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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
as well as for 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 functions “FLUX 2D”, FLUX SKEW allow to build and export a model in Altair® Flux® environment
(2D, or Skew) for performing advanced studies either with magneto static or transient applications.

REPORT SCRIPT FLUX2D  FLUX SKEW

EXPORT

Motor Factory - EXPORT area

1 Selection of the EXPORT area of Motor Factory.

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

3 Access the area “SCRIPT” for generating a python file in which all the needed command lines are written to rebuild the motor
4 Access the area “FLUX2D” in which a model can be made and sent to Altair® Flux® 2D

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

)\ ALTAIR
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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.

ngrFuclory * Automotive NewMotor | (SNl
DOCUMENT

- DESIGN ADVANCED TOOLS
K E % 2 2

~ D ~
TEST 1= (20 (sK

REPORT VIEW REPORT ?
i =@ al ® 4
Lbesen ° =8 Machine - O
1.1 Machine - Topology BEn I‘Opalogy
=8 Rotor
1.1.1 Views. SH Pole
& Design
1.1.1.1 Radial view B
& Damper
@ Classical winding
=M stator
=8 siot
@ Design
& Skew
@ Classical winding
=E Materials
o Materals
2.TEST
3. MATERIAL
4. ARCHIVE
6. EXPORT INFORMATION
——
o
Fig. 1 Radial view
1.1.1.2 Axial view IE

Motor Factory — EXPORT AREA — Export a report

Selection of the EXPORT area of Motor Factory.

Access the area in which a report can be made

Zone to visualize the report (= preview)

5 steps to build the report which user need

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

QB [(W(N[=

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 write dealing with the design.

2) Select the sections to write dealing with the tests.

3) Select the sections to write dealing with the materials.

4) Select the “saved test results” you want to add as archive in the report.
5) Define the export information.

Proprietary Information of Altair Engineering A A LTAI R
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p. 6
2.4  Section selection
2.4.1  List of sections available to build the report
(3)
REPORT ?  REPORT ? REPORT ?
1. DESIGN 1. DESIGN
2.TesT @
There are no items to display
Topology
=M Rotor 3. MATERIAL a0 Al
=M Pole » 4. ARCHIVE =0 Lamination REPORT ?
™ Design [0 REF M330_35A
M Skew 5. EXPORT INFORMATION =0 E. conductor 1. DESIGN
Damper [0 REF Copper 2 TEST
Classical winding V4 =0 E. insulator .
=M stator [0 REF Nomex_130 | 3. MATERIAL

=M slot
Design
M skew
Classical winding
=M Materials
Materials

2. TEST

3. MATERIAL

4. ARCHIVE

5. EXPORT INFORMATION

=0 Gas
[ REF Air

4. ARCHIVE
5. EXPORT INFORMAT

[v]

4. ARCHIVE

There are no items to display

5. EXPORT INFORMATION

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

Chapters to describe the DESIGN. Machine, Rotor and Stator characteristics.

Chapters to describe the TEST results. (TEST will be available in the next versions)
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 groups all the tests which have been saved during the process. These can be added to the report.
Note: A maximum of five results per test can be added to the report.

Button to apply the selection of the user input selections (selection of chapters)

oo W N =

Button to restore default values.
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2.4.2 Selection of sections

-ﬁ Motor Factary  * Autamative Newatar!

- pEsion DOCUMENT ADVANCED TOOLS
= B ) R )
H it = e M=
SCRIPT FLUx 20 FLUX SKEW
EXPORT

REPORT VIEW

1 Design

1.1 Machine - Topology [ ]
1.1.1 Views

1.1.1.1 Radial view

=0 gas
0 REF Air

|4.ARCHIVE

|9.E:FOKI

L1.1.2 Axial view

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

Section names are shortcuts for displaying the corresponding section of the report:

1 DESIGN, TEST, MATERIAL, ARCHIVE, EXPORT INFORMATION.
Note: TEST and ARCHIVE will be available later when one will be able to perform tests dedicated to Wound field
synchronous machines in Motor Factory.

2 Check the section to add chapters to the report

3 Button “Preview” considers the selected chapters and displays the report

Proprietary Information of Altair Engineering
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2.5 Export information

N

REPORT 7
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 . \@

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

Access to the area in which export parameters can be defined

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

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

A folder in which storing the report must be selected via the browser

It is possible to attach the report (HTML or PDF file) to the motor in the “Motor Catalog”

(OB [(WIN|—

Button to export the report by considering all the previous defined parameters

Proprietary Information of Altair Engineering
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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
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.

O

MO

QMIFM * Automotive NewMotor |

DESIGN DOCWENTI AADVANCED TOOLS

= = G
-m REPORT FLUX2D  FLUX SKEW

SCRIPT

EXPORT PARAMETERS
Script name Script
Motor name [Motor

Catalog name
Destination folder

[User_SM_WFISP_IR_3Ph
|cusers\avo

Htm-s?—

Script name

Motor python script automatic generation

The script contains all the commands to create a motor in the
current state (Design, Tests, Exports).
All the needed commands defining the motor are written in it.
Direct link to open Script Factory.

Inputs

« Scriptname
* Motor name
+ Catalognam

*Machine
*Rotor

o Stator
«Cooling
« Materials

—

Motor name
(Cataiog name
[Destnation folder

Scrpt

Motor
User_SM_WFISP_R_3Ph
CWsers\avo

[« [B]

e

rcaton
s
i
— * Document
g EXPORT et

(3]
[(51[G1 —

®©

Motor Factory — EXPORT AREA — Export a python script

1 In Motor Factory select EXPORT / SCRIPT environment.

The EXPORT / SCRIPT environment user inputs allow 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 export the resulting python file, and then to open it directly in the Script Factory

Proprietary Information of Altair Engineering
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4 BUILD AND EXPORT A CONNECTOR FOR ALTAIR® HYPERSTUDY®

4.1 Overview

The aim of this export is to build a connector, allowing Altair® HyperStudy® to drive Altair® FluxMotor® for performing motor optimizations
based on the computation processes embedded into FluxMotor®.

This can be done for an eligible test list by using input/output parameters defined in FluxMotor®.

Then, after having performing 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

O @ O

Qi Motor Factory = Newwtotort BOX
- s DOCUMENT ADVANCED TOOLS SysTEW
D = P 7 ) ) -
= = e 2
=) ] | & % | B ®
m REPORT  SCRPT FLUX2D  FLUX SKEW wr
SECTIONS WORKING POINT - SINE WAVE - MOTOR - FIEL ANGLE: (@€ N) HYPERSTUDY ?
Design 3| BRI persmeters 1. TEST SELECTION
® = . '
Topology Identifying a working point Settings Outputs R
defined by targeted field current If, current |, control + Thermal * Generaldata
Q angle ¥ and speed N + Electronics + Machine constants s
s + Mechanics + Power balance I
« Fluxin airgap
Overview of the resulting electromagnetic behavior Inputs P aenagkvon 3
O @ of the motor + Fieldcurrent-If g
+ Linecurrent-| Jppietorgue Ef map

3 « Fluxdensityisovalues
Controlangle - ¥ « AClosses 2. TEST CONFIGURATION

« Speed-N « Iron losses (stator, rotor)
: 3. PARAMETERS FOR HYPERSTUDY

°
H
5

4. EXPORT INFORMATION

iBr

A
SSH<=¥

g
H

B
N

Configuration

E= A%

inputs Settings
LX)
Winaings & Damper o000

Main results

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®

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

ABIWIN|=

J\ ALTAIR
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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®, 3 tests can be selected for Synchronous machines with wound field:

e Characterization / Model / Motor & generator / SSFR
e Working point / Sine wave / Motor / I-¥-N
e Performance mapping / Sine wave / Motor / Efficiency mapping

