® HyperStudy®

Access to the area “FLUX 2D" in which a model can be made and be sent to Flux® 2D

Access to the area “FLUX SKEW” in which a model can be made and be sent to Flux® SKEW

OB |WIN|—=
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2 MAKE A REPORT
2.1 Overview

The aim of this export is to build and quickly export a report showing all the work achieved to design and test the machine.
As a result, the report can be exported in a pdf or html file format. It can also be attached to the motor in the "Motor Catalog" or simply
displayed in the report area.

2.2  Area to build the report

- e DOCUMENT ADVANGED TOOLS
. i / ) )
= w0 @ = & ©)
SCRPT || WYPERSTUDY FLUKID  FLUXSHEW
EXPORT
REPORT VIEW.

1 Design

1.1 Machine - Topology [

L11 Views

1011 Radiad v

LLLZ Axial view

Motor Factory — EXPORT AREA — Export a report

Selection of the EXPORT area of Motor Factory.

Access to the area in which a report can be made

Zone to visualize the report (= preview)

Steps to build the report which user needs

Buttons to validate inputs, display a preview and export a report

AW (N|=
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2.3  Steps to build and export a report
Five steps are needed to build and export a report: In EXPORT / DOCUMENT / REPORT area:
1) Select the sections to add the parameters dealing with the design.
2) Select the sections to add the parameters dealing with the tests.
3) Select the sections to add the parameters dealing with the materials.
4) Select the “saved test results” that are to be added as archive in the report.
5) Define the export information.
2.4  Section selection
2.4.1 List of sections available to build the report
®
REPORT 2  REPORT 2  REPORT
1. DESIGN 1. DESIGN
=M
.[ZA“Machine 2. TEST @
[ Topology There are no items to displa
=™ Rotor e— e i
=8 Bar 3. MATERIAL a0 Al
Design = [0 Lamination
& sn;ae:i;i 4. ARCHIVE [ Rer.M330.354  REPORT ?
@ Impedance = [0 Electrical conduc
-t s e 5. EXPORT INFORMATION riecrica concc[4. pesiGN
= stator =0 Electrical insulatc| 2. TEST
) E]SI?)'esign [J REF.Nomex_13(
Winding 20 Fluid 3. MATERIAL
ZET 4. ARCHIVE There are no items to display
3. MATERIAL [T D
5. EXPORT INFORMA | 5. EXPORT INFORMATION
4. ARCHIVE
5. EXPORT INFORMATION

Motor Factory - EXPORT AREA — Export a report — Chapters to be selected

1 Chapter which describes the DESIGN. Machine, Rotor and Stator characteristics.

Chapter which describes the TEST results. (At the moment no test is available)
All the test results are available as soon as the corresponding computations are performed.

List of materials used to build the machine can be added to the report with all their physical properties.

Archive chapter groups all the tests which have been saved during the process. These can be added to the report. (At

4 the moment no test is available)

Note: A maximum of five results per test can be added to the report.
5 Button to apply the selection of the user input selections (selection of chapters)
6 Button to restore default values.

Proprietary Information of Altair Engineering
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2.4.2 Selection of sections

\

- o -
= P 7 ~ )
1 — E € % % @
-m AEFORT SCRIPT HYPERSTUDY FLUX20 FLUX SKEW

REPORT VIEW. REPORT 2
1.2 Rotor - Bar - Design'
12,4 Views S8 a
ST Rarview: E# Machine
B Topology
2§ Rotr
& Design
2@ Endiing
@ Desgn
& mpecance
=# Stator
=@ Sot
& Design
® Ciassical winding
=& Materials
Fig. 4 B i B Matenals
2.TesT
123 ata
3. MATERIAL
1.22.1 Parameters 5
g 4. ARCHIVE
™ e e Ve N Ve ——
e 5. EXPORT INF W
5 mm e ot = o iy v
e &
s
o1 (et T S o i ey
o mm 2o a2 ) s vty e =
e e et m [= P
1.2.2.2 General dato
[ —— I = T ome I ™y 1 = I Ve ]
ey T [ I T T 1

Motor Factory - EXPORT AREA — Export a report — Chapters to be selected

—_

Section names are shortcuts for displaying the corresponding section of the report
2 Check the section to add chapters to the report
3 Button “Preview” considers the selected chapters and displays the report

J\ ALTAIR
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2.5  Export information

Motor Factory - EXPORT AREA — Export a report — Export information

Select the area to define export parameters

A file name must be written (Default name = “Report”)

The file format must be chosen (pdf or html) to build the report

A folder must be selected via the browser for storing the report

It is possible to attach the report (HTML or PDF file) to the motor in the “Motor Catalog”
Button to export the report by considering all the previous defined parameters

REPORT i
1. DESIGN
2. TEST
3. MATERIAL
4. ARCHIVE
5. EXPORT INFORMATION
EXPORT PARAMETERS /<@
Report name Report o
Export format PDF . @
Destination folder C:\Users\username -
Attached to the motor [No . \®

OB (WIN|—
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3 EXPORT A SCRIPT
3.1 Overview

Next to the function “Report”, the function “Script” gives the capability to build and export a python 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 the
Motor Factory, dedicated to the design, the test, and the exports.

Then Script Factory can be used to automate some study such like running serial tests or serial design configurations.

3.2  Area to build the script export

SCRIPT )
DESIGN DOCUMENT ADVANCED TOOLS -
— - . EXPORT PARAMETERS
: e Tl 7 s % ®
’% — el 0 AP Script name Seript
REPORT EIF HYPERSTUDY  FLUKZD  FLUXSKEW
Mator name Mator
SR Catalog name User_SM_PM_IR_3Ph SCRIPT ?
m Destination folder D:\Example TN
Script name sciipt
\/ O wator name motor
Catang name User_SM_PM_R_3Fn
Motor python script automatic generation Inpu Destination folder D\Example
* Sar
Automatic generation of the FluxMotor python script of the « Cal vz 3
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. IE E

* Machine
*Rator
*Stator
*Cooling
* Materials

* Characterization

=t «Working
« Performance mapping

* Mechanics
= » Document
> 1 IO UM « Adsvancedtools
«System

Motor Factory — EXPORT AREA — Export a python script

1 In Motor Factory select EXPORT / SCRIPT environment.

The EXPORT / SCRIPT environment user input allows to define the name and the location of the new script file + the
name of the motor to be rebuilt from the new python script file, with the catalog name in which it will be stored.

Note: Without defining other names for the motor and/or the catalog, the original motor would be overwritten while
running the new python script file.

3 Button to build and to export the resulting python file.

4 Button to build and open it directly in the “Script Factory”

J\ ALTAIR

Proprietary Information of Altair Engineering



Altair® FluxMotor® 2025

4
4.1

BUILD AND EXPORT A CONNECTOR FOR ALTAIR® HYPERSTUDY®

Overview

The aim of this export is to build a connector, allowing Altair® HyperStudy® to drive Altair® FluxMotor® for performing motor optimizations
based on computation processes embedded into FluxMotor®.
This can be done on an eligible test list by using input/output parameters defined in FluxMotor®.
Then, after having performed studies with HyperStudy® (Optimization or Design of Experiment - DOE- for instance), the results can be

visualized by selecting the resulting machine in the “Motor Catalog”.

4.2

Area to build a connector.

