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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.

1.2 “ADVANCED TOOLS *

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.

HYPERSTUDY ~ FLUX2D  FLUX SKEW

Motor Factory - EXPORT area

Selection of the EXPORT area of Motor Factory.

Access the area “HYPERSTUDY “in which a connector can be made and be sent to Altair® HyperStudy®
Access to the area “REPORT” in which a report can be made

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

QB (W|IN(F
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2 MAKE A REPORT
2.1 Overview

The aim of the export is to quickly build and export, a report showing all the work achieved for designing and testing 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 Areato build the report

- RSN DOCUMENT ADVANCED TOOLS
B 3¢ | 7%

TEST 1|
HYPERSTUDY ~ FLUX2D  FLUX SKEW
EXPORT

©,

1 Design
1.1 Machine - Topology
11,1 Views

LL.1.1 Radial view

1.1.1.2 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

QB |WIN|F-

Buttons to validate inputs, display a preview and export a report
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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
3
REPORT 2 REPORT ?  REPORT ?
1. DESIGN 1. DESIGN
All
E‘EI Machine 2 W& @
Topology There are no items to display
=¥ Rotor
=F Bar 3. MATERIAL =0 Al
Design = [0 Lamination
EE"[?E;? £5 GUIAINTE [ rer.M330 354  REPORT
Impedance 5. EXPORT INFORMATION =0 Electrical conduc
Materials ] REF.Copper 1. DESIGN
8 Stator - - =0 Electrical insulat| 2. TEST
ESI;t i n m [J REF.Nomex_13(
Design ) 3. MATERIAL
winding = [ Fluid
2. TEST 4. ARCHIVE There are no items to display
3. MATERIAL -
5. EXPORT INFORMA | 5. EXPORT INFORMATION
4. ARCHIVE
5. EXPORT INFORMATION
1}/ ‘Dn
(5) (&
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.
3 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. They can be added to the report. (At the
4 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
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2.4.2 Selection of sections
- T DOCUMENT ADVANCED TOOLS
= rese SN A @
-- REPORT HYPERSTUDY  FLUX2D  FLUX SKEW
REPORT VIEW REPORT ?
1.2 Rotor - Bar - Desig a
1.2.1 views =63 an
1.2.1.1 Bar view = EM:::I;:Q
| Ny
=M End ring
@ Design
© impedance
=M Stator
=M siot
© Design
B winding
=8 Materials
& Materials
2. TEST
122 0atn —
p— o
— Name Valve I Marme Value Narse Value = T on
5 (ot B [Fe o o (e o
— -
1.2.2.2 General data
[ e Vaion I Ware [ Vel I Hame Value
[atarance | | | |
Motor Factory - EXPORT AREA — Export a report — Chapters to be selected
1 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

N\ ALTAIR
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2.5  Export information

REPORT

1. DESIGN

2. TEST

3. MATERIAL

4. ARCHIVE

5. EXPORT INFORMATION

ceoE

EXPORT PARAMETERS
Report name Report Ll
Export format PDF .
Destination folder C:\Users\username .
Attached to the motor |No o
Vv )
« | B

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”

OO |W|IN|F-

Button to export the report by considering all the previous defined parameters
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3 BUILD AND EXPORT A CONNECTOR FOR ALTAIR® HYPERSTUDY®

3.1 Overview

The aim of this export is to build a connector allowing Altair® HyperStudy® to drive Altair® FluxMotor® to perform optimizations of a motor
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”.

3.2 Area to build a

connector

Design
® =
Topalogy h
OT
Bar
o «
Ring Slot
@ i}
winding Masses
A
Maments of inertia Costs
Configuration
=2 =2
Inputs Settings
=
Winding & Cage
Main results
Working paint

REPORT

DOCUMENT ADVANCED TOOLS
2
«

'WORKING POINT - SINE WAVE - MOTOR - VOLTAGE-FREQUEN:

Al oo [

)
(S ~
120 b (T
FUXZD  pLux SKEW
ICY-
L]

‘with HyperStudy

of the motor

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

Overview of the resulting electromagnetic behavior

o=
+ Line-Linevoltage-U
+ Power supply frequency- f
- Speed-N

Outputs

+ Generaldata

+ Machine constants

+ Power balance

+ Fluxin airgap

+ Fluxdensityiniron

« Fluxdensityisovalues
» Temperatures

Settings

+ Thermal

+ Electronics
+ Mechanics

Iny

1. TEST SELECTION
Select the testto be performed
2. TEST CONFIGURATION
Definethe default values of the test inputs

3. PARAMETERS FORHYPERSTUDY
Choose the parameters to be considered

4. EXPORT INFORMATION
Finalize the export process

@

HYPERSTUDY 7
) Steady st @
2. TEST CONFIGURATION
3. PARAMETERS FOR HYPERSTUDY
4. EXPORT INFORMATION

Error in section [3. Parameters for HyperStudy):
At least one input parametegin blue) must be
selected to export a cannectdr.