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

BEE
DOCUMENT ADVANCED TOOLS| SYSTEM
- ” v |y
€ = = & @
SECTIONS 'WORKING POINT - SINE WAVE - MOTOR - FIELD CURRENT-LINE CURRENT-CONTROL ANGLE-SPEED (BETA VERSION) HYPERSTUDY ?
® =1 =
Topology Identifying a working point ° Settings Outputs b
defined by targeted field current If, current I, control * Thermal + Generaldata =
Q ' angle ¥ and speed N + Electronics * Machine constants 8 |
Polé o o I I - I- Mechanics : E&tf;g:?:;e _
rerview of tl resulting electromagneti or nputs
O @ Oretgent of e resulting electromagnetic behavi . 'F’!':,,dmmm ‘, 0 :’i:;ldee‘r;srlg;ler\non sore
] + Fluxdensityisovalues *
Damper Field windng + Control angle- ¥ Ak 2. TEST CONFIGURATION
4 @ N *Speed=N « Iron losses (stator, rotor) 3. PARAMETERS FOR HYPERSTUDY
\N
Siot Windng 4. EXPORT INFORMATION
o~ Error In section 3 Parameters for HyperStudy)
;m S , — e i
& [v]
Costs ‘
Configuration- i\ "" 7l p N —
- P (]
- s JX|
® e
5 3
Windings & Damper XX}
Main results-
Motor Factory — EXPORT AREA — Export connector for HyperStudy®
1 Selection of a test to be performed by HyperStudy®
2 Display of general information (overview) dealing with the selected test

J\ ALTAIR
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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.

QU Motor Factory = Newwotort BoX
- o e
=) e g o) ®
REPORT  SCRPT
SECTIONS (BE N) HYPERSTUDY 1

'WORKING POINT - SINE'

2. TEST CONFIGURATION

® =
Topokogy Identifying a working point . Settings Outputs ] 9
defined by targeted field current If, current I, control * Thermal * Generaldata Themal  Electronics Mechanics
angle ¥ and speed N + Electronics + Machine constants i
+ Mechanics + Power balance
o « Fluxin airgap INPUTS
Overview of the resulting electromagnetic behavior Inputs : -
5 Y
O © of the motor < Fedeurenc SR |
Damper Field winaing + Control angle- ¥ : :I;;:::ssvlylsovalues [current censiy. ms (Amm2) _ &l64
« Speed-N |Control ange (deg) 450
P @ + Iron losses (stator, rotor) speed (rpm) 15000
|AC tosses analysis - Accurate
st winang Ripple torque analysis No
[ +

3. PARAMETERS FOR HYPERSTUDY
4. EXPORT INFORMATION

Er
®

H

DX

Moments of nertia

Error I section [3. Parameters for Hyperstudy]
Atleast one input parameter (n biue) must be
selected 10 eport a connector

o

Configuration

=]

setungs.

]

Winaings & Damper

Main results

Motor Factory — EXPORT AREA — Export connector for HyperStudy®

—_

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.

J\ ALTAIR
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4.6

This section allows to select the parameters which must be available for the optimization in HyperStudy®.

Parameters for HyperStudy®

These can be designed parameters, parameters to define the test conditions (inputs and/or settings) or test results.

4.6.1

Selection of design parameters

©

@

®

Q4 Motor Factory  Newnotort
’% - o
5
-
SECTIONS

Design
®
Topology
ORI
Poie
o O
Damper Fieia wnang
&* ()
st winang
& ¢
..
&
Costs
Configuation
= =
nputs Setings
&=
Winangs & Damper
D-aus operational inductance

¢ (mm)

o
o

DOCUMENT ADVANGED TOOLS SYSTEM
P [/ ) {
= ~ - {5
(AR RIS
REPORT  SCRIPT LWX20  FLUX SKEW wr
MODEL - MOTOR L
7| Overview

Salient pole

ooooo

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.

Proprietary Information of Altair Engineering
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4.6.2

Selection of test data

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

®®

[ER=0E]
- ey DOCUMENT ADVANEED TOOLS SYSTEM
7, b D . =
= h25 ek ()8
= € M = | 3
m REPORT SCRIPT LUX 20 FLUX SKEW wr
SECTIONS MOTOR -F| ANGLE-SPEED (BETA VERSION)
O ()
Damper Fleld winaing e hine ParToTaIcR S Working Pl
&7 () o | l [
ave () - [ —— O |eeecomequensy o o
st winang brechanical power (W) O [Mactene etectrcal powsr (W) O [stator lectical power (W) o ; .
- : o Machine total o Machine efficiency (%) o MO A et
P & SR tobesdsgod =l ik ] Woting pot Prase o
O [prase ange (ce) o
wasse Momerts of merts (3eg
el emeT O une current,ms (&) O [pnase cument ms (& o
é =] Line-Line voltage, rms (V) =] Phase votage, ms (V)
o
Costs IField cu 3 jmm?2 =] Current densty. rms (A/mm2 o Electrical loading. rms (A/m) o
Powsr gensey ( O romwa o
Configuration | o |
5]
0
5=E| = o o
N o o o
purs sen =1
o o o V1O
= 5 : : ——
o o o
Winfangs & Damper o o o
O |aaomonatosses vy o 7% .
3 Main results. | o =
L F frux densiy. vV m O Fiwcaensty 1stham. ms (7) o [5]
IFiux  pote. ARV (wb) O Furpole 1stham., ms (woy o o
Working poit gensity inkon (=
O [staortoon, mean(1) 5]
O [sutortootoain, mean(n) o
O [sttoryoke. mean(n) o
O [rotoryoke.mean(r o

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

ol 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.

J\ ALTAIR
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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:

The name of the connector

The folder in which the connector must be stored

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.

Qi Motor Factory  Newdotort B8 X
- G DOCUMENT ADVANCED TOOLS SYSTEM
- = [/ ) | ) | )
3 = £ .
- ~ (S P=3)3
=) Test €« = = B
m REPORT SCRPT FLUX2D FLUX SKEW wr
SECTIONS WORKING POINT - SINE WAVE - MOTOR - FIELD LINE ANGLE-SPEED (BETA VERSION) HYPERSTUDY ?
R ARG Parameters | 1. TEST SELECTION
@ + |2, TEST CONFIGURATION 1
Machine performance - Working point
Damper Field winding 3
ral data a1 I I [ |
¢ @ @ O |eectmcal trequency () o
4 [ EXPORTPARAVETERS @
siat wnang y ower (W o O |stator electrical power (W) o g EXEORTEARANETERS &
. . N O |eacrine stnctoner o Comectorname |HstConnector
% {apparent power (vA) ] o Control angée (deg) a Ecxnn{m’: folder (i\Ux:vx
ave teratons o
Masses Moments of inerta Jower tactor o Pase angle (deg) o
Fleld current (A) o Line current, rms (&) 0 Phase current, rms (A) [m]
é Fiela vortage () O |une-Line vortage, rms (v) O |pnase votage, ms () @ (Voo —
Jachine constants | o | | L
costs il curent aensty (a1 o Curent gensity, ms (Amm2) O |Eectcaitoadng, ms (um) o |
oer densty (Wikg 0 | oumay o
Configuration Poer baiance | o | | | | = =
poc osses (W o 7z |e=
=2 = o O [rwsoseiones o o
o b— st s Total (W O |stator douk bosses Totai- WAL W) O |stator oule losses Total- EW. (W) o
(n] o ‘Stator Joule losses DC - EW. (W)
@ ] ) Stator Joule losses AC - EW. (W)
o o Stator Joule 0SS ratio - E W
Windings & Damper Total ron losses (W) o o Rotor iron losses (W)
haecnanicai losses (W) o o /s
Main resuts Fuxin argap | o | | L] L]
@ Flux density, ARV (T) o Fiux density 1st harm., rms (T) o Flux density, peak (T)
: Flux / pole, ARV (Wb) O |Fuspote tstnam. ms wo) O [P/ pote. peak (wb)
Working pont Fuaxdensiy n von [ =] | |
stator tootn, max (1) O |statortootn, mean(T) o
stato foottootn, max () O |statortoottootn, mean(7) o
o Stator yoke, mean (T) o
fRotor yoke, max (1) O |Rotoryoke, mean (1) o I

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

Tab to be expanded to define the export information for HyperStudy®

Area in which the export parameters to be defined are listed

Button to validate the previous choices

Buttons to finalize the export.