®

' DOCUMENT ADVANCED TODLS
= P 7 ) 55 ) S S
T = = %
REPORT  ScEPT FPERSTUDY  FLUNZD FLUXSKEW  FLUX3
SECTIONS WORKING POINT - SINE WAVE - MOTOR - VOLTAGE-FREQUENCY-SPEED
~Dasign- Ml overview Parameters
@ gy s .
Tapology Identifying a working point defined by
D D' supply voltage U, power supply frequency f and
spe
" Bar with HyperStudy
O ‘r QOverview of the resulting electromagnetic behavior
of the motor
Ring st
f
® &
N
wanding Masses —
A g
toments of inertia Costs x
~Configuralion— 2 /\#
Inpts Ssttngs 97——/‘/ \ -
. s A\ Nama P —
522 \ ;
Winding & Cage \ /
Main results Negnen L //
wiariang paint wer

settings

+ Thermal

+ Electronics

+ Mechanics

Inputs

+ Line-Linevoltage- U

+ Power supply frequency- f
+ Speed-N

outputs

* Generaldata

« Machine constants

* Power balance

* Fluxin airgap

* Fluxdensityiniren

+ Fluxdensityisovalues

« AClosses

= Iron losses (stator, rotor)

1, TESTSELECTION

Selectthe testto be performed
2.TEST CONFIGURATION

Define the delaultvaluesof the testinputs
3. PARAMETERS FOR HYPERSTUDY

Choose the parameters to be considered

4 EXPORT INFORMATION

Finalize the export process

Steady st
) v P

2. TEST CONFIGURATION
3. PARAMETERS FOR HYPERSTUDY
4. EXPORT INFORMATION

Esrar in seclion [3, Parsmeters fo< ypersiicy]
M leand gne inpul parameter (in biue) must be:
seletted o export & connetor

(v][O]

®

(%] [2]

Motor Factory — EXPORT AREA — Export connector for HyperStudy®

Selection of the EXPORT area of Motor Factory.

Access the area in which a connector for HyperStudy® can be made

Zone to visualize either the overview of the selected test or the corresponding user input/output parameters

4 steps to build the connector to be exported for HyperStudy®

AP |W(N|=

Buttons to validate inputs, display a preview and export the built connector for HyperStudy®
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4.3  Steps to build and export a connector.
In EXPORT / ADVANCED TOOLS / HYPERSTUDY area, 4 steps are needed to build and export a report:

1) Select the test which will be performed by HyperStudy®

2) Define the test configuration, that means the user inputs/outputs parameters needed to define the test (settings and user inputs of
the considered test)

3) Select the inputs/outputs parameters for performing studies with HyperStudy®
4) Define the export information.

4.4 Test selection

In the current version of FluxMotor®, 2 tests can be selected for induction machines:

e Characterization / Thermal / Motor & generator / Steady state
e Working point / Sine wave / Motor / U-f-N

When a test is selected, the corresponding overview is displayed at the center of the screen, showing the main inputs to be considered.

‘DOCUMENT ADVANCED TOOLS
: = P 7 ) ). N )
r € "= = "
REPORT SCRIPT ERS FLUX 2D FLUX SKEW FLUK 3l
EXPORT

@

SECTIONS 'WORKING POINT - SINE WAVE - MOTOR - VOLTAGE-FREQUENCY-SPEED HYPERSTUDY %
Design- ~ | PRI parsmeters. 1. TEST SELECTION
Topolagy Identifying a working point defined by Settings Outputs Steady st
supply voltage U, power supply frequency f and = Thermal + Generaldata 5 F
speed N = Electronics = Machine constants 5 i
i 4 with Hyperstudy - Mechanics : :Iawer:b;alante
Inpus B oy 2. TEST CONFIGURATION
0 4 Overview of the resulting electromagnetic behavior + Line-Linevokage-U - Flukd feiaar 5 = =
G the maloe . ;‘uwe‘;snppiyﬁequency—f ekl 3. PAR S FOR HYPERSTUDY
Ring L SopRac « Iron losses {stator, rotor) 4. EXPORT INFORMATION
u.f
@ m Ermor in seciion 3 Paramisters for HyperSiudy]
At oSt one gt paraniEter (in biue) must b2
Winging Mnsses selected 10 xport a conEcion
I & v
Maments of inertia Costs 1l
H 1. TESTSELECTION
Configuration— £ A Select the testto be performed
7] T
@ @ 2. TEST CONFIGURATION [i]
ifptts Semngs . Define the defaultvaluesof the testinputs
[E==] 3. PARAMETERS FORHYPERSTUDY
Choose the parameters to be considered
Winding & Cage
Nisiaraats: 4 EXPORTINFORMATION
Finalize the export process
% |

‘warking pomt

Motor Factory — EXPORT AREA — Export connector for HyperStudy®

Selection of a test to be performed by HyperStudy®
Display of general information (overview) dealing with the selected test

N|—=
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4.5

Test configuration

After selecting a test, the corresponding test inputs (settings and user inputs) must be defined. This allows to define the initial conditions

for testing.

Identifying a working point defined by l
supply voltage U, power supply frequency f and
speed N

with HyperStudy

Overview of the resulting electromagnetic behavior
of the motor

N — N3
slip= (Msymen — M)
Noynch,

settings Outputs

+ Thermal + Generaldata

« Electronics + Machine constants
* Mechanics + Power balance
Inputs *+ Fluxin airgap

+ Fluxdensityiniron

+ Flux densityisovalues

+ AClosses

+ Iron losses (stator, rotor)

» Line-Linevoltage-U
+ Power supply frequency-f
* Speed-N

7. TESTSELECTION

Selectthe testto be performed
2. TEST CONFIGURATION

Define the defaultvaluesof the test inputs

3. PARAMETERS FOR HYPERSTUDY

Choose the parameters to be considered
4. EXPORT INFORMATION

Finalize the export process

2. TEST CONFIGURATION

i =%

o,

Thermal Electronics Mechanics
LI

INPUTS
Computation mode Fast
Line-Line voltage, rms (V) aT0.0
Power supply frequency (Hz) 500
AC losses analysis
Sl (%) -|5.0
3. PARAMETERS FOR HYPERSTUDY
4 FXPCRT NEGRMATION

Error in section [3. Parameters for HyperStudy|
Al least ONE INpUt PATAMEIET (in biue) MUst be

setected 10 export a Conpecton,

Motor Factory — EXPORT AREA — Export connector for HyperStudy®

—_

Overview of the selected test is displayed

User inputs can be defined in the test area

Note: The user help information about the test parameters is defined in the user help guide of the corresponding test. Please refer to
the corresponding section.

Proprietary Information of Altair Engineering
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4.6  Parameters for HyperStudy®

This section allows to select the parameters which must be available for the optimization in HyperStudy®.
These can be design parameters, parameters to define the test conditions (inputs and/or settings) or test results.

4.6.1 Selection of design parameters

O, ©)

T DOCUMENT ADVANCED TOOLS
— 2 7 = )= )
= rest T 5 & %= @
REPORT SCRIPT HFERSTUDY  FLU2D  FLUXSKEW  FLUX3D
EXPORT
SECTIONS 'WORKING POINT - SINE WAVE - MOTOR - VOLTAGE FREQUENCY-SPEED HYPERSTUDY &)
_Design i oveniew [T |1.7E8T SELECTION ]
® = | | zrnen
Tapalogy
H Bar
Ring Sist
Winding Massés
Vaments af msria costs
Canfiguration
Inputs Setings Inguts o l\ | | I -
@ g ey o £}
; 0
Siot negnt {mm)
wnsng 8.3 ] = I \ |
mgEcaE D1 (mm) 5] 02 (i [u] H{mm) =]
Main results Jr thm) =] R2 (mm) o W (mm) o
e ) O lsapmm
Werking point Ring

Motor Factory — EXPORT AREA — Export connector for HyperStudy®
Design parameters selection

1 Tab to be expanded to choose input/output parameters for HyperStudy®

2 Area in which input/output parameters are stored for HyperStudy®

3 Shortcuts to select the part of the design to be considered for the selection of parameters
All available design inputs are displayed. The corresponding dimension is highlighted when selected - arrow (5).

4 When a parameter is chosen, the associated box is ticked (4), and the parameter name is stored in the selected
parameters area (2).