(V][]

(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 inputs/outputs parameters

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

QB WIN|F

Buttons to validate inputs, display a preview and export the built connector for HyperStudy®
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3.3  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

34 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 in the center of the screen showing the main inputs to be considered.

@

- e DOCUMENT ADVANCED TOOLS
b |
1) = [/ - ~
'* = = /‘ '%;D K @
REPORT svpe Ao FLUXSKEW
EXPORT
SECTIONS WORKING POINT - SINE WAVE - MOTOR - VOLTAGE-FREQUENCY-SPEED HYPERSTUDY ?
Design 3 Parameters 1. TEST SELECTION
Topology Identifying a working pointdefined by L] Selttings Outputs Steady st.
supply voltage U, power supply frequency f and speed N * Thermal + Generaldata = 3
D with HyperStudy + Electronics + Machine constants @Sine wave - |
+ Mechanics + Power balance T
Bar + Fluxin airgap
Qverview of the resulting electromagnetic behavior Inputs + Fluxdensityiniron 2. TEST CONFIGURATION
ofthe motor + Line-Line voltage- U ) 5
0 Pled + Power supplyfrequency-f i'e“’:s:'r‘;(":{e‘z“"““ﬁ 3. PARAMETERS FOR HYPERSTUDY
Ring Stot SR 4. EXPORT INFORMATION
W7
@ m Error in section (3. Parameters for Hyperstudy):
At least one input parameter (in blue) must be
Winding Masses selected 1o export a Connector.
S &

Moments of inertia Costs s T
Configuration Selectthe testto be performed

== == 2 TESTCONFIGURATION
Define the defaultvaluesof the test inputs

inputs Settings.

@ 3. PARAMETERS FOR HYPERSTUDY
Choose the parameters to be considered

wiinding & Cage
4. EXPORT INFORMATION
Main results Finalize the export process

Working point

Motor Factory — EXPORT AREA — Export connector for HyperStudy®

1 Selection of a test to be performed by HyperStudy®
2 Displaying of general information (Overview) dealing with the selected test

N\ ALTAIR
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3.5  Test configuration

After selecting a test, the corresponding test inputs (settings and user inputs) must be defined.

for testing.

This allow to define the initial conditions

WORKING POINT

R oo

with HyperStudy

of the motor

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

Overview of the resulting electromagnetic behavior

Settings Outputs

* Thermal » Generaldata

+ Electronics + Machine constants
+ Mechanics « Power balance

» Fluxin airgap
Inputs ityini
L=rs . . F\uydens\tylnlrl}n
Line-Line voltage - U » Fluxdensityisovalues
« Power supply frequency- f + Temperatures
+ Speed-N

1. 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

HYPERSTUDY

2

1. TEST SELECTION
2. TEST CONFIGURATION

i =

Thermal  Electronics

Mechanics
*—

INPUTS

Line-Line voltage. rms (v}
Power supply frequency (Hz)

370.0
|s0.0

&50

Slip (%)
EE

3. PARAMETERS FOR HYPERSTUDY

4. EXPORT INFORMATION

Error in section [3. Parameters for HyperStudy]:
At least one input parameter (in blue) must be

selected to export a connector,

[B]

Motor Factory — EXPORT AREA — Export connector for HyperStudy®

1 Overview of the selected test is displayed

2 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.
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3.6

Parameters for HyperStudy®

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

3.6.1

Selection of design parameters

@ ® ©)

DESIGN DOCUMENT ADVANCED TOOLY
5] / - B
e EST = 7 ";u sk @
REPQRT R C AUX 2D FLX SKEW
EXPORT
SECTIONS. WORKING POINT - SINE WAVE - MOTOR - MOLTAGE-FREQUENCY-SPEED HYPERSTUDY ?
Design =] overview [1.1esT sevecnion |
[ -
® |= =
Topalogy ft
a o
Bar
Ring Slot
Winding Masses
Moments of inertia Costs.
== = ! ! '
Inputs Settings of | | E
=) HO (mm) a WO (mm) [=]
== o
o | | |
Winding & Cage o D2 (mm) a H(mm) [w]
a R2 (fmm) a W (mm) O
Main results: o S8 (mm) o
Working point v 1 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 - arrows (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 quick see what are input data and output data inside data tables.