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.

Button to finalize the export of the connector. When one clicks on this button, this opens the folder where the
connector is stored.

BIWIN|(—~

4b

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 color
font which 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 HstConnectar
Destination folder D:\ForHyperStudy
Save iterations Yes

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

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

N
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4.8

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

Get back Altair® HyperStudy® results in Altair® FluxMotor®

can be edited in Motor Factory very quickly.

©JO,

Emcm

.-mwﬁ -

oI NEW JATE  mPORT

%

EXPORT

'COMPARATOR
® @8 ?
O I
ADD ADD ALL

©)

COMPARE

GENERAL DATA PERFORMANCE

CATALOG SELECTOR CATALOG : Optim1 - MOTOR :{doe_1_run__00001
REFERENCE CLASSFICATION
o s 0.1
e o o
- Automotive_Transport_1 Famiy Synchronous
L oy s e i k188
& ccr - cenase e g s
8 vt sise STATOR
L 50 poeriot - onase T
akiontictis e mmeter 74009
#-S0Q - OuterRotor - 3Pnase oty i
e eyt
Conaductor material [REF Copper
USER ARGAP |
Synchronous Machine [Length (mm 30 |
§ v cimemone. v FITOR
Gt deny (Outer diameter (nm) 10340
 Seripmisnigiven | e
N0 poles 16
Uibrary User, '
e azn (Magnet matenal
BN .. o5 .. oo 115k . om0 0w 1700 coeL{ W00~ aoeLALNH D0 con L= conL 4L 00 [ SHAET |
Motor Catalog — Visualization of results got from HyperStudy®
1 A catalog is automatically built by using the name of the connector defined by the user.
2 All the test runs performed with 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.
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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) o X
) Add Soiver Script B re File Edit View Tools Applications Help { Export

Label Varmame Type Preference Path System Arguments.
| 1
2 { t.
| -2 View -
3 Approach
|

New fers  Messages £

O

Register ...
— Solver Script
| 9
10
|'n

1T

User Utility
Optimizer
12
| v External Fit
13
14 T

15 FluxMotor fluxmotor tair/2025/flux/ FluxMotor/Scripts/win/Fluxiviotors. exe

S VRV VR VI VI VI VI VR

e

; ] i <
C:/Program Files/Altair/2025.1/flux/FluxMotor/Scripts/win/FluxMotors.exe

Connection between FluxMotor® and HyperStudy®

1 Open the area in HyperStudy® to register FluxMotor® 2025.1 script

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

Note: FluxMotors.exe with a “s” at the end of FluxMotors.

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

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

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\2025.1\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

Z

& X

O @

Common Path Look Shortcuts Advanced
Default creation catalog path [CiUsersi ¥ | @
Default creation library path [CUserst. ¥ ] @
Default creation material path [CUsers\. T | @
Default Part Factary expert python file path [CWUsersi.\ | @)
Default source excel file patn [CUserst_ ¥ | @
Default source attachment file path [CWUserst_1 | @
Default export image path [CDserst_ 1 1 ®
Default expart repart path [CiUsersi\ 1 ®
Default export script path [CUsers_\ ] ®
Defauit export material path [CiTsers\ | @
Default HyperStudy connectar path CAUsers\_\ | ®
Default HyperStudy catalog path [causerst.\ @
Default expart to Flux path [CWserst..\ | @
Default Motor Factory working directary path IC'\,U;?E,ES,\,,\ __] @
Default LuT export comman path [CaUsers..\ | ®
Path To a C++ compiler (neded for FMU) CaUserst_\ | ®
Path to F (needed tor export)  [CiUserst\ | ®
Path to SimLab (needed for SimLab export) [CiUsers\ 1 | @
Path to Hyperstudy (nesded far Hyperstudy export) [CiUsersi\ o« FH
Path to Activate (needed for Activate export) [CiUserst v 1 ®
Path to PSIM (needed far PSIM xport) [CUsersi_ 1 ®

©)

Path to HyperStudy — Needed for HyperStudy export — It must be defined in the user preferences (Supervisor of FluxMotor)
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5 BUILD AND EXPORT A MODEL IN ALTAIR® FLUX® 2D 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 Altair® Flux® 2D

environment.

In the current version, models can be exported for static application or transient application in Altair® Flux® 2D environment.

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

Application Model family Package Convention Model / Test

STATIC Without solving scenario Current source Motor & Generator Basic model
Characterization Open circuit Motor & Generator Back emf

TRANSIENT Characterization Short circuit Motor & Generator TS e i Sirgle
Working point Sine wave Motor If-I-¥-N

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

DOCUMENT ADVANCED TOQLS

Tesr o R

REPORT SCRIPT FLUX SKEW

MOTOR -BACK EMF

Export a model for transient magnetic application
in Flux2D environment

Machine behavior when running in open circuit state

©

(]
Settings
+ Thermal

Inputs
+ Field current- If
+ Speed-N

| 3. EXPORT INFORMATION |

1. TEST SELECTION { & 01

Select the test to be modeled * >
2. TEST CONFIGURATION

Define the default values of the testinputs
3. EXPORT INFORMATION

Finalize the export process

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

Selection of the EXPORT area of Motor Factory.

Access 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 (STATIC or TRANSIENT)

3 steps to build the model to be exported for Flux® 2D environment

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

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

N WIN|=

J\ ALTAIR
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5.3  Steps to build and export a model to Flux® 2D environment.

In EXPORT / ADVANCED TOOLS / FLUX2D area, one must indicate that on which application of Flux® 2D environment, the models
must be built: static application or transient application.

Then, the 3 next steps are:
1) Define the type of scenario one wants to get in Flux® 2D environment (Test selection).
This means 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 done in the following sections.

3) Define the export information

The resulting models are fully parameterized, and these are built in Flux® 2D environment for static or transient applications.

FLUX 2D ?

e (D

Three / Two / Single phase

If--$-N
2. TEST CONFIGURATION

3. EXPORT INFORMATION ( : )

8 &
Motor Factory — EXPORT AREA — Export model for Flux® 2D environment
Select application (STATIC or TRANSIENT) in which the model must be built in Flux® 2D
Choose one scenario (or test) to be provided

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

BWIN[—=
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54 Test selection

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

FLUX 2D

?
ot

BCharacterization
B0pen circuit - Motor & Generator
Back emf
BShort circuit - Motor & Generator

Three / Two / Single phase

2. TEST CONFIGURATION

3. EXPORT INFORMATION

[=][5]

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

Selection of application (STATIC 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

BN =

Button to validate the previous choices

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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5.5

Test configuration

After selecting an application type (STATIC 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

?