5 Arrow illustrating the selected design input parameter

6 Button to validate the previous choices

Note: Data which are given by the user are written in blue. They are inputs data. Data resulting from internal computations (outputs) are
written in black. This allows the users to quickly differentiate between the input data and output data inside data tables.
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46.2

The test data groups test results as well as the user inputs and settings. All these data can be selected for optimization in HyperStudy®.

Selection of test data

O,

©)

- DESIGN DOCUMENT ACVRNCED TOOLS
2 = P 7 P~ ) o b
o w2 € 5 =%
-m REPORT SCRIPT HYPEF FURK2D  FLUXSKEW  FLUX3D
SECTIONS L -MOTOR - Y-SPEED HYPERSTUDY
‘ - Design 3| Overview m E‘1_fvss"_r-ss.sc1';ou
_ v ing resistance factor O [ [End ring mductance tactor o |+ 2 TEST CoNFIGURATION
@® = 5
| Topalogy [Ena ning resistance. avg (G =] |es enanng resistance () o @.0'S: ena ring resistance () u}
‘ rd fing indiuctance; svg (F) O S end ring Inductance (H) 5] aCS endring industance (H) 8]
| Bar Machine performance - Working point
O “' [Generai et T=T== I
s e {mam]
Fing siot Mechanicai tarqus (N.m) 2® spadirpmi a {Powe suppiy fraquency (Hz) o :“’:‘3 ’“‘"E :‘““"{‘“; S
bachanicai power (W) O [machine esscocal pover oy O |Machine totalioss o RN O PN MR
@ iy Machine afficiency () o vér (V) o Reeautie powsr (V. a
sip (51 s} c} Fhase angle (deg) o
| Winarg ] Line current, rms (8} =} ! rrent, mms (4) o Restar current raquency (He} o
| lLine-Line voltage, rms (v} [=] |Phase vorage, ms (V) o
=] athine canstants. | = |
b s ik st s, s Amm) o [Bar currect dens . ms (Almm2) u] Inter-bar current dens., ims {AMmz2) =]
e ing, rms (&m) [} |pawer density (wha) =]
Configuration Powe e | (53] |
IMaching 1atal l0sses (W) o
Total iron losses (W) o statar iron tosses () o Fafor iron losses (W) a
Inpets Setings Mechanical lasses () {a}
@ Fucinairgap G | |
Flux density, ARV (T} o |Fiux sensty 1stharm  rms (T) a Flue densty, o
Winding & Gage [Flux / pole, ARV (W) 0 [Fiux/ pote 15t naem., ms (o) a Flus{ pale, pe a
PR oensity 0 ran. | B |
Main rasults IStator tooth, ma (T) (=] [Statar tost tagth, max (T) (m] ‘Stator yoke. mak (T) a
[stator tootn, mean (T) =} Statar 1921 taotm, mean (T} o Statar yoke, mean (T) o
L @ lRatar tagtn, max (1) o |Rotar tont taatm: max (T) u] Rotor yake, max (1) o
IRotor ticth, mean (1] O |pintar toct taoth, mean (1) o Rrotor yake, mean {T) o
Warking paint

Motor Factory — EXPORT AREA — Export connector for HyperStudy® — Test data selection

Tab to be expanded to choose input/output parameters for HyperStudy®

Area in which input/output parameters are stored for HyperStudy®

Shortcuts to select the part of the test condition and test results to be considered for the selection of parameters

All available test data (test results as well as user inputs) are displayed. When a data is chosen, the associated box
is ticked (4), and the parameter name is stored in the selected parameters area (2).

Display of data which can be selected for HyperStudy® studies

Button to validate the previous choices

oo b~ (WIN|=

Note: Data which are given by the user are written in blue. These are inputs data. Data resulting from internal computations (outputs)
are written in black. This allows the users to quickly differentiate between the input data and output data inside data tables.
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4.7  Export information

The last step for building the connector for HyperStudy® is to define the export information.
There are three data to be defined:

e The name of the connector

e The folder in which the connector must be stored.

e The last answer, “Save iteration (Yes/No) “ indicates if the results of the HyperStudy® must be stored in a dedicated catalog of Motor
Catalog application. When “Yes” is answered all the resulting motors can be visualized in Motor Catalog, and then these can be
edited in the Motor Factory very quickly.

- DESIGN 'DOCUMENT ADVANCED TOOLS
= ’, v
!% Q’T fz L ) ( : )

. 1
TEST Eap sk
-m REPORT SCRIFT 2 FLUX2D FLUKSKEW FLUX30

WORKING POINT - SINE WAVE - MOTOR - VOLTAGE-FREQUENCY-SPEED HYPERSTUDY ]

H 1. TEST SELECTION
- ; End ring inductanee tactor o = ZTE'BTC'GNFIGIRA‘HUN
£ =t g resistance, avg () o le:s snd rng resistance () o 6.6 énd ring resistarice (&) o 3. PARAMETERS FOR HYPERSTUDY.
p {End fing inductance_avg (H) u] C 5 end fing inductance (H) o 08§ end ring inductance [ a]
EXPORT PARAMETERS.
Bar Machine performance - Working point !.!canr-mumame Pwstcann?r‘.w 2
P = o I | [ ————
Siat [nenarfnuomtfl"m,m: g spessinm g ; il )
m sl o Appar;[pawt‘r(::\) i [m] eac VA o {\/ L
? stip (%) o |Power factor B u]
Wwindlin Masses ne current, rms (A) a] {Phase current. ms (4 (=] o
e A O [rmemiogmrets D —
S & chs ot | | | | BER
Moments ot fnesti Casts Stat current dens . ms (Admm2) a Bar current dens _ rms (Aimm2) (] Intes-bar current dens._ ms [A/mm2)
E|ectrical lading, e (am} =] Power density (Wkg) O
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AR f\uw:nwmrér: ' (] | : | | =
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K aoth, méan (T) o _S(omr'-: 2 an (1) o ai(aw ,-',k: mr:azﬂ:’-s a
= e ol S e
() (@)
Motor Factory — EXPORT AREA — Export connector for HyperStudy® — Export information
1 Tab to be expanded to define the export information for HyperStudy®
2 Area in which the export parameters to be defined are listed
3 Button to validate the previous choices
4 Button to finalize the export of the connector.
4a To finalize this operation from FluxMotor, a first button allows to directly and automatically launches HyperStudy,
builds and load the connector to perform the optimization.
4b Button to finalize the export of the connector. When one clicks on this button opened the folder where the connector

is stored.

Note: When one clicks on this button (4a), HyperStudy is automatically opened, with the connector built by FluxMotor uploaded.
The studies can be initialized and run immediately in HyperStudy. The input variables as well as the Output responses that have been
selected in FluxMotor are automatically identified and uploaded.

J\ ALTAIR
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Note: When data is missing in the third table; “Parameters for HyperStudy®” for instance, an error message is displayed in the red colored
font which indicates, what is missing and where. If all the needed information is missing, exporting a connector is not allowed

HYPERSTUDY 7

1. TEST SELECTION
2. TEST CONFIGURATION
3. PARAMETERS FOR HYPERSTUDY

4. EXPORT INFORMATION

EXPORT PARAMETERS
Connector name HstConnector
Destination folder D:\ForHyperStudy
Save iterations Yes

Error in section [3. Parameters for HyperStudyl:
At least one input parameter (in blue) must be
selected to export a connector.

®

Motor Factory — EXPORT AREA — Export connector for HyperStudy® — Error message
Error message written in red font

The two buttons to export the connector and run launch HyperStudy are not active if the needed data is missing.

RN
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4.8  Get back HyperStudy® results in FluxMotor®

All the motors resulting from the operations performed with HyperStudy® can be used back in Motor Catalog of FluxMotor®, and then

these can be edited in Motor Factory very quickly.