Proprietary Information of Altair Engineering A ALTAI R
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3.6.2 Selection of test data

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

® ® @
- Dz:N Docem éDVANjDTOOL%Q »

L] )
= 20
REPORT FLUX2D LUK SKEW
EXPORT

SECITIONS. 'WORKING POINT - SINE WAVE - MOTOR - YOLTAGE-FREQUENCY-SPEED HYPERSTUDY ?

1. TEST seLEcTion |
- |2, TEST CONFIGURATION

End ring inductance tactor

0.C5. end ring resistance ()
©.C.5. end ring inductance (H)

|
a

End Fing resistance. avg i0) a €.5. end ring resistance (Q) 3. PARAMETERS FOR HYFERSTUDY
ju]

[End ring Inductance. avg (H) €.5. end ring Inductance (H)

ao
oo

SELECTED PARAMETE -

BarHS (mm)
Machine performance - Working point BarWT (mm)

==

’
O« e o — \ e
Ring slot

Masses

Cos

(=]

Mechanical torque (N.m) Speed (rpm) Pawer supply frequency (Hz) Working point:Mechanical torque (N.m)
Mechanical power (W) Machine electrical power (W) Machine total losses (W) Working point:;Power factor
Machine efficiency (%)
Slip (%)
Line current, rms (A}
Line-Line voltage. rms (v}
Machine constants |
Stat. current dens., rms (A/mm2)
Electrical loading. rms (4/m)
[Pawer balance |
IMachine total losses (W)
E @ Total Joule losses (W)
Tatal iron lesses (W)

Inputs settings [Mechanical losses (W)
Flux in airgap |
@ Flux density, ARV (T)
Flux / pole, ARV (WD)
Flus density in iron |
stator tooth, ma (T)
|Stator tooth, mean (T)
[ ] @ E Rotor tooth. max (T)

: Rotor tooth. mean (T)

Working point

Apparent power (VA1
Power factor

Phase current, rms (4}
Phase voltage. rms (v)

Reactive power (VA7)
Phase angle (deg)
Rotor current frequency (Hz)

ooogoo

| ‘ 4. EXPORT INFORMATION

Bar current dens., rms (A/mm.2) nter-bar current dens.. rms (A/mm2)

Power density (W/m3) .
stator Joule losses (W) Rotor Joule losses (W)
Stator irom losses (W) Rotor iron losses (W)

| I \

Flux density, peak (T)
Fluox / pole. peak (wh)

o

oo oDo®O0o00

Moments of inertia

Configuration

oo
oo

Flux density 15t harm., rms (T)
Fiux / pole 15t harm., rms (Wh)
Winding & Cage

Stator foot tooth, max (T)
Stator foot tooth. mean (1)
Rotor foat tooth, max (T)
Rotor foat tooth, mean (T)

Stator yoke. max (T)
Stator yoke. mean ()
Rotor yoke, max (T)
Rotor yoke, mean (T}

Main results:

oooogooooo00goo@oooooog

oooop oo
oooop oo

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).

Displaying of data which can be selected for HyperStudy® studies

Button to validate the previous choices

o0 B (WINF

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 quick see what are input data and output data inside data tables.

.\ ALTAIR
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3.7

Export information

The last step for building a connector for HyperStudy® is to define the export information.

There are three data to be defined:

The name of the connector
e The folder in which the connector must be stored

The last answer “Save iteration (Yes/No) “ allows to indicate if the results of HyperStudy® studies 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

they can be edited in Motor Factory very quickly.

