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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.

1.2 “ADVANCED TOOLS *

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

Then, the function “FLUX2D" allows to build and export a model in Altair® Flux® 2D environment for performing advanced studies
either with magneto static or transient applications.

1.3 “FORMAT”

Last, the function “FORMAT” allows exporting files in FMU (Functional Mock-up Unit) format from FluxMotor®.

Motor Factory - EXPORT area

Selection of the EXPORT area of Motor Factory.

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

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

Access the area “FLUX2D” in which a model can be made and sent to Altair® Flux® 2D

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

OO~ |WIN|F-

Access the area “FORMAT” in which a data files can be exported in FMU format files

N\ 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 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

REPORT VIEW

s
P , ) )
[ : €« = = |

TEST i= Ll
HYPERSTUDY  RUX2D  FLUX SKEW au
EXPORT

ADVANCED TOOLS FORMAT

1 Design
1.1 Machine - Topology
1.0.1 Views.

1.1,1.1 Rodial view

11,12 Axiol view

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)

4 steps to build the report which user need

QB WIN|F

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

Proprietary Information of Altair Engineering
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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 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
2.4  Section selection
2.4.1 List of sections available to build the report
®
REPORT REPORT ? REPORT ?
1. DESIGN 1. DESIGN
=@ Al 2. TEST 4
=M Machine -~
Topology 20 Al N
=E Rotor =20 Characteruzat.uon =00 Al
Magnet =0 Open circuit - Motor & Generator =0 Lamination
Polarization O Back emf [J REF.M330_35A REPORT ?
Materials @0 Datasheet - Motor = [0 Magnet 1. DESIGN
=M Stator o [ REF.SmCo_104C
Slot 3. MATERIAL =00 Electrical conduc | 2= TEST
winding [0 REF.Copper
Materials 4. ARCHIVE = [ Electrical insulatc 3. MATERIAL
2. TEST 5. EXPORT INFORMATION [0 REF.Nomex_13(
20 Fuid =0 Al
3. MATERIAL [ REF.AIr .
v = [ Characterization
4. ARCHIVE 4. ARCHIVE = [0 Open circuit - Motor & Generator
| E|D Back emf
5. EXPORT INFORMATION 5. EXPORT INFORMA O Test_1
|7| m 5. EXPORT INFORMATION
® ©
Motor Factory - EXPORT AREA — Export a report — Chapters to be selected
1 Chapters to describe the DESIGN. Machine, Rotor and Stator characteristics.
2 Chapters to describe the TEST results.
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.
4 Archive groups all the tests which have been saved during the process. They can be added to the report.
Note: A maximum of five results per test can be added to the report.
5 Button to apply the selection of the user input selections (selection of chapters)
6 Button to restore default values

Proprietary Information of Altair Engineering
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2.4.2 Selection of sections

- DESIGN DOCUMENT ADVANCED TOOLS

7 b 2
5] = oo ~
e @ =

1
TeST i=
HYPERSTLOY  ALUX2D
EXPORT

REPORT VIEW REPORT ?
21en gomien |
2. TEST
2.1 Characterization - Open dircuit - Motor & Generator - Back emf
=@ Al
2.1.1 Configuration 58 Characterization
0 & _Open Gircuit - Motor & Generator
2111 Inputs
= arme Vo — e
3. MATERIAL
) o [oran c [comvernon [Mtor and 4 ARCHIVE
o
5. EXPORT
e
= = m
. e o w7
= [p——— )
1
(=]
2.1.1.2 Settings
[ e T Vaier I e I [ I [Ty I Ve ]
[rharmat | I I I I |
I e [ I I I I J
2.1.1.3 Winding and Magnet characteristics
aiwe wame Vi e Ve

Rr smca_ 140 1800

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

Proprietary Information of Altair Engineering A A LTA I R
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2.5  Export information