FALOG EDIT NEW IMPORT DELETE ADD ADDALL

CATALOG SELECTOR CATALOG : HstConnector - MOTOR : E12_run_00028

REFERENCE
- Synchronous Maching
i inductian Machine

USER 1
S-Synchronous Machine | User|
& Patannerfator-3Phase

Luser_spa_pm 2 38n
- PMA-Ousterfotor- 3hase
nducton Machine

&-EQmnerfotor-3Phase
S0 OuterRetor-1hase

B

©O0O0O0000O0,|

CEOMMTN Froun_ 00029 Er2run 00030 Etirun 00031 Erun 00032 ER2run, 00033 EtZeun_000M EXrun (O3S  ER2run_0003

6 6 6 60 6 6 6 6 6!

O ®
6 Mot o -
l- &% % @& 28 1 @

COMPARE 2 =m

GENERAL DATA PERFORMANCE

Mater £2_run_00028
Catalog [HstConnector
Family Synchronous.
Type |Permanent magnet
Sub-type inner ratar
Elec. supply network | 3hase

STATOR

Cuter diameter fmm) | 140.0
Inner dlameter (mm) (74,0

Length (mm) 145.0
M. slots. 24
Library os_PiiTooth
Part |08 PifTooth, 050
Material REF.M33)_354
Conguctor matenal |REF.Copper
AIRGAP |
Liengmomes ___Ti.0 !
ROTOR

Outer diameter (mm) [ 72.0
Inner diameter immi (30,6

Length (rm) 145.0

Na, poles 14

Library Ims.fing.

Part Ims_fing 028

Material REF.M330_358,

Magniet material | REF.NebFeB_1370_1273
SHAFT. |

Topology None

Material ) |

Motor Catalog — Visualization of results got from HyperStudy® — lllustration for a synchronous machine

1 A catalog is automatically built by using the name of the connector defined by the user
2 All the operations from HyperStudy® are stored in the dedicated catalog
3 Each motor can be selected, visualized and edited in the Motor Factory, to be evaluated more in depth

Proprietary Information of Altair Engineering
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4.9  Connection between FluxMotor® and HyperStudy®

Before starting new studies in HyperStudy® by using connectors exported from 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.

7Z Register Solver Script - Altair HyperStudy™ (33.2033991) m] x
Add Solver Seript €3 Remove somver script File | Edit | View Tocls  Applications  Help Heoon
Label Vamame Type Preference Path L = |System Arguments.
1 [ " i |
o New tr fers  Messages
z L View E
3 - A ot S P e N S =g Approach: )
6| Tempie 5] other Application| 2021 /wdesktop nB4/templex e
7| HM Batch mhbatch B Other Application| Hyperw rogram Files/Altai 1/hwdesktop/hm, nGa/hmbatch.exe Register . |
8/ HM BatchM batchr [57] other Appiication| Hyg C/Pro - 2021/hwdesktop/hm/batchmesh/hu_btehmesh.k 5 Solver Sciipt !
9/ MDL Batck B other a ion | HyperW rogram Files/Altai desktop/io/t n/winbd/md bat User Uttty
e ser Utility |
11| HyperWork v _exe B other applica Program Files/Alta B/ exe le Optimizer
12|HY T vtrar |g Other Application| HyperW Co/Program File opfio/resut_teaders/bin/win6d/hvtrans.ex - B i
13 FLL BE " yram Files/alt e/ Flu/Bin/ pra/winéd . ; B
14 ¥ ) v 1 1
15 Fluxhotor fluxmaotor AA FluMote erst C-/Program Files/Altair/2025/flux/FluxMotor/Scripts/win/FluxMotors.exe |-bateh Stroct fitespec_resourcel g

o
C:/Program Files/Altair/2025/flux/FluxMotor/Scripts/win/FluxMotors.exe

Connection between FluxMotor® and HyperStudy®

1 Open the area in HyperStudy® to register FluxMotor® 2025 script

Path where FluxMotors.exe must be selected to be registered as a new solver in HyperStudy®.
2 Note: FluxMotors.exe with a “s” at the end of FluxMotors.

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

Note: The new auto generating the HyperStudy Study in HyperStudy Application (described above) allows to automatically register
FluxMotor® as a new solver script in HyperStudy®. If HyperStudy is not install in the same folder (by default: C:\Program
Files\Altair\2025\hwdesktop\hst), the path must be defined in the user preferences via the supervisor of FluxMotor (Path to HyperStudy
— Needed for HyperStudy export — Ref. 3 below)

Warning: Mandatory synchronization between connector and FluxMotor versions

The connectors used in HyperStudy must be synchronized with the FluxMotor solver version.
An error message (inside the log files) is generated while performing HyperStudy studies with a connector provided with a former

version of FluxMotor solver.
A connector provided with FluxMotor version N-1 (or older) cannot be used in HyperStudy where the FluxMotor Solver Version N (or

newest) is selected.

Since the FluxMotor 2022.3 version, each time a connector is generated, a ConnectorUpdater.py file is provided and located in the
same folder as the connector.

Thanks to this script, the user can update an older HyperStudy connector generated with a former version of FluxMotor.

Please refer to the document MotorFactory_Introduction.pdf for additional information in the section dedicated to HyperStudy.

J\ ALTAIR
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Preferences

Q . o@m @ X

Common Path Look Shortcuts Advanced
Default creation catalog path [C\WUserst..\ | @
Defauit creation library path [C\Userst..¥ | ®
Detault creation material path [C\WUserst_\ | ®
Default Part Factory export python file path [C:\WUsersL..\ ] ®
Default source excel file path [C:\WUserst. .\ | @
Derault source attachment file path | C\WUserst. A | ®
Default export image path [CWserst_} | @
Defauit export report path [C:\Users\ A J @
Default export script path | C:\WUserst..\ | @
Defauit export material path [C\WUsersL.\ | @
Defauit HyperStudy connector path [C:\Userst Y | @
Defauit HyperStudy catalog path [C\Userst .\ ®
Default export to Flux path [C:\Userst..\ | ®
Default Mator Factory warking directory path [CUserst | ®
Default LUT export common path | C:\Users\.\ | @
Path To a C++ compiler (needed for FMU) [C:\Userst..\ | ®
Path to FlowSimulator (needed for FlowSimulator export) | C-\Users| |\ ] @
Path to SimLab (needed far SimLab export) | CWUsersh..\ | @
Path to Hyperstudy (needed for Hyperstudy export) [C:\Userst.\ ._’_@7
Path to Activate (needed for Activate export) [C:\Users\ A | @
Path to PSIM (needed for PSIM export) [C\Users\_\ | ®

@
Path to HyperStudy — Needed for HyperStudy export — It must be defined in the user preferences (Supervisor of FluxMotor)

)\ ALTAIR
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5 BUILD AND EXPORT A MODEL IN FLUX® 2D ENVIRONMENT.

51 Overview

The aim of this export is to provide a python file which allows a full parametrized model, ready to be used in Flux® 2D environment.
In the current version, models can be exported for harmonic application or transient application in Flux® 2D environment.

Three models can be exported to Flux® 2D environment:

Application Model family Package Convention Model / Test
SINUS Working point Sine wave Motor U-f-N

Working point Sine wave Motor U-f-N
VRGNS BN Working point Sine wave Motor U-f-N (Hairpin)

Note: These models are considered for inner rotor machines and outer rotor machines.

5.2

Area to build and to export a model to Flux® 2D environment.

DOCUMENT wvmiED TOOLE

N |

WORKING POINT - SINE WAVE - MOTOR - U-F-N

= = ;, s )3
= Ei L
TEST = { {20 5k
REPORT  SCRPT | | HYPERSTUDY | FLUKSKEW
EXPORT

Export a model for steady state AC magnetic application
in Flux 2D environment

Aworking point defined by supply voltage U, power supply
frequency and speed

settings
+ Thermal
+ Mechanical

Inputs
+ Line-Linevoltage-U
+ Supplyfrequency -
+ Speed- N

1. TEST SELECTION
Selectthe testto be modeled
2, TEST CONFIGURATION
Define the default values of the test inputs

3, EXPORTINFORMATION
Finalize the export process

FLUX2D

Static Transient

|2 TEST conFiGURATION
| 3. ExpoRT INFoRMATION \
v i
= b2 o

Motor Factory — EXPORT AREA — Export model for Flux® 2D environment

EXPORT area of Motor Factory.