-
IEY Test

- SRECRE

SECTIONS

Design

o Di®
A

2
H

H
4
&

®F
oI

e

Moments of inertia

Configuration

]
i@

Winding & Cage

Main results

il
ki

Working point

DOCUMENT

(4

REPORT

ADVANCED TOOLS

n |
‘_L)Z D .':5 K

FLUX2D  FLUX SKEW

'WORKING POINT - SINE WAVE - MOTOR - VOLTAGE-FREQUENCY-SPEED

1 o

Bar DC resistance (1) a

End ring resistance, avg () o /C.5. end ring resistance () u] 0.C.5. end ring resistance () o
nd ring inductance. avg (H) 8] lc.5. end ring inductance tH) 0 0.C.5. end ring inductance (H) &]
Machine performance - Working point

[General data o 7

Mechanical torque (N.m) Speed (rpm) (m) Power supply frequency (Hz) o
Mechanical power (W) =] Machine electrical power (W) u} Machine total losses (W) o
Machine efficiency (%) a \Apparent power (VA m] ReACTIvE POWEr [VAr) a
Slip (%) o Power factor (] Phase angle (deg) a
Line current, rms (A) a Phase current, rms (A) (m] Rotor current frequency (Hz) a
Line-Line voltage. rms (V) a Phase voltage, rms (V) o

|Machine constants | o |

Stat. current dens., rms (A/mmz) a Bar current dens. rms (A/mMm2) u] Inter-bar current dens.. rms (A/mm2) a
Electrical loading, rms (um) =] power density (wm3) a

Power balance | o |

Machine tatal losses (W) o

Total joule losses (W) =] Istator Joule losses (W) o Rotor Joule losses (W) o
Total iron losses (W =] Istator iron losses (W) o Rotor iron losses (W) o
iMechanical losses (W) a

Flux in airgap | a |

Flux density, ARV (T) u] Flux density 15t harm,, rms (T) u] Flux density, peak {T) u]
Flux / pole. ARV (Wb) a Flusc / pole 15t harm., rms (W) o Flux / pole, peak (W) a
Flux density in iron | o |

Stator tooth, max 1) u] [stator foat tooth, max (1) u] Stator yoke, max () u]
Stator tooth, mean (T) a |Stator foot tooth, mean (T) o Stator yoke, mean (T} a
IRotor tooth, max (T) a Rotor foot tooth, max (T) o Rotor yoke. max (T) a
[Rotor tooth. mean (T) a Rotor foot teoth, mean (T) (] Rotor yoke. mean (T) a

HYPERSTUDY

@

1. TEST SELECTION

| 2 TEST CONFIGURATION

3. PARAMETERS FOR HYPERSTUDY

®

I EXPORT PARAMETERS.

2

Connector name FistConnector
Destination folder | D:\ForHyperStudy

Save iterations Yes

@%@

Motor Factory — EXPORT AREA — Export connector for HyperStudy® — Export information

Tab to be expanded to define export information for HyperStudy®

Area in which the export parameters to be defined are listed

Button to validate the previous choices

O WIN(F

is stored.

Button to finalize the export of the connector. When one clicks on this button opened the folder where the connector

Proprietary Information of Altair Engineering
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Note: When data are missing in a third table “Parameters for HyperStudy®” for instance, an error message is written in red font and
indicates what is missing and where. If all the needed information is missing, exporting a connector is not allowed.

HYPERSTUDY %

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.

i M——e)

Motor Factory — EXPORT AREA — Export connector for HyperStudy® — Error message

1 Error message written in red font
2 The button to export the connector is not active if the needed data are missing

N\ ALTAIR
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3.8  Get back HyperStudy® results in FluxMotor®

All the motors resulting from the runs performed with HyperStudy® can be used back in Motor Catalog of FluxMotor® and then they can
be edited in Motor Factory very quickly.

© ©

@ Motor Catalog BOR
-m T - o
@6 § @ @ 8§ ®
- R
CATALOG EDIT NEW DUPLATE IMPORT DELETE ADD ADD ALL MPAR
CATALOG SELECTOR CATALOG : HftConnector - |MOTOR : EX2_run_00028 PERFORMANCE
REFERENCE CLASSIFICATION
= Synchrenous Maching Mator Fe2_run_00028
=-anduction Machine Catales HstConnector
Famnily Synchronous
Type Permanent magnet
Sub.type Inner rator
Elec. supp W network 3Phase
STATOR
Outer diameter fmm) | 140.0
Inner diameter (mm) 740
Length (mem)} 145.0
NO. Sl0tS 4
Library 05 PilTooth
Fart 05, PilTooth_050
Material REF.M330_354
Conductor material | REF.Copper
ARGAP |
USER | |Length tmen 1.0 |
= synchrenous Machine | Liser|
L pa-nnerRator-3Phase ROTOR
(Outer diameter (mm) |72.0
L iser_SM_BM_iR_30h Inner diameter imm)  [30.0
i PM-OuterRotor-3rhase Length (rmemi) 145.0
S indution Machine % Mo, poles "
4 S Innerfotor-3Phase Library Ims_Ring.
- S0 Outerfintor-1Phase Part ims_Ring 028
Material REF.M330 354
[Magnet material REF.NdFeB_1370_1273