1. TEST SELECTION

!

2. TEST CONFIGURATION

2. TEST CONFIGURATION

i

Thermal

INPUTS

Field current (A)

Line current, rms (A)
Control angle (deg)

Speed (rpm)

Conductors representation
No. comp. / elec. period

No. computed elec. periods
Rotor initial position (deg)
Mesh order

7~

12.017
7.54

45.0
1500.0
Basic circuit
50

2
Auto
2nd
15

Airgap mesh coefficient

i —1®
Thermal
INPUTS e @
Field current (A) 12.017
Line current, rms (A) 754
Control angle (deg) 45.0
Speed (rpm) 1500.0
Conductors representation Basic circuit
3. EXPORT INFORMATION
LGk O
Vo e

)
“ao

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 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
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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 last answer “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 and the number of slots.

FLUX 2D ?

statc

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

W
INPUTS @

!

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

VZ ecw! @
O—=&

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|=

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

FLUX 2D ?

m Transient Sinus.

1. TEST SELECTION
2. TEST CONFIGURATION

3. EXPORT INFORMATION

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

Error in section [3. Export information]
The path "C:\Users'aaaaaaa” does not exist

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

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

—_

Note: Exporting a model to Flux® 2D (i.e. provide the python file to build the model) can take a few seconds. This is since parameters
like initial position of the rotor must be computed first by using internal processes, and then the simulation scenario must be considered.
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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 (STATIC or TRANSIENT).
Then, for the tests in Motor Factory Test environment, the models are associated with a convention of operating (Motor or Generator)
and grouped into packages itself to get classified into model families.

In the current version of FluxMotor® four models can be exported to Flux® 2D environment:

Application Model family Package Convention Model / Test

STATIC Without solving scenario Current source Motor & Generator Basic model
Characterization Open circuit Motor & Generator Back emf

TRANSIENT Characterization Short circuit Motor & Generator gzgesee/ e i Sz
Working point Sine wave Motor If-I-¥-N

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

5.7.2  Without scenario — Current source — Motor and generator — Basic model
5.7.2.1 Positioning and objective

This export allows the users to build a model in Flux® 2D, static application to perform magneto-static and multi-static simulations.
User inpults like, field current, line current, and control angle are predefined to get quick access into Flux® 2D environment for performing
computations.

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

Jq

Basic Model - 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.

J\ ALTAIR

Proprietary Information of Altair Engineering



Altair® FluxMotor®2025.1 p. 26

5.7.2.2 Standard inputs

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

2) Field current
The current supplied to the field winding of the machine: “Field current” must be provided.

3) Control angle

Considering the vector diagram shown below, the “Control angle” is the angle between the electromotive force E and the electrical
current (J) (Y = (E, J)).

It is an electrical angle. The default value is 45 degrees. It must be set in a range of -90 to 90 degrees.
This range of values covers all the possible working point in motor convention.

Jay E

Motor
operating mode

Generator
operating mode

Definition of the control angle ¥ - Motor convention

5.7.2.3 Advanced inputs

The list of advanced inputs dedicated to this export are listed below.
For more details, please refer to the section 5.7.6 - List of generic advanced inputs.

1) Rotor initial position mode
By default, the “Rotor initial position mode” is set to “Auto”.

2) Rotor initial position

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

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

J\ ALTAIR
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5.7.3  Characterization — Open circuit — Motor & Generator — Back — emf
5.7.3.1 Positioning and objective

The aim of the test “Characterization - Open circuit — Motor & Generator - Back-EMF” is to characterize the behavior of the machine,
when running in open circuit state.
The resulting model is fully parameterized, and it is built in Flux® 2D environment, transient application.

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 active components: winding, damper bars, and end rings

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

5.7.3.3 Standard inputs

1) Field current
The current supplied to the field winding of the machine: “Field current” must be provided.

2) Speed
The operated speed of the machine to be used in the back-EMF test.

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 5.7.6 - 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
By default, the “Rotor initial position” is set to “Auto”.

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

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

J\ ALTAIR
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5.7.4  Characterization — Short circuit — Motor & Generator — Three / Two / Single Phase
5.7.4.1 Positioning and objective

The aim of the export “Characterization - Short circuit — Motor & Generator — Three / Two / Single Phase” is to characterize the
behavior of the machine, when running in short circuit state happening between three phases, two phases or a single phase.
The resulting model is fully parameterized, and it is built in Flux® 2D environment, transient application.

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.

5.7.4.2 Settings

One button gives access to the following setting definition:
e Temperature of active components: winding, damper bars, and end rings

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

5.7.4.3 Standard inputs

1) Type of short circuit

The type of short circuit can be chosen among a list of choice:
e Three-phase: the three phases of the stator windings are short circuited.
o Two-phase: the first phase and second phase of the stator windings are short circuited.
e Single-phase: the first phase of the stator windings is short circuited.

2) Field voltage
The voltage supplied to the field winding of the machine: “Field voltage” must be provided.

3) Speed
The operated speed of the machine to be used in the short circuit test.

4) Short circuit instant

The short circuit instant can cause different behavior of the short circuit transient curve. It can be chosen among a list of choice:
e Instant O: the linkage flux of the first phase winding is supposed to be maximum.
e Instant 1/4: the linkage flux of the first phase winding is supposed to be zero.
e Instant 1/2: the linkage flux of the first phase winding is supposed to be minus maximum.
e Instant 3/4: the linkage flux of the first phase winding is supposed to be zero.

A Linkage flux of the first phase winding

’ 1 electrical period

Time

© ® ) ®

Short circuit instant illustration
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5.7.4.4 Advanced inputs

The list of advanced inputs dedicated to this export are listed below.

For more details, please refer to the section 5.7.6 - 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 electric periods in open circuit
The default value is equal to 1. The minimum allowed value is 0.

3) Number of electric periods in short circuit
The default value is equal to 2. The minimum allowed value is 1.

4) Rotor initial position
By default, the “Rotor initial position” is set to “Auto”.

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

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

Proprietary Information of Altair Engineering

J\ ALTAIR



Altair® FluxMotor®2025.1 p. 30

5.7.5 Working point — Sine wave — Motor - If, I, ¥, N
5.7.5.1 Positioning and objective

The aim of the test “Working point — Sine wave — Motor - If, I, ¥, N” is to characterize the behavior of the machine when operating at
the targeted input values If, I, ¥, N (Magnitude of current, Magnitude of field current, Control angle, Speed).
Hence, these three inputs are enough to impose a precise working point.

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

“Working point — Sine wave — Motor — If, |, ¥, N” illustration

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 the measurements and those with the 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.

5.7.5.2 Settings

One button gives access to the following setting definition:
e  Temperature of active components: winding, damper bars, and end rings

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

Proprietary Information of Altair Engineering A A LTAI R



Altair® FluxMotor®2025.1 p. 31

5.7.5.3 Standard inputs

1) Field current
The current supplied to the field winding of the machine: “Field current” must be provided.

2) Line current, rms
The line current supplied to the machine: “Line current, rms” (Line current, rms value) must be provided.

7) Control angle

Considering the vector diagram shown below, the “Control angle” is the angle between the electromotive force E and the electrical
current (J) (¥ = (E, J)).

It is an electrical angle. The default value is 45 degrees. It must be set in a range of -90 to 90 degrees.
This range of values covers all the possible working point in motor convention.