Access to the area in which a model for Flux® 2D environment can be made

Zone to visualize the overview of the selected model to be exported

Click on the tab to select the application (HARMONIC or TRANSIENT)

Build the model to be used for exporting in Flux® 2D environment

Buttons to validate inputs before building the model in Flux® 2D environment.

N WIN(—~

Exports the python file for building the model in Flux® 2D environment or launch the project directly in Flux® 2D.

Proprietary Information of Altair Engineering
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5.3  Steps to build and export a model to Flux® 2D environment.

In EXPORT / ADVANCED TOOLS / FLUX 2D area, one must indicate that on which application of Flux® 2D environment, the models
must be built: steady state AC magnetic application (SINUS) or transient application (TRANSIENT).

Then, the 3 next steps to be followed are:

1) Define the type of scenario one wants to get in Flux® 2D environment (Test selection).

This means defining the simulation, that one wants to perform in Flux® 2D environment for evaluating the electromagnetic
behavior of the considered machine.

2) Define the test configuration. This is to give an initial value for the user inputs, which will be set in the scenario of the simulation
available in the Flux® 2D model.

Note: For each Flux® 2D model available in the current version, a short description of the user inputs is given.
3) Define the export information.

The resulting models are fully parameterized, and these are built in Flux® 2D environment for Steady state AC Magnetic application or
Transient applications.

FLUX 2D

2

BWorking point

ESine wave - Motor

2. TEST CONFIGURATION * ( : )

3. EXPORT INFORMATION e

Motor Factory — EXPORT AREA — Export model for Flux® 2D environment

Select application (SINUS or TRANSIENT) in which the model must be built in Flux® 2D
Choose one scenario (or test) to be used for testing

Define the initial conditions for the simulation process in Flux® 2D environment

Define export information

BWIN|(—

J\ ALTAIR
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54 Test selection

After having selected an application type (SINUS or TRANSIENT), the corresponding test inputs (settings and user inputs) must be
defined. This allows to define the initial conditions for testing.

FLUX 2D

T
swie oo [N ()

BEWorking point
ESine wave - Motor :
2. TEST CONFIGURATION
3. EXPORT INFORMATION
O

VIO

) 5
*an

Motor Factory — EXPORT AREA — Export a model for Flux® 2D — Test selection

Selection of application (SINUS or TRANSIENT) in which the model must be built for Flux® 2D
Tab to choose one scenario (or test) to be provided

Selection of the scenario (or test) to be provided

Button to validate the previous choices

BWOIN|—=
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5.5  Test configuration

After having selected an application type (SINUS or TRANSIENT), the corresponding scenario (or test) inputs (settings and user inputs)
must be defined. This allows to define the initial conditions for the simulation process in Flux® 2D environment.

FLUX 2D

?

Static Transient m

1. TEST SELECTION

|

2. TEST CONFIGURATION

i

Thermal

o,

Mechanics

INPUTS

Speed (rpm)

Power supply frequency (Hz)
Rotor initial position (deg)
Airgap mesh coefficient

Max. Line-Line voltage. rms (v}  |370.0

«|1425.0
50.0
0.0

1.5

2. TEST CONFIGURATION
i Y-
Thermal Mechanics
INPUTS .

Max. Line-Line voltage, rms (V) [370.0
Speed (rpm) &|14250
Power supply frequency (Hz) 150.0
Represented coll conductors No
3.EXPORT INFORMATION

M

©® @é@

Motor Factory — EXPORT AREA — Export a model for Flux® 2D

Tab to define the initial conditions for the simulation process in Flux® 2D environment

Settings like thermal and mechanical conditions can be defined

User inputs dealing with the considered test can be defined

The tab corresponding to advanced parameters can be expanded.
Advanced parameters can also be defined if needed.

gl B [(WIN|-=

Button to validate the previous choices

More details about the inputs and settings can be found at chapter 5.7
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5.6  Export information

The last step for building a model for Flux® 2D is to define the export information.

There are three data to be defined:

e The name of the python file which will build the model in Flux® 2D environment.

e The folder in which the provided file must be stored.

e The “Full geometry” allows the user to get a full geometry in the provided model, even if it is possible to work with a reduced
model considering the number of poles, the number of slots and bars.

FLUX 2D ?

T . |

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

(1
INPUTS @

!

File name Flux2DModel
Destination folder C:\Users\username
Full geometry No

Motor Factory — EXPORT AREA — Export model for Flux® 2D — Export information

Tab to be expanded to define export information for Flux® 2D

Area in which the export parameters to be defined are listed

Button to validate the previous choices

Button to finalize the export of the model. When one clicks on this button, the folder gets opened where the python
file to build the model is stored.

Button to finalize the export of the model. This button launches Flux® 2D and builds the model.

gl b [(WIN=
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Note 1: When data are missing from the third section; “Export information” for instance, an error message is displayed in the red colored
font which indicates the missing data. If all the needed information is missing, exporting a model is not allowed.

FLUX 2D ?

Static Transient Sinus.

1. TEST SELECTION
2. TEST CONFIGURATION

3. EXPORT INFORMATION

INPUTS

File name Flux2DMode!
Destination folder C:\Users\User Name
Full geometry No

Error in section [3. Export information]
The path "C:\Users\User Name" does not exist

Motor Factory — EXPORT AREA — Export model for Flux® 2D — Error message

Error message display in red colored font
The button to export the model is not active if some needed data is missing

—_

Note 2: Exporting a model to Flux® 2D (i.e., provide the python file to build the model) can take a few seconds.

Proprietary Information of Altair Engineering A A LTAI R



Altair® FluxMotor® 2025

p. 26

5.7  Available models to be exported and user inputs.

5.7.1  Overview

All the models to be exported are first classified by considering the type of application, for which they are built (SINUS or TRANSIENT).
Then, the current version models are associated with a motor convention of operation and grouped into packages and model families.
Three models can be exported to Flux® 2D environment:

Application

Model family Package Convention Model / Test
SINUS Working point Sine wave Motor U-f-N

Working point Sine wave Motor U-f-N
VRGNS ENT Working point Sine wave Motor U-f-N (Hairpin)

The following section give a short description of all the models available for exportation to Flux® 2D environment.

5.7.2 Steady state AC Magnetic application (SINUS) — Working point — Sine wave — Motor — U-f-N

5.7.2.1 Positioning and objective
This export allows the users to build a model of induction machine in Flux® 2D, which can be used to run steady state AC magnetic
application.

User inputs, like line-line voltage, power supply frequency and speed are predefined to allow quick access into Flux® 2D environment for
performing computations. The resulting model is full parameterized.

Speed

2 ]
2X h‘?‘-_\mch

Working point — U-f-N - lllustration

The following section describes all the user inputs to initialize the exported model.
All these parameters can be modified in Flux® 2D environment, if needed.

5.7.2.2 Settings

One button gives access to the following setting definition:
e  Temperature of winding straight part and end winding
e  Temperature of squirrel cage bars and end rings

e Mechanical losses

For more details, refer to the generic section (applicable for all types of machines) dealing with the test settings.

Proprietary Information of Altair Engineering

J\ ALTAIR



Altair® FluxMotor® 2025 p. 27

5.7.2.3 Standard inputs

1) Line-line voltage, rms
The line-line voltage supplied to the machine: “Line-line voltage, rms” (Line-line voltage, rms value) must be provided.