REPORT

1. DESIGN

2. TEST

3. MATERIAL

4. ARCHIVE

5. EXPORT INFORMATION

EXPORT PARAMETERS

Report name

Export format
Destination folder
Attached to the motor

Report -

PDF .
C:\Users\username ®-
No -

GE

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

OO WIN(F

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

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

Proprietary Information of Altair Engineering
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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  Areato build a connector
- — DOCUMENT ADVANCED TOOLS FORMAT
b
Test € = & | o )
- REPORT H FLUX2D  FLUX SKEW MU
EXPORT
SECTIONS CHARACTERIZATION - OPEN CIRCUIT - MOTOR AND GENERATOR - ING TORQUE HYPERSTUDY 7
® = . '
Topalogy Characterization / Open circuit/ Motor & Generator / COgging Settings Outputs "“‘"5
13 v with HyperStudy ¢ Therml S B e ohermol
. Magnet Cogging torque characteristics | Steadyst. o
el :
“' r@\l + Noinput o
slot winding N
Masses Moments of inertia RL-N
&
costs 1. TESTSELECTION ‘
A 7 . o
= = YiRs &
'-._. / N
Bt Vil 2o
Magnets e 3. PARAMETERS FOR HYPERSTUDY
Maln results Rl 4. EXPORTINFORMATION
b b Finalize the export process 4. EXPORT INFORMATION
=] = S —
et Comnsterae ””.3”7”4@
Motor Factory — EXPORT AREA — Export connector for HyperStudy®
1 Selection of the EXPORT area of Motor Factory.
2 Access the area in which a connector for HyperStudy® can be made
3 Zone to visualize either the overview of the selected test or the corresponding user inputs/outputs parameters
4 4 steps to build the connector to be exported for HyperStudy®
5 Buttons to validate inputs, display a preview and export the built connector for HyperStudy®

Proprietary Information of Altair Engineering
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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:

3.4

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

Test selection

In the current version of FluxMotor®, 12 tests can be selected for Synchronous machines with permanent magnets:

Characterization / Open circuit / Motor & generator / Cogging
Characterization / Open circuit / Motor & generator / Back emf
Characterization / Thermal / Motor & generator / Steady state
Working point / Sine wave / Motor / |-¥-N

Working point / Sine wave / Motor / T-N

Working point / Sine wave / Motor / |-U

Working point / Sine wave / Generator / T-N

Working point / Sine wave / Generator / |-U

Working point / Square wave / Motor / Forced |

Performance mapping / Sine wave / Motor / Efficiency mapping
Performance mapping / Sine wave / Generator / Efficiency mapping
Mechanics / NVH / Working point / I-¥-N

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

- pEsicy  DOCUMENT ADVANCED TOOLS FORMAT
’, )] )N W
TEST = ~ e
7 % | Mm
REPORT v ¢ Aux2D  FLUXSKEW LY
EXPORT
SECTIONS WORKING POINT - SINE WAVE - MOTOR - CURRENT-CONTROL ANGLE-SPEED HYPERSTUDY ?
Design i Parameters 1. TEST SELECTION 1
® = .
Topalogy f Waorking point / Sinewave / Motor/ I'¥ N @ Settings Outputs Cogging
with HyperStudy « Thermal - Generaldata Back emf
m U « Electronics * Machine constants =
i - Mechanics « Power balance Steadyst
) Magnet Identifying a working point defined by targeted - Fluxin airgap _
current |, control angle ¥ and speed N Inputs ;
+ Fluxdensityiniron @sine w
‘f * Linecurrent-|
+ Control angle-¥ + Magnet behavior
' z « Speed- N * Rippletorque TN
slot winding g . P + Temperatures o
@ T « Thermalparameters §
m % A N
Masses Moments of inertia RLN
Costs )
1. TEST SELECTION E v
Configuration Select the test to be performed Eff. map
B ] 2. TEST CONFIGURATION Eff. mép
Define the defaultvaluesof the test inputs | .
Inputs Settings BNVH
N
@ 3. PARAMETERS FOR HYPERSTUDY
Choose the parameters tobe considered 2. TEST CONFIGURATION
Winding & Magnets 3. PARAMETERS FOR HYPERSTUDY
— Js 4. EXPORT INFORMATION
ain results o it e 4. EXPORT INFORMATION
= = Eroe i secton 3 Parameers frHypersty:
At least one input parameter fin blue) must be
Working point selected to export @ connector.
. v

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

Proprietary Information of Altair Engineering
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3.5  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.

WORKING POINT “SINE WAVE - MOTOR - CURRENT-|

—

(L3
* Linecurrent- |

Working point / Sinewave / Motor/ 1'# N & Settings Outputs
with HyperStudy + Thermal + Generaldata

* Electronics Machine constants
Identifying a working point defined by targeted * Mechanics El"u"fr" :zla;ce
current , control angle ¥ and speed N In gap

.
.

Flux density iniron

HYPERSTUDY ?

1. TEST SELECTION
2. TEST CONFIGURATION

i = 9

Thermal Electronics  Mechanics
.
INPUTS

Current definition mode Density

. . Magnet behavior Line current, rms (A} -
. g;:;?! ilngle & Ripple torque Current density, rms (Mmm2) 6.0
Control angle (deg) |as0
Speed (rpm) 15000
Ripple torque analysis |no
-
3. PARAMETERS FOR HYPERSTUDY
Jay 1. TEST SELECTION 4. EXPORT INFORMATION
Selectthe test to be peﬁormed Error in section [3. Parameters for Hyperstudyl:
At least one input parameter (in blue) must be
| 2. TEST CONFIGURATION selected to export 8 connector.
+ " N Define the default values of the test inputs
1 <
| - N
b3 \\‘\ 3. PARAMETERS FOR HYPERSTUDY
J ‘| Choose the parameters to be considered
Jd 4. EXPORT INFORMATION
‘ '\QM% Finalize the export process
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.