Jas E
. . ¥=0
Working point .=
= |
Motor
operating mode ;
¥ =90/

Generator
operating mode

Definition of the control angle ¥ - Motor convention

8) Speed
The imposed “Speed” (Speed) of the machine must be set.

9) 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 these.

Three choices are possible:

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

Proprietary Information of Altair Engineering A A LTAI R



Altair® FluxMotor®2025.1 p. 32

5.7.5.4 Advanced inputs

The list of advanced inputs dedicated to this export are listed below.
For more details, please refer to the section 5.7.6 - 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.

10) 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.

11) Rotor initial position
By default, the “Rotor initial position” is set to “Auto”.

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

13) Airgap mesh coefficient
Airgap mesh coefficient is set to 1.5 by default.
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5.7.6 List of generic advanced inputs

1) Number of computations per electrical period

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. This default value provides a good balance between the accuracy of results
and computation time.

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

3) Rotor initial position
By default, the “Rotor initial position” is set to “Auto”.

When the “Rotor initial position mode” is set to “Auto”, the initial position of the rotor is automatically defined by an internal process.
The resulting relative angular position corresponds to the alignment between the axis of the stator phase 1 (reference phase) and the
direct axis of the rotor north pole.

When the “Rotor initial position” is set to “User input” (i.e. toggle button on the right), the initial position of the rotor considered for
computation must be set by the user in the field « Rotor initial position ». The default value is equal to 0. The range of possible values
is [-360, 360].

For more details, please refer to the document: MotorFactory SMWF_ISP_IR_3PH_Test_Introduction — section “Rotor and stator relative
position”.

4) Mesh order

To get the results, the computation is performed using a Finite Element Modeling. The geometry of the machine is meshed.
Two levels of meshing can be considered for this finite element calculation: first order and second order.
This parameter influences the accuracy of results and the computation time.

By default, second order mesh is used.

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, thus 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) is described as:
Mesh Point = (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, which increase the respective
computation time considerably.
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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.

All the models to be exported are first classified by considering the type of application for which they are built (STATIC or TRANSIENT).
Then, for the tests in Motor Factory Test environment, the models are associated with a convention of operating (Motor or Generator)
and grouped into packages itself to get classified into model families.

In the current version of FluxMotor® three models can be exported to Flux® SKEW environment:

Application Model family Package Convention Model / Test

STATIC Without solving scenario Current source Motor & Generator Basic model
Characterization Open circuit Motor & Generator Back emf

TRANSIENT Characterization Short circuit Motor & Generator ;2;9;/ e lglls
Working point Sine wave Motor If-I-P-N

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

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

Y & O 2

[SRRE)
DOCUMENT ADVANCED TQOLS
— p 2
5 & @
REPORT SCRPT FLUX 20
'WITHOUT SOL SOURCE -MOTOR MODEL FLUX SKEW ?
overview | ETI it @
Export a model for static magnetic application =
In Flux skew environment T
°

Inputs 2.TEST
+ Linecurrent-I

+ Field current - If
+ Controlangle- ¥

i

1. TESTSELECTION

Select the testto be modeled
2.TESTCONFIGURATION

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

Finalize the export process

Ji'S If
LI Xl Jz:
)

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 (STATIC 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.

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

N|O||R[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 if 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.

2. TEST CONFIGURATION
FLUX SKEW ?
sse i

Thermal

1. TEST SELECTION

|

MARKY 5

2. TEST CONFIGURATION INPUTS
Speed (rpm) 1500.0
ﬂ [I1Skew model - No. of layers 3
No. comp. / elec. period 50
Thermal @ No. computed elec. periods 2
Rotor initial position (deg)  ®—|Aut
INPUTS @ Mesh order 1st
Speed (rpm) [1 500.0 /—\ Airgap mesh coefficient 1.5
4 —
3. EXPORT INFORMATION u

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 ([WN|[=-
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7 EXPORT TO SYSTEM

71 Overview

The area SYSTEM, in the EXPORT environment of Motor Factory, allows exporting data like constants, curves and maps in lookup
table (LUT) formats, such as FMU and MAT format files.

In the current version, the test Characterization/Model/Maps can be selected for exporting the data.

Constants, curves and maps” given in Js-Jq plane, for characterizing the 3-Phase synchronous machines with wound field
are computed and exported.

These files can be imported directly into environments like Altair® Activate®, Altair® Compose® or Altair® PSIM® as binary variables files
(.mat) or inside block functions, ready to be integrated into schemes to represent the model of the corresponding rotating electrical
machine.

These functionalities are useful to represent the machine at the system level. Therefore, electrical machine and other system
components, such as the drive and the control command, can be represented and simulated altogether into the same area.

Note: This functionality is not implemented for polyphase machines. It will be addressed in a future version.

7.2  Areato export LUT

- Gy TOOLS SYSFEM
= = P . y 1% ) N o
] et € = = | & ®
REPORT  SCRIPT HYPERSTUDY FLUX2D FLUXSKEW
EXPORT
CCHARACTERIZATION - MODEL - MOTOR - MAPS Lut %
[eersascro
® 3
2. TEST CONFIGURATION
2D maps defined in the J4- ), area Settings Outputs 3. EXPORT INFORMATION
+ Thermal + Coupling fluxes - @, @,
Export machine maps, curves and constants like lookup table + Electronics + Dynamicinductances r
= gMU and MAT fofmat files P « Mechanics + Dynamic cross inductances | v 5
. S d - =
Allow to evaluate the machine behavior with its drive and Inputs . E::;K?o:::im“
control system in Activate, PSIM... : m::v!ne::fr’:ntw... « Joule &ironlosses
= e’mf‘: ot + Mechanical losses
bk £ + Totallosses E]
+ Magnetflux
A + Windingresistance
Noe + Endwindinginductance

" P — SR | 15T ScLECTION
K ¢ Sy ‘e 5 Select the test to be modeled
X = 4 2. TEST CONFIGURATION
N\ i f Define the defaultvalues of the testinputs
N.Y
af IS 3. EXPORT INFORMATION
e o4 f': Finalize the export process

Motor Factory — EXPORT AREA — Export data in LUT formats.

Selection of the EXPORT area of Motor Factory.

Access the area (SYSTEM) in which data can be exported in lookup table (LUT) formats.
Zone to visualize either the overview of the selected test

3 steps to compute and to export LUT data

Button to validate inputs, display a preview and export the data.

A (WIN|—=
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7.3  Steps to build an export LUT

7.3.1 Introduction

In EXPORT / ADVANCED TOOLS / SYSTEM area, 3 steps are needed to build and export data:

1) Select the test which will be performed for building data to be exported.
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 type (FMU or MAT formats) and information.