2) Slip or Speed mode.
There are two usual parameters to define the working point. It can be defined by the slip “Slip” or by the mechanical speed “Speed”.

3) Slip
If the “Definition mode” is “Slip”, the value of the machine’s slip must be provided, and the corresponding speed is deduced.

The slip “s” in the following relations) corresponds to the relative difference between the synchronous speed (Nsynch.) and rotor speed N:

s = (NSynch. - N)
NSynch.

4) Speed
If the “Definition mode” is “Speed”, the targeted rotor speed must be provided, and the resulting slip is deduced.

5) Power supply frequency
The power supply frequency corresponds to the electrical frequency of the stator magnetic field.

5.7.2.4 Advanced inputs

The lists of advanced inputs dedicated to this export are listed below.
For more details please refer to the section 5.7.5 - List of generic advanced inputs.

1) Rotor initial position

2) Mesh order
The default level is second order mesh.

3) Airgap mesh coefficient
Airgap mesh coefficient is set to 1.5 by default.
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5.7.3 Transient application — Working point — Sine wave — Motor — U, f, N.

5.7.3.1 Positioning and objective

The aim of the test “Working point — Sine wave — Motor — U, f, N” is to characterize the behavior of the machine when operating at the
targeted input values U, f, N (Line-line voltage, power supply frequency and speed).

The resulting model is fully parameterized, and it is built in Flux® 2D environment, transient application.

The results of this test give an overview of the electromagnetic analysis of the machine considering its topology.
It also gives the capability to make comparisons between results obtained from measurements with FluxMotor®.

The following section describes all the user inputs to initialize the exported model.
All these parameters can be modified in Flux® 2D environment, if needed.

5.7.3.2 Settings

One button gives access to the following setting definition:

e  Temperature of winding straight part and end windings
e  Temperature of squirrel cage bars and end rings

For more details, refer to the generic section (applicable for all types of machines) dealing with the test settings.

5.7.3.3 Standard inputs

1) Line-line voltage, rms
The line-line voltage supplied to the machine: “Line-line voltage, rms” (Line-line voltage, rms value) must be provided.

2) Slip or Speed mode.
There are two usual parameters to define the working point. It can be defined by the slip “Slip” or by the rotor speed “Speed”.

3) Slip
If the “Definition mode” is “Slip”, the value of the machine’s slip must be provided, and the corresponding speed is deduced.

The slip “s” in the following relations) corresponds to the relative difference between the synchronous speed (Nsynch.) and rotor speed N:

(NSynch. - N)
s =
NSynch.

4) Speed
If the “Definition mode” is “Speed”, the targeted rotor speed must be provided, and the resulting slip is deduced.

5) Power supply frequency
The power supply frequency corresponds to the electrical frequency of the stator magnetic field.

6) Represented coil conductors.

In transient application, it is possible to export a project into Flux® environment where the elementary wires will be modeled with solid
conductors. The geometry, the meshing and the corresponding electric circuit will be defined to well represent them.

Three choices are possible:

e “No™: The coils will be represented with face regions. The elementary wires won’t be represented in the Finite Element model (Flux®).

e  “One phase”: The elementary wires will be represented for only one phase. This will allow to compute AC losses for conductors into
the first phase. This choice allows to get a good ratio between the quality of results and computation time.

e “All phases”: The elementary wires will be represented into all the phases.
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5.7.3.4 Advanced inputs

The list of advanced inputs dedicated to this export are listed below.
For more details, please refer to the section 5.7.5 - List of generic advanced inputs.

1) Number of computations per electrical period
The default value is equal to 50. The minimum allowed value is 13.

2) Number of computed electrical periods
The default value is equal to 2. The minimum allowed value is 1 and the maximum value is equal to 10.

3) Rotor initial position

4) Mesh order
The default level is second order mesh.

5) Airgap mesh coefficient
Airgap mesh coefficient is set to 1.5 by default.

5.7.4 Working point — Sine wave — Motor - U, f, N - Hairpin
5.7.4.1 Positioning and objective

The aim of the test “Working point — Sine wave — Motor — U, f, N” is to characterize the behavior of the machine when operating at the
targeted input values U, f, N (Line-line voltage, power supply frequency and speed) in case of the machine is built with a hairpin winding
technology.

The resulting model is fully parameterized, and it is built in Flux® 2D environment, transient application.

Note: The same principle than for the test “Working point — Sine wave — Motor — U, f, N” is applied.
Inputs are the same, but in that case only “All phases” option is available for defining the represented coil conductors.

5.7.5 List of generic advanced inputs

1) Number of computations per electrical period (for transient application)

The number of computations per electrical period “No. comp. / elec. period” (Number of computations per electrical period) influences
the accuracy of results and the computation time.

The default value is 50. The minimum allowed value is 13. The default value provides a good compromise between the accuracy of results
and computation time.

2) Number of computed electrical periods (for transient application)
The default value is 2. The minimum allowed value is 1 and the maximum value is 10.

3) Rotor initial position

The computation of the test « Steady State Performance / Working Point / U-f-N » is performed by considering an initial position of the
rotor. The default value is 0. The range of possible values is [-360, 360].

Flux harmonic application (2D and SKEW) allows to compute average quantities over an electrical period for each set position for the
rotor.

Note:

e  With Flux® Steady state AC Magnetic application (SINUS), torque ripple is wrongly estimated. In fact, the simulation is done over an
electrical supply period for a fixed rotor position. During an electrical supply period the rotor rotates, and we also have rotor squirrel
cage currents which slip from bar to bar. So, with Flux® Steady state AC Magnetic application all the phenomena are not considered
which is why the torque ripple torque is wrongly estimated.

e High space harmonics impacts are not correctly considered for the same reasons described above, about the ripple torque.

4) Mesh order

To get results, Finite Element Modelling computations are performed.

The geometry of the machine is meshed.

Two levels of meshing can be considered: First order and second order.
This parameter influences the accuracy of results and the computation time.
The default level is second order mesh.

J\ ALTAIR
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5) Airgap mesh coefficient

The advanced user input “Airgap mesh coefficient” is a coefficient which adjusts the size of mesh elements inside the airgap. When
one decreases the value of “Airgap mesh coefficient’, the size of the mesh elements reduces, thereby increasing the mesh density
inside the airgap and the accuracy of results.

The imposed Mesh Point (size of mesh elements touching points of the geometry), inside the Flux® software, is described as:

MeshPoint = (airgap) x (airgap mesh coefficient)

Airgap mesh coefficient is set to 1.5 by default.
The variation range of values for this parameter is [0.05; 2].
0.05 gives a very high mesh density, and 2 gives a very coarse mesh density.

Caution:

Be aware, a very high mesh density does not always mean a better result quality. However, this always leads to a huge number of
nodes in the corresponding finite element model. So, it means the need of huge numerical memory, and the respective computation
time increases considerably.

5.7.6  Warning about electromagnetic torque in steady state AC Magnetic application (SINUS)

For a motor exported to Flux® (2D or SKEW) with steady state AC Magnetic application, the electromagnetic torque is defined through a
power balance which uses the direct components (reverse and homopolar components are not considered) of the currents.

That approach for the power balance will be used for the implementation of tests in steady state AC application for the next versions of
FluxMotor®.

The computation of the direct components of currents and the resulting “electromagnetic torque” are included in the exported motor to
steady state AC application (SINUS).

To visualize the electromagnetic torque obtained by power balance after exporting a motor from FluxMotor®, the user must use the 1/0
parameter “T_EM” in Flux® instead of the classical “TorqueElecMag()” predefined function.
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6 BUILD AND EXPORT A MODEL IN ALTAIR® FLUX® SKEW ENVIRONMENT

6.1 Overview

The aim of this export is to provide a python file which allows to get a full parametrized model ready to be used in Flux® SKEW
environment.
In the current version models can be provided for steady state AC Magnetic application or transient application in Flux® SKEW
environment.