©@0O0O0O0O0OO|:—w-

Topoio, None
CERPNUVECE £r2 un_00029  ErZrun_00030  Er2run 00031 EWZrun_00032 EM2run_00033 ErZrun_00034 EIZrun_00035 EL2_run_00036 |_D = B |

Material

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

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

WIN|F-
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3.9 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 when using the coupling for the first time.

7Z Register Solver Script - Altair HyperStudy™ (33.2033991 p o X
e Solyes Sespt - Ao Hypeoaidy - (3. 2085331) 72 Untitled - Altair HyperStudy™ 2020 (71.1868057)
Add Solver Script B remove e t File Edit View Tools Applications Help g!xpoﬂ
Label Varname Type Preference Path . CtrisZ = gyslem Arguments
B F
1 E
- :‘;;‘ - New (> trl+ jers  Messages =
Z L] View B
3 \‘\ M Approach:
afs 5] B e L
=
5 B
6% &1
7' E’ Register ... I
8/H Bl 5 Solver Script ° 1
— =
9 M 53 .
< User Utility E
1 51
5 i Optimizer r
n I¢
Bl L
2t E 7 External Fit -
1B F o Sktop\hst\scripts\pyt

15 FluxMotor fluxmotor C:/Program Files/Altair/2022.1/flux/FluxMotor/Scripts/win/FluxMotors.exe batch ${root filespec_resource}.py

<
C:/Program Files/Altair/2022.1/flux/FluxMotor/Scripts/win/FluxMotors.exe

Connection between FluxMotor® and HyperStudy®

1 Open the area in HyperStudy® to register FluxMotor® 2022.1 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 when using the coupling for the first time.
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4
4.1

BUILD AND EXPORT A MODEL IN FLUX® 2D ENVIRONMENT

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 provided 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
UL RN Working point Sine wave Motor U-f-N (Hairpin)

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

4.2

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

- DESIGN DOCUMENT
“__IB TEST

ADVANCED TOOLS

®

?Z-: 20 ‘:;i @
PO oo || eesnor o ke
WORKING POINT - SINE WAVE - MOTOR - U-F-N FLUX 2D ?
El siate | [irnsient
Exporta model for steady state AC magnetic application Settings s l—@
in Flux 20 environment = Thermal 2
" Mechanical
by bl - . . 2, TEST CONFIGURATION |
t‘lwurkmg point defined by supply voltage U, power supply anPi:l:-Linevo\uge-U 3. EXPORT INFORMATION |
frequency and speed g:ggjyl[‘equency-f
5
= ‘,-_. . lip (Nsymen — N)
it ‘. + Select the test to be modeled
—r= | Speed Define the default values of the testinputs
Finalize the export process
Motor Factory — EXPORT AREA — Export model for Flux® 2D environment
1 EXPORT area of Motor Factory.
2 Access to the area in which a model for Flux® 2D environment can be made
3 Zone to visualize the overview of the selected model to be exported
4 Click on the tab to select the application (HARMONIC or TRANSIENT)
5 Build the model to be used for exporting in Flux® 2D environment
6 Buttons to validate inputs before building the model in Flux® 2D environment.
7 Export the python file for building the model in Flux® 2D environment or launch the project directly in Flux® 2D.
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4.3  Steps to build and export a model to Flux® 2D environment

In EXPORT / ADVANCED TOOLS / FLUX 2D area one must indicate the application of Flux® 2D environment in which the model 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 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 user inputs is given.
3) Define the export information

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

FLUX 2D ?

e resen ()

BEwWorking point
BSine wave - Motor
2. TEST CONFIGURATION ¢

(3
3. EXPORT INFORMATION 074@)

»
™2p

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

AW|IN(F
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4.4 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

BWorking point
BSine wave - Motor
U--N
2. TEST CONFIGURATION

?
e e (D

3. EXPORT INFORMATION

\/=

O

-®
®

o=
(2D

E;

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

AlWIN(F

Button to validate the previous choices
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4.5

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

?