7.3.2 Test selection

In the current version of FluxMotor®, one test can be selected:

e  Characterization / Model / Motor / Maps

7.3.3 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.
CCHARACTERIZATION - MODEL - MOTOR - MAPS Lur ?
5 |
LuT ?
2D maps defined in the J4-Jq area Settings Outputs 1. TEST SELECTION
+ Thermal « Coupling fluxes- ®, @,
Export machine maps, curves and constants like lookup table + Electronics + Dynamicinductances g RATIO
in FMU and MAT format files + Mechanics . SDynamw;uossmduﬂan(es
Allow to evaluate the machine behavior with its drive and Inputs E‘::,';'?of;im“
control system in Activate, PSIM... * Max.linecurrent-1,,, « Joule &iron losses
+ Max.speed-N,,. SR
ety e « Mechanical losses ﬁ x % E9H
peratingqu « Totallosses =
« Magnetfi +
S Wi e Thermal ~ Electronics Mechanics Iy
+ Endwindinginductance
INPUTS

Max. current dens., rms (A/mm2) &

Maximum speed (rpm)
Rotor position dependency
No. computed elec. periods

1st& 2nd
2nd & 3rd
All
I

Operating quadrants

Max. field current density (A/mm2§<°|5.1
Max. current dens., rms (A/mm2) & (6.4 o

1st & 2nd

Mesh order

No. computed elec. periods 1
No. comp. / elec. period « |40
NG, comp. 1or Ja, 39 1)
No. comp. for If 6
No. comp. for speed 10

Rotor initial position (deg) —|Aut

Airgap mesh coefficient 15

2nd

3. EXPORT INFORMATION

Motor Factory — EXPORT AREA — SYSTEM — LUT / Test configuration for Characterization / Model / Motor / Maps

Overview of the selected test is displayed

User inputs can be defined in the test area.

User’s inputs to export data based on 1, 2 or 4 quadrants

BIWIN|—~

User’s inputs to export data with respect to the rotor position dependency.

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.

Note: Operating quadrants

Export / System LUT (Activate or PSIM) allows exporting data based on 1, 2 or 4 quadrants.

This user’s input defines the quadrants in the J4- Jq plane, where the test will be carried out. By default, the only considered quadrant is
the 15t & 2" one (i.e., the grid is defined for negative and positive values of the current in the d axis and positive ones in the q axis). This
corresponds to the motor behavior of the machine.
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The other possible values for this input are: “2nd and 3rd “, “1st and 2nd “and “all”. Options allow computing and displaying 1, 2 or 4

quadrants.

Note: Rotor position dependency

Export / System LUT (Activate or PSIM) allows exporting data with respect to the rotor position dependency.
This user’s input defines the rotor position dependency, where the test will be carried out. By default, the rotor position dependency is set
to “No” but it can be set to “Yes”. In this case the computation will be done in the J4- Jq plane with an additional fourth axis corresponding

to the rotor position 6.

In case the rotor dependency is set to “Yes”, whatever the operating quadrant choice, the finite element computation is done over all

selected quadrants (in case the rotor dependency is set to “No”, symmetries are used).

7.3.4  Export information

The last step for building and exporting data in FMU format files is to define the export information.

Three inputs must be defined:

The name of the directory in which the created files will be stored

The format of the file to be exported. Three options are available: FMU for Activate, FMU generic and MAT file - for Activate and

PSIM.
e  The destination folder in which the previous directory will be located

- DESIGN TOOLS SYSTEM
B TesT 7 % % | = @
-- REPORT SCRIPT HYPERSTUDY FLUX2D FLUX SKEW
EXPORT
CHARACTERIZATION - MODEL - MOTOR - MAPS
[overvew |
2D maps defined in the J4- ], area Settings Outputs
« Thermal «+ Coupling fluxes - @, @,
Export machine maps, curves and constants like lookup table * Electronics * Dynamicinductances
in FMU and MAT format files paehic S DY crossictCamons
Allow to evaluate the machine behavior with its drive and Inputs + Emag, Torque 7\/7
control system in Activate, PSIM... + Max.linecurrent-1.,, + Joule &iron losses
: g;;:ﬁ:;‘;;":aam + Mechanical losses
* Totallosses 1
et (6] '—@
+ Endwindinginductance
K | o g gs ‘e - Select the test to be modeled
e, Y.
e/ Define the default values of the testinputs
) S ] é E 3. EXPORT INFORMATION
Y o 1 Flmllzuheexpmpro(ess
) i/
Motor Factory — EXPORT AREA — SYSTEM — LUT / Export information
1 Tab to be expanded to define the export information
2 Area in which the export information of parameters to be defined are listed
3 Button to validate the previous choices
4 Button to finalize the export of the data files. One click opens the folder where the directory is located
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7.4
7.4.1

FMU format files
Compatibility

Two packages of FMU format files are automatically provided, one dedicated to Activate® and another one compatible with other
system simulation tools.

Hence, the user will be able to select the required system simulation tool without any problem of compatibility. One of the main
differences between the two files is how the units are managed in the name labels (See below illustrations).

—» Jd(A)

2\ Altair FluxMotor”

FMU Information 22151
FMU attributes
Attrbute.
= General Information
fmiVersion
madelName
description
generationTool
generationDate And Time
numberCfEventindicators
variableNamingConvertion

fmi

FUNCTIONAL
Jq(A)MOCK'I.'P
INTERFACE

& Model Exchange
modelidentifier

Vartables
Name

Jd(A) 1
JatA) 2
Stid(H) 3
interpol 4
5
6
7

FMData

[Crmscme ]

FMU_GENERIC

Curent_defintion_mode
Max_ine_cument_ms_{A)
Max_cument_dens,_ms_(A/mm2)
No_comp_for_Jd._Jq

Madimum_speed_(pm) 9
Na_comp_for_speed 10
Themal_salving n
Winding_straight_pant_temperature_('C) 12
C5_end_winding_temperature_(T) 13
OCS_end_winding temperature_('C) 14

Value

20

FMUData_DStatinductance

Aftair Engineering FMUData_DStatinductance
— " Copynght {C) 2017 Altair Engineering - Al ight reserved - Versio_

2021-03-03T11:51:012
0

structured

FMUData_DStatinductance

®a

Name.

~ | = Varable

name
valueReference
causalty
vansbilty
datatype
declared Type

Description
Jdid)

1
input
continuous

Real
Modelica. Electrical Analog Interfaces.Pin

Cose

Exported FMU format files dedicated to Activate®

—»

FMU Informaton  ©
FMU atirbutes
Atribute
= General Information
fmiVersion

2\ Altair FluxMotor"
Jd(A)

I ' I ll
- --l
FUNCTIONAL
Jq(A)MOEK-UP
INTERFACE

modelName

descrption

generationTook

generationDate AndTime

numberOEventindicators

variable NamingConvention
= Model Exchange
modelidentfier

Varsbles
Name
WAL
Ja A
Stld_H_

FMData
FMU_ACTIVATE
repal

FMU_GENERIC ———————= Current_defintion_mode
Max_line_cument__ms__A_
Max_cunent_dens__ms__A_per_im2_
MHo_comp_for_id__Jq
Masimum_speed__mpm,_
Ho_comp_for_speed
Themmai _solving
Winding_straight_part_temperature_d_
CS_end_winding_tempersture_ deg C_
OCS_end_winding_temperature__deg_
Magret_tempersture_Tmag_deg C_
Rotor_intial_postion_deg_

Vale

20

FMUData_DStatinductance

Aar Engineenng FMUData_DStatinductance
————————————— Copyright {C) 2017 Altair Engneening - All ight reserved - Versio

2021-09-03T11:50:562
o

structured

FMUData_DStatinductance

M Q| Name

= Variable
name
walueReference
causalty
wanabiity
datatype
deciaredType

Descrption
ES
1
gt

contruous

Modelica Bectical Analog Interfaces Pin

Exported FMU format files (Generic) compatible with other system simulation tools
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7.4.2 A C/C++ compiler is needed
7.4.2.1 C/C++ compiler / System requirements

FluxMotor® requires a C/C++ compiler to perform some operation for creating FMU blocks.
Here is the list of the Visual Studio compilers supported:

Microsoft® Visual Studio 2019, Community, Professional, Enterprise

Microsoft® Visual Studio 2017, Community, Professional, Enterprise

Microsoft® Visual Studio 2019/2017/2015: Build Tools
Note: the option for Windows 10 SDK must be selected

Microsoft® Visual Studio C++ 2015 (VC 14.0 Express, Community and Professional)
Important Remark

The table above proposes different versions of Microsoft Visual Studio. Make sure the version you install is approved by your IT
department and you have the right license (e.g. if you decide to use Professional Edition, a license is required)

7.4.2.2 Access path of the C/C++ Compiler

Once the C/C++ Compiler is installed on the computer, its access path must be specified in the user’s preferences.