Two models can be exported to Flux® SKEW environment:

Application Model family Package Convention Model / Test
HARMONIC Working point Sine wave Motor U-f-N
TRANSIENT Working point Sine wave Motor U-f-N

Note: These models are considered for inner rotor machines as well as for outer rotor machines.

6.2  Area to build and to export a model to Flux® SKEW environment.

DOCUMENT ADVANCED TOOLS
P e . ~
e 5 % ®
SCRIPT HYPERSTUOY  FLUX 20 4
'WORKING POINT - SINE WAVE - MOTOR - U-F-N FLUX SKEW ?
Export a model for steady state AC magnetic application Settings o o Lai
in Flux Skew environment *+ Thermal
- Mechanical L)
3 f |2 TEST CONFIGURATION
Norking point / Sine 2./ Motor /U 1 & Inputs |a.ExPnRr|NFuRIATBON
A working point defined by supply voltage U, power supply » Line-Line voltage- U

* Supplyfrequency-f
frequency and speed + Specd. N ‘7_‘ — : :
!

S w 1. TESTSELECTION
— 4 Select the test ta be modeled
\ 4 2. TESTCONFIGURATION
\ Define the defaultvalues of the testinputs
% 3. EXPORT INFORMATION
(Nsynen —N) Finalize the export process
Nsy,

slip =

Motor Factory — EXPORT AREA — Export model for Flux® Skew environment

Selection of the EXPORT area of Motor Factory.

Access to the area in which a model for Flux® Skew environment can be made

Zone to visualize the overview of the selected model to be exported

Click on the tab to select the application (SINUS or TRANSIENT)

3 steps to build the model to be exported for Flux® Skew environment

Button to validate inputs and export the python file for building the model in Flux® Skew environment.

DN |WIN|=
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6.3  Particularities in building and to exporting a model to Flux® SKEW environment.

A user who wants to build and export a model to Flux® SKEW has to follow the same steps and recommendations as with the function
“FLUX 2D”.

The main particularity of function “FLUX SKEW” is that the “Skew number of layers” is an input, that must be defined. Its default value
is 3.

Even the design of the machine is defined with “continuous skew”, the “Skew number of layers” is necessary for Flux® to define the
finite elements model in the Flux® SKEW environment. A high number of layers gives more accurate finite elements computations.
However, it needs higher computation time. For that purpose, the value 3 is a good compromise between accuracy and speed.

FLUX SKEW ?
2. TEST CONFIGURATION

Static Transient m

1. TEST SELECTION ﬂ %

2. TEST CONFIGURATION o Thermal Mechanics

ﬂ % INPUTS
Thermal i Max. Line-Line voltage, rms (V) |370.0
Speed (rpm) & |1425.0
= Power supply frequency (Hz) 50.0
s — INPUTSV 370; @ [ T]skew model - No. of layers 3
S:'edi?;ml:e s AL i Rotor initial position (deg) 0.0
- % 2
Power supply frequency (Hz) 50.0 q\ Airgap mesh coefficient 1.5
3. EXPORT INFORMATION

Motor Factory — EXPORT AREA — Export a model for Flux® SKEW

Tab to define the initial conditions for the simulation process in Flux® SKEW environment
Settings like thermal and mechanical conditions can be defined

User inputs dealing with the considered test can be defined

The tab corresponding to advanced parameters can be expanded.

Advanced parameters can also be defined, if needed.

Button to validate the previous choices

gl B [(WIN|[=-
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7 BUILD AND EXPORT A MODEL IN ALTAIR® FLUX® 3D ENVIRONMENT

71 Overview

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.

In the current version of FluxMotor® the only application type available for Flux® 3D export is the Steady State.

Application

Model family

Package

Convention

Model / Test

Steady State AC

Working point

Sine wave

Motor

U-f-N

Note: This export is only available for inner rotor machines.

The following section gives a short description of the process to export the model into Flux® 3D environment.

7.2  Area to build and to export a model to Flux® 3D environment.

®

DOCUMENT

C 5 & %

REPORT SCRIPT HYPERETUDY  FLUK20  FLUKSKEW  FLL«30

ADVANCED TOOLS

WORKING POINT - SINE WAVE -MOTOR -U-F-N

Export a model for steady state AC magnetic application Settings
in Flux 3D environment + Thermal 'Y
¢ Mechanical

Salvir
Work Sine wave / Mator /U FN

A working point defined by supply voltage U, power supply
frequency and speed

Inputs

+ Line-Line voltage - U
» Supply frequency - f
+ Speed - N

1. TEST SELECTION
Select the test to be modeled

2. TEST CONFIGURATION
Define the default values of the test inputs

3, EXPORT INFORMATION
(Nsynch, —N) Finalize the export process

slip =
Nsynch

Motor Factory — EXPORT AREA — Export model for Flux® 3D environment

Selection of the EXPORT area of Motor Factory.

Access to the area in which a model for Flux® 3D environment can be made

Zone to visualize the overview of the selected model to be exported

Click on the tab to select the application (in the current version, only Steady state AC is available)

Different lengths for rotor and stator can be chosen by clicking on this tab.

3 steps to build the model to be exported for Flux® 3D environment

Button to validate inputs and export the python file for building the model in Flux® 3D environment.

Buttons to export the python file for building the model in Flux® 3D environment or to launch directly Flux® 3D.

O[NP |W(IN|—~
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7.3  Particularities in building and exporting a model to Flux® 3D environment.

A user who wants to build and export a model to Flux® 3D must follow the same steps and recommendations, as with the function “FLUX
2D".

The main particularity of function “FLUX 3D” is that rotor and stator axial lengths are inputs, that must be defined. Their default values
equal the machine length defined in “Design”. These two lengths can set to different values.

FLUX 3D ? FLUX 3D ?

o @ -—( 1)
Export Lengths. Expart Lcngths

hd STATOR

Outer diameter (mm) 210.0
1. TEST SELECTION Inner diameter (mm} 155.0
Stator length (mm) 80.0

No. slots 36

2. TEST CONFIGURATION

3. EXPORT INFORMATION No. poles 4
INPUTS @—- ROTOR

File name Flux3DMaodel i 34.0

Outer diameter (mm) 134.0

Destination folder C\Users\fmarion Inner diameter (mm) 0.0
Full geometry No Rotor length (mm) 80.0
Symmetry Yes - No. bars 44

--—Q = ©1
(=] [B]

Motor Factory — EXPORT AREA — Export a model for Flux® 3D

Tab selector to define general export parameters and axial lengths in Flux® 3D environment
Table containing stator topology features. Stator length may be modified.

Table containing rotor topology features. Rotor length may be modified.

To reduce computation time in Flux® 3D, full geometry and symmetry options are offered.

By default, these options are set to assure minimum computation time without accuracy loss.
Button to validate the previous choices

gl b [(WIN|=-

Note 1: Default values for rotor and stator lengths are equal to the machine design length. However, a change in these values only affect
the Flux® 3D export and it never changes the design length value.

Note 2: Symmetry allows to represent only half of the topology in the axial direction, saving the simulation time. This option is available
only when all the dimensions are equal on both sides of the machine (Connection Side and Opposite Connection Side), especially for the
end winding and the rotor end-ring dimensions.

A warning message is provided in the “Design environment” each time an asymmetric topology is defined, to inform the user that the
Flux® 3D export input “symmetry” has been set to “No”. This also occurs when the asymmetry is due to the end shafts, even if they are
not represented in the 3D environment.

Note 3: Export to Flux® 3D is not available for skewed topologies. In this case Flux® Skew export is recommended.
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8 BUILD AND EXPORT A MODEL IN ALTAIR® FLOW SIMULATOR™
ENVIRONMENT

8.1 Overview

The aim of this export is to provide a “.flo” file which allows to get a machine model ready to be used in Altair® Flow Simulator™
environment which will allow to represent the thermal behavior of the machine through a customizable lumped thermal parameter model
coupled with a flow network when necessary.