1. TEST SELECTION
2. TEST CONFIGURATION

|

i %

Thermal Mechanics

INPUTS bt

May. Line-Line voltage, rms (V) [370.0

Speed (rpm) &|14250
Power supply frequency (Hz) 50.0
Rep coil conduct No

i S

Mechanics

Thermal

INPUTS

Max. Line-Line voltage, rms (V)
Speed (rpm)

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

370.0
«|1425.0
50.0
0.0

1.5

3. EXPORTINFORMATION

v][S]

N
™z

@ ® @(“5

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.

g » [W|IN[F

Button to validate the previous choices

More details about the inputs and settings can be found at chapter 4.7
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4.6  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 ?

Static Transient m

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

INPUTS 9

!

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 opened the folder 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.

g » [ WIN|(F
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Note 1: When data are missing from the third section “Export information” for instance, an error message is written in red font and indicates
the missing data. If all the needed information is missing, exporting a model is not allowed.

FLUX 2D ?

Static Transient m

1. TEST SELECTION
2. TEST CONFIGURATION

3. EXPORT INFORMATION

INPUTS

File name Flux2DModel
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
1 Error message written in red 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.
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4.7  Available models to be exported and user inputs

471 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
TRANSIENT 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.

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

4.7.2.1 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.

(NSynch. - N)

slip =
NSynCh.

Speed
FNsyab e o\ | | /1 ]

2 % Ne
2 X Ngyneh

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.

4.7.2.2 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 machine) dealing with the test settings.
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4.7.2.3 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.

4.7.2.4 Advanced inputs

The lists of advanced inputs dedicated to this export are listed below.
For more details please refer to the section 4.7.5 - 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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47.3 Transient application — Working point — Sine wave — Motor — U, f, N
4.7.3.1 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.

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

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

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

4.7.3.3 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 (Nsyncn.) and rotor speed N:

_ (NSynch. - N)
s=——2 - 7
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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4.7.3.4 Advanced inputs

The list of advanced inputs dedicated to this export are listed below.
For more details, please refer to the section 4.7.5 - 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.

4,74 Working point — Sine wave — Motor - U, f, N - Hairpin
4.7.4.1 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.

4.7.5 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.
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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
you decrease the value of “Airgap mesh coefficient”, you reduce the size of mesh elements, 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 a need of huge numerical memory and increases the computation time
considerably.

47.6 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 /O
parameter “T_EM” in Flux® instead of the classical “TorqueElecMag()” predefined function.
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) BUILD AND EXPORT A MODEL IN ALTAIR® FLUX® SKEW ENVIRONMENT

51 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.

5.2  Areato build and to export a model to Flux® SKEW environment

- DESIGN DOCUMENT ADVANCED TOOLS
/ b 5
st T &= =
REPORT || WYPERSTUDY FLUXZD
EXPORT

'WORKING POINT - SINE WAVE - MOTOR - U-F-N FLUX SKEW T
[oaries | e [ e
. 1. TEST SELECTION
Export a model for steady state AC magnetic application Settings = L
in Flux Skew environment + Thermal -
« Mechanical

Solving scenario for the test 2 TESTCONFIGURATION

Working point / Sine wave / Motor / U f N Inputs

Aworking point defined by supply voltage U, power supply + Line-Line voltage - U 3. EXPORTINFORMATION

+ Supply frequency - f
frequency and speed + Speed - N
Vv
uf 4
4 -
N

{7 slip = (Nsynch. — N)
o RS =S
Ak (g 2 Nsynch 1. TEST SELECTION
o 3 Select the test to be modeled
$ 3 2. TEST CONFIGURATION
speed Define the default values of the test inputs
2% Nepua,
3. EXPORT INFORMATION
Finalize the export process

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

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

OO WIN|(F
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5.3  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 just 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” that “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 ?
m 2. TEST CONFIGURATION

Static Transient
1. TEST SELECTION ﬂ %
2. TEST CONFIGURATION o Thermal Mechanics
ﬂ % INPUTS
Thermal Mechanics Max. Line-Line voltage, rms (V) [370.0
Speed (rpm) «|1425.0
= Power supply frequency (Hz) 50.0
re—T— INPUTSV 3?0; @ [ []skew model - No. of layers 3
Ss:'edl?:;m';]ew age. ms (V) o4 42'50 Rotor initial position (deg) 0.0
- - . "
Power supply frequency (Hz) 50.0 /4\ Airgap mesh coefficient 1.5
3. EXPORT INFORMATION
Mass (5)

) N
sk

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

g » [ WIN|[F
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