Note: When opening FluxMotor®, if a C/C++ Compiler is already installed on the computer, the corresponding install path is automatically
written in the user’s preferences.

QR oz @ A

Common Path Look Shortcuts A

Default HyperStudy connector path

Default HyperStudy catalog path

Default export to Flux path

Default Motor Factory working directory path

Default creation catalog path [C\Usersi{ | @
Defauit creation library path ] @
Detault creation material path ] @
Default Part Factory export python file path | @
Default source excel file path | @
Default source attachment file path [C\Userst_ | @
Default export image path [Ciserst 1 ®
Default expart report path [CUsers:. ] @
Default export script path [CUserst_ | @
Default export material patn [CiUsersi ¥ | @
1 @

@

6]

@

@

Default LuT export comman path

Path To a C++ compiler (needed for FMU)

%
®

Path to f (needed for f eport) [ CUsersl.\
Path to SimLab (needed for SimLab export)

Path to Hyperstudy (needed for Hyperstudy expart)

Path to Activate (needed for Activate xport)
Path to PSIM (needed for PSIM export)

[CICICACIC)]

@

FluxMotor® / Supervisor / User’s preferences / Location of the C/C++ Compiler

1 The Preferences dialog box is opened from the FluxMotor® supervisor.
2 Second tab is Path Preferences.
3 Define the location of the C/C++ Compiler on the computer

J\ ALTAIR
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Here below is a list of files to select in the installation directory (path) according to the Visual Studio version installed:

Visual Studio 2019,
Community

C:\Program Files (x86)\Microsoft Visual Studio\2019\Community\VC\Auxiliary\Build\vcvarsall.bat

Visual Studio 2019,
Professional

C:\Program Files (x86)\Microsoft Visual Studio\2019\Professional\VC\Auxiliary\Build\vcvarsall.bat

Visual Studio 2019,
Enterprise

C:\Program Files (x86)\Microsoft Visual Studio\2019\Enterprise\VC\Auxiliary\Build\vcvarsall.bat

Visual Studio 2017,
Community

C:\Program Files (x86)\WMicrosoft Visual Studio\2017\Community\VC\Auxiliary\Build\vcvarsall.bat

Visual Studio 2017,
Professional

C:\Program Files (x86)\Microsoft Visual Studio\2017\Professional\VC\Auxiliary\Build\vcvarsall.bat

Visual Studio 2017,
Enterprise

C:\Program Files (x86)\Microsoft Visual Studio\2017\Enterprise\VC\Auxiliary\Build\vcvarsall.bat

Microsoft® Visual Studio
C++ 2015 Express

C:\Program Files (x86)\WMicrosoft Visual Studio\14.0\VC\Build\vcvarsall.bat

Microsoft® Visual Studio
C++ 2015 Community

C:\Program Files (x86)\WMicrosoft Visual Studio\14.0\VC\Build\vcvarsall.bat

Microsoft® Visual Studio
C++ 2015 Professional

C:\Program Files (x86)\Microsoft Visual Studio\14.0\VC\Build\vcvarsall.bat

Microsoft® Visual Studio
2019, Build Tools

C:\Program Files (x86)\Microsoft Visual Studio\2019\BuildTools\VC\Auxiliary\Build\vcvarsall.bat

Microsoft® Visual Studio
2017, Build Tools

C:\Program Files (x86)\Microsoft Visual Studio\2017\BuildTools\VC\Auxiliary\Build\vcvarsall.bat

Note that the executable command is detected if the Visual Studio is already installed before or if the preference is set to an empty value

and then reopening the preference.
7.4.3 Import FMU data in Altair® Activate®

Once FMU files are generated by FluxMotor®, these can be imported in environments like Activate®.
This section explains how FMU files generated from FluxMotor® are used in Activate®.
The FMU file of the D-axis flux is taken as an example.

First, Activate® is opened.

Either start creating a new project via a new modeling window or open an existing scm file.

To use FMU files from FluxMotor®, locate the FMU block in the palettes of the System library.

1) Select View > Palette Browser

Palette Browser il Baf@a X
= Palettes »
Activate Communicate

% (|

Modelica HydraulicsByFluidon

HyperSpice

The Palette Browser displays the installed library palettes.

2) Double-click Activate® > CoSimulation.
The Palette Browser displays the blocks available in the CoSimulation palette.

3) Select the FMU block, then drag and drop it into the modeling window.
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One can also write down “FMU” in the quick search field.

4) Double-click on the FMU dragged in the modeling window, or right-click, and from the context menu, select Parameters.

[ fmu

FUNCTH

FMU flename

ortruous 2aes

Number of rputs
rput ports

Number of outputs
Output ports

Number of parameters
Reload fle
FMU Documentaticn

Generdl Porameters  Advanced  Repoting)

0

DO G T T e o B T
UNIT

Model Exchange  Co-Smudation

@ X
(=]
Drect dependency vector for the ingut
Datatype
& ¢ Cancel
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Then:

e In General parameters > FMU filename, indicates the path to the D-axis flux FMU (the directory in which the FMU file is located).

e All the information regarding the D-axis flux FMU appears along with a new content under the name parameters appears.

In this area, you can set the boundaries of the quadrant by choosing a value from 0 to 3.

These boundaries reflect the FMU response when the user is outside the quadrant in which the calculations were made.

The meaning of each value is listed in the table that follows:

Value Meaning

0 NAN

1 Zero

2 Hold

3 Linear extrapolation

All the information related to the resolution of the test map can be seen by clicking on the info tab.

Advanced

D AR RR R R R S AR R R R R R R B R R R R R R R R R R R AR BR SRR BERSS

FUNC General Parameters Repoting . | Model Exchange  Co-Simulation
MOCH
UNIT  FMU filename ‘D /bidouche/Bxpot_FMU/lssue_FMU/FIMU/DPuxData/FMU/FMUData_DFu fru’ (=}
contruous ate
Number of inputs 2
Foutpots. U
) artributes
Nes D Detaty Direct de
me escrption yoe e
[riRea 1 & General Information
‘ " fmiVerson
medelName
Number of outputs 1 dozerption
generationTool
A ceneraticnDateAndTime
Name Descrigtion Datatypr rumberOfEvent ndicators
it eal vanableNamingConvertion
= Model Exchange
Nuber of perameterss 1 modalidentfior
Parameters
Name Descaption Datatype Unet
rtemol 3 0
Feoad fle Reboed
FMU Documentation Show. Venzbies
o | |Namo hdox
A 1
KA 2
Prid(Wb) 3
interpol 4
Cumert_definlicn_medz 5
Mac_Ine_curent,_me_(A) 6
Max_curent_dans,_ms_(A/mm2) 7
No_comp_for M. Jq 8
Madmum_speed_(mpm) S

No_comp_for_speed 10
Magnet_temperature_Tmag_('C) "
Windng_straight_part_temperature_(C) 12
CS_end_windng_temporature_('C) 13
OCS_end_windng_temperature_('C) 14

Vale

20
FMUData_DRx
Abar Engneerng FIMUData_DAwx

Copynght (C) 2017 Akair Engineenng - Al right reserved - Versio..