In the current version of FluxMotor® the tests available for Flow Simulator® export are the steady state and the transient thermal analysis
for three-phase inner rotor SMPM, SMRSM and IMSQ.

The following section gives a short description of the process to export the model into Flow Simulator™ environment.

8.2  Area to build and to export a model to Flow Simulator™ environment

®

DOCUMENT ADVANCED TOOLS
P . ). ) ) N
b € o = s = ®
REPORT SCRIPT HYPERSTUDY FLUX2D FLUXSKEW FLUX30
EXPORT
CHARACTERIZATION - THERMAL - MOTOR & GENERATOR - STEADY STATE FLOW SIMULATOR ?
m 1. TEST SELECTION

P—

®

Steady state
2. TEST CONFIGURATION
Export a model for thermal application in Flow Simulator Settings 3. EXPORT INFORMATION

environment * Thermal °
Generation of dedicated lumped thermal network and overview v
of the thermal steady state behavior of the motor Inputs
considering topology, thermal parameters * Speed
and a set of losses « Stator Joule losses
« Stator Iron losses E 1 @
« Rotor Joule losses = (Ot

* Rotor iron losses
* Mechanical losses

.
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

Motor Factory — EXPORT AREA — Export model for Flow Simulator™ environment

Be

1 Selection of the EXPORT area of Motor Factory.

2 Access to the area in which a model for Flow Simulator™ environment can be made
Zone to visualize the overview of the selected model to be exported. Zone to visualize the overview of the selected

3 model to be exported. Currently, there are two models: thermal analysis in steady state and one in transient. The one
in transient is in beta mode.

4 3 steps to build the model to be exported for Flow Simulator™ environment

5 Button to validate the inputs.
Buttons to export the “.flo” file for building the model in Flow Simulator™ environment or to launch directly Flow
Simulator™

Note 1: “. flo” files are text files used by Flow Simulator™ to stock all the information about a project, e.g., the background images, the
thermal/flow network components including their values, placements, etc.
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8.3  Steps to build an export Flow Simulator™
8.3.1 Introduction
In EXPORT / ADVANCED TOOLS / FLOW SIMULATOR area, 3 steps are needed to build and export data:

1) Define the thermal model to be exported into Flow Simulator™- For the moment only the thermal steady state model is available.

2) Define the test configuration, that means the user inputs/outputs parameters needed to perform the test (settings and user inputs of
the considered test)

3) Define the export information.

8.3.2 Test selection

In the current version of FluxMotor®, two tests can be selected:

e  Characterization / Thermal — Motor & Generator / Steady State
e Characterization / Thermal — Motor & Generator / Transient

8.3.3 Test configuration

After selecting the test, the corresponding test inputs (settings and user inputs) must be defined. This allows us to define the initial
conditions for the simulation process in Flow Simulator environment.

2. TEST CONFIGURATION

|

oS>

Motor Factory — EXPORT AREA — Export a model to Flow Simulator

Tab to define the initial conditions for the simulation process in Flow Simulator environment
Access to thermal settings

User inputs and settings dealing with the considered test should be defined

Buttons to validate or cancel thermal settings

Buttons to validate inputs or to return to default values.

i, (2)
Thermal v
THERMAL

RO - FB\ TEMPERATURE
Speed (rpm) 1500.0 U External fluid temperature (°C) 20.0
Stator Joule losses (W) 480.0 Cooling circuit fluid temperature (°C) 20.0
Stator iron losses (W) 90.0
Rotor Joule losses (W) 0.0 7]
Rotor iron losses (W) 0.0 @ Y@ @
Mechanical losses (W) 0.0
3. EXPORT INFORMATION

A|B|WIN|(—~

8.3.4  Export information

The last step for building a model for Flow Simulator is to define the export information.
There are two data to be defined:

e The name of the “.flo" file which will build the model in Flow Simulator environment.
e The folder in which the provided file will be stored.
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FLOW SIMULATOR ?

1. TEST SELECTION
2. TEST CONFIGURATION

3. EXPORT INFORMATION

™G

INPUTS
File name FlowSimModel
Destination folder C:\Users

®

Motor Factory — EXPORT AREA — Export model for Flow Simulator — Export information

Tab to be expanded to define export information for Flow Simulator

Area in which the export parameters to be defined are listed

Button to validate the previous choices

Button to finalize the export of the model. It opens the folder where the “.flo” file is generated.
Button to finalize the export of the model. It launches Flow Simulator and builds the model.

AW (N[

Note 1: When data is missing / wrong in third table; “Export information” for instance, an error message is displayed in the red colored
font which indicates what data is missing / wrong. If needed information is missing, exporting a model is not allowed.

FLOW SIMULATOR ?

1. TEST SELECTION
2. TEST CONFIGURATION

3. EXPORT INFORMATION

INPUTS
File name FlowSimModel
Destination folder Ci\User

Error in section [3. Export information]
The path "C:\User" does not exist

=] = @

Motor Factory — EXPORT AREA — Export model for Flow Simulator — Error message

Error message displayed in the red colored font
2 The button to export the model is not active if the needed data are missing

—_

Note 2: Exporting a model to Flow Simulator (i.e. provide the “.flo” file to build the model) can take a few seconds, since it is necessary
to run some pre-calculations to build the lumped parameter thermal model.
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8.4  Available models to be exported and user inputs

8.4.1 Overview

In the current version only one Flow Simulator export is available the steady state thermal analysis for three-phase inner rotor SMPM.
Thermal transient export and more machine types will be addressed in future versions.

8.4.2 Characterization — Thermal - Motor & Generator — Steady State
8.4.2.1 Positioning and objective

The aim of this export is to represent the steady state thermal behavior of the machine through a customizable lumped thermal parameter
model coupled with a flow network when necessary.

The resulting model is a 3D representation of a steady state thermal circuit built in Flow Simulator, it corresponds to the thermal model
used in Flux Motor to run both, thermal and coupled tests.

The following section describes all the user inputs and settings to initialize the exported model.

8.4.2.2 Settings
One button gives access to the following setting definition:

e External fluid temperature
e  Cooling circuit fluid temperature

For more details, refer to the section dealing with the test settings.

8.4.2.3 Standard inputs

1) Speed
The speed of the machine to be considered.

2) Set of losses
The losses to be defined are the following ones:

Stator Joule losses
Stator iron losses
Magnet losses
Rotor iron losses
Mechanical losses

8.4.2.4 Advanced inputs
There are no advanced inputs required for this export.

8.4.3 Characterization — Thermal - Motor & Generator — Transient
8.4.3.1 Positioning and objective

The aim of this export is to represent the transient thermal behavior of the machine through a customizable lumped thermal parameter
model coupled with a flow network when necessary.

The resulting model is a 3D representation of a transient thermal circuit built in Flow Simulator, it corresponds to the thermal model used
in Flux Motor to run both, thermal and coupled tests.

The following section describes all the user inputs and settings to initialize the exported model.

8.4.3.2 Settings

One button gives access to the following setting definition:
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e External fluid temperature
e  Cooling circuit fluid temperature

For more details, refer to the section dealing with the test settings.

8.4.3.3 Inputs

The main inputs of this test correspond to a set of losses to be considered for evaluating the thermal behavior of the machine in a transient

mode.

8.4.3.4 Standard inputs

1) Speed
The speed of the machine to be considered.

2) Setof losses
The losses to be defined are the following ones:

Stator Joule losses
Stator iron losses
Rotor Joule losses
Rotor iron losses
Mechanical losses

3) Time definition

The time during which the test is performed, defined by:

e  Maximum evaluation duration
e Time step

8.4.3.5 Advanced input

There are no advanced inputs required for this test.
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