2020-1203708:13:172
0
sructured

FMUData_DRax

R Q[ Nome

~ |3 Varable
nare
valueReference
causaly
vaniabity
datatyre
deciaedType

Descapbon
A

Inpt
contnucus
Re:

al
Modelca Bectrcal Analog Itedfaces Pn

The FMU generated will have its inputs and outputs. The D-axis flux FMU in Activate® will look like this:

2\ Altair FluxMotor”

.V a
0/

Jdia)

fmi

FUNCTIOMNAL
JQ[A} MOCK-UP
INTERFACE

Phid(Wb)

Along with FMU files, an oml file, that contains important constant values of the test map is generated. These values can be loaded and
used in the Activate® model by executing the oml file.

This oml file could be read in Activate® diagram home by indicating its path, and using the function execution as follow:

run('D:\UserFolder\Export_FMU\FMU_AD\oml\constants.oml')
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MAT format files

Introduction

7.5
751

Once MAT files are generated by FluxMotor®, they can be imported in environments like PSIM® Activate® or Compose®.
This section explains the folder structure and the files generated by the export format “MAT — PSIM — Activate”.

The export generates a folder named according to the user choice. Inside it, two different folders can be found:

e A folder “FMData”, containing several “.txt” files. Each file stocks the information about one exported variable (e.g., fluxes or
inductances):

constants.txt DCrossDyninductance.txt DDyninductance.txt DFluxtxt
Text Document Text Document Text Document Text Document
500 bytes 156 KB 55 KB 154K8
DStatinductance.tbct IronLosses.txt JouleLosses.txt MechanicalLosses.txt QCrossDyninductance.txt
Text Document Text Document Text Document Text Document Text Document
155 K8 05 KB 55 KB 652KB
QStatinductance.txt Torque.xt

QFluxxt

QDyninductance.txt
Text D ocument

ocument

Text Document
55 KB

Text Document

1.54 KB

These files have the same format as the results exported from the FluxMotor test Characterization / Model. An example of the
file containing the Joule losses is shown below.

] JouleLosses.xt - Notepad

File Edit Format View Help
kexport_details
#Software_source: AltairFlusiotor
#Version: 2022.2.0

#tiotor Nane: Nissan_Leaf
#Catalog Name: User_SM_PM_IR_3Ph
#Family: Synchronous

#Type: Permanent magnet
#Sub-type: Inner rotor

#No. phases: 3.0
#End_export_details

#Table_nane=Input_Joulelosses
#Table_format=KeyValue
#Version=1.0

#

#Ttem_nunber=12
#

#---General Parancters--—-
Current_definition_mode=Current
Max_line_current,_rms_(A)=+3. E+02
Hax_current_dens, _rms_(A/mm2)=+7. 0600605 +00
to_conp_for_1d,_1q-+5.006086E+80
Haximun_speed_(rpm)=+6.06000GE+83
No_conp_for_speed=+5.000600E +06

Thermal_solving=lio
Winding_straight_part_temperature_(°C)=+1.B00000E+2
C5_end_winding_temperature_(°C)=+1.006006E+02
0CS_end_winding_temperatura_(°C)=+1.060060E+02
Hagnet_temperature_Tmag_{°C)=+1.50080E+62
Rotor_initial position (deg)-+4.506000E+GL

#Table_nane=FhuData_JouleLosses
#Table_format=20

#Version=1.8

*

#Ttem_number=1

#axis_number=2

+

#axis_name_1=1d(A)
#Axis_name_2=7q(A)

#

#Axis_unit_1=A
#axis_unit_2=A
#

#Ttem_name_1-JouleLosses(w)
#

#Ttem_unit 11

#

5
5

-4.242641E402
+0.00B00E 108

+3.640349E403
+3.867870E+03
+4,550436E+03

-3.181081£492
+1.0805605482

42.847606403
+2.275218E+83
+2.957783E+03
+4.

-2.121320E+82
+2.1213205462

49.160871E+62
+1.137669E+03
+1.820174E+23

+7.280697E+03

45688045463

+4.5504365+03

-1.0606608+02
+3.181081£462

+2.275218E462
+4.550436E+02
+1.137609E+03
+2.275218+03
+3.8678705+03

+0.000000E+08
+4.2426416402

+0.000000E+00
+2.275218E+02
+9.100871E+02
+2.847696E+03
+3.640349E+03

o A folder MAT_PSIM stocking the MAT file. It is written in version 5.0 and can be read by any software supporting this format.
Here, it can be seen that the variables contained by this file are read by Compose®.
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Altair® FluxMotor®2025.1 p. 45
Command History . Variable Browser
ame Ve Session Information I T Sipe
E ANGPOS_ROTOR_DEG 45 number Base
& AXIS_MAGNET_TEMP 150 number Base
& Catalog_MName User_ SM_PM_IR_3Ph string Base
& FLUX_D <matrix(1x25)> matrix Base
& FLUX_IDD [0.0671220325 0.0676971718 0.0632808409 _ matrix Base
& FLUX_Q <matrix(1x25)> matrix Base
& Family Synchronous string Base
& ID_PEAK [-424.264068711929-318.198051533946 -21_  matrix Base
& IQ_PEAK [0 106.066017177982 212132034 355964 318_ matrix Base
& J_inertia 0.0299335738386677 number Base
% LD_DYMN_vs_ID <matrix(1x25)> matrix Base
% LD_DYMN_vs_IQ <matrix(1x25)> matrix Base
% LD_STAT_vs_ID <matrix(1x25)= matrix Base
% LD_STAT_vs_IQ <matrix(1x25)= matrix Base
& LOSS_IRON <matrix(1x125)> matrix Base
& LOSS_JOULE <matrix(1x25)> matrix Base
& LOSS_MECHANICAL <matrix(1x200)> matrix Base
& LQ_DYMN_vs_ID <matrix(1x25)= matrix Base
& LO_DYMN_vs_IQ <matrix(1x25)> matrix Base
% LQ_STAT vs_ID <matrix(1x25)> matrix Base
§ LO_STAT vs_IQ <matrix(1x25)> matrix Base
@& L_end_winding 1.11642517844301e-05 number Base
@& Motor_Name MNissan_Leaf string Base
@& MNo_phases 30 string Base
& Phi_M 0.0671220325 number Base
& R_phase 0.0154984181044671 number Base
& SPEED_RPM [1200 2400 3600 4800 6000] matrix Base
@& Software_source AltairFluxMotor string Base
& Sub_type Inner rotor string Base
@& TEST_CURRENT_DEFINITION_MO_ CURRENT string Base
& TEST_CURRENT_DENSITY_RMS 7 number Base
& TEST_CURRENT_LINE_RMS 300 number Base
& TEST_MAXIMUM_SPEED /000 number Base
@& TEST_NO_COMPTUTATIONS_FOR_ 5 number Base
& TEST_NO_COMPTUTATIONS_FOR_ 5 number Base
& THERMAL_MAGNET_SOLVING_MO_ MAGMET_CONSTANT_TEMPERATURE  string Base
% TORQUE <matrix(1x25)> matrix Base
& T_ACTIVE_LENGTH_WINDING_C 100 number Base
@& T_CS_END_WINDING_C 100 number Base
& T_MAGNET_C 150 number Base
& T_OCS_END_WINDING_C 100 number Base
@ Type Permanent magnet string Base
@ Version 202220 string Base
@ initial_angle_rotor_deg 45 number Base
& num_pole_pairs 4 number Base
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