Proprietary Information of Altair Engineering
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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

B “

REPORT

SECTIONS

Design 5 Overview

Parameters

Magnet

@
i

g
3
]

A D
C

Masses Moments of inertia

Configuration

ADVANCED TOOLS|

'WORKING POINT - SINE WAVE - MOTOR -

) 5
25

¥ OFLUX2D  FLUXSKEW

@

HYPERSTUDY ?

1. TEST SELECTION |

2. TEST CONFIGURATION

Magnet: Th (mm)

il

inputs Settings inputs
Tt (mamy
IC2 (deg)

i

Winding & Magnets 1 (mm)

w2 (mm)
Main results

®  [Rimm)

oopoo@a

VP (deg)
V1 (deg)

O [owey

[u] w1 {mm)

il

ot
Wortgpint sower i —

Vels e

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

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

N

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

parameters area (2).

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

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
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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®.

® @ ©)

- DESiGNy  DOCUMENT ADVANCED TOOL FORMAT
] [/ ) B »
[ rest a 5 | ®
RepORT X0 Ajuxskew FMU
EXPORT
SECTIONS WORKING POINT - SINE WAVE - MOTOR - CURRENT-CONTROL ANGLE-SPEED HYPERSTUDY ?
T n
hid 4 Overview 1. TEST SELECTION |
slot winding : 0
+ | 2. TEST CONFIGURATION
Mechanical torque (N.m) = Speed (rpm) a Electrical frequency (Hz) o
% Mechanical power (W) o Machine electrical power (W) o Wachine total losses (W) o
— Moments of inertia Machine efficiency (%) D Apparent pawer (v} o Reactive power (vAr) o
Control angle (deg) =} Pawer factor o Phase angle (deg) o
é Line current, rms (A) [w] Phase current. rms (A) o
Line-Line voltage. rms () [ Phase voltage, rms (1 o It
Costs Machine constants u] | | Magnet:C2 (deg)
Current density. rms (mmz) = Electrical loading, rms (A/m) o Power density (Wikg) o Magnet:C1 (deg)
Configuration T (ML) [m] Working point:Mechanical tergue (N.m)
@ @ Power balance | (] | | | | Ripple torque:Ripple mech. tarque, pk-pk (N...
[Machine total losses (W) o lfoule losses () o Mechanical losses (W) a
nouts Settings Total iron losses () 0 ditional losses (W) o
Flux in airgap | o | | |
@ Flux density, ARV (T) [=] Flux density 15t harm., rms (T) [u] Flux density, peak (T) o
Flux / pole. ARV (WD) & Flux / pole 15t harm.. rms (Wh) o Flux / pole. peak (Wb) =
nding & Magnets i densityIn lran A= - | | 4. EXPORT INFORMATION
Stator tooth, max (1) = Stator toath, mean (M) o
. Main results stator foot tooth, max (1) [a} Stator foat tooth, mean (T} o va Lol
stator yoke, max (1) al Stator yoke, mean (1) o —_
= =] e oo e D] [roryoe meonn o
Working point Magrit behavior [ | | |
@ Flux density. mean (T) [m} Coercive field 50% (Afm) o Demagnetization rate < CFS0 (%) o
Magnetic field strength, mean pvm) [w] Coercive fieid 90% (Am) o Demagnetization rate > CF30 (%) ]
Ripple torque
~Thermal - - Ripple mechanical torque
[E=S) Working point T Eh T I [ I
B [Mechanical torque (N.m}
' Ripple mech. torque. ph-pk (N.m) ® Ripple mech. tarque +- vs avg (%) o Ripple torque period (deg) 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).

Displaying of data which can be selected for HyperStudy® studies

Button to validate the previous choices

o0 b (WIN(F

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

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

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 indicating 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.

|_I - —

5]

™ TEST
EXPORT

SECTIONS
y qwy
Slot Wwinding
! &
Masses Moments of inertia
Costs
Configuration
Inputs Settings
Winding & Magnets
Main results

i

i

Working paint

il

Ripple torque

Thermal

1| Overview

DOCUMENT ADVANCED TOOLS FORMAT
/ b )N
= € % & v

WORKING POINT - SINE WAVE - MOTOR - CURRENT-CONTROL ANGLE-SPEED

|Mechanical torque (N.m)

Speed (rpm) o Electrical frequency (Hz) D
:Mcthamml powrer (W) o Machine electrical power (W) o Machine total losses (W) D
Machine efficiency (%) o Apparent power (VA [m] Reactive power (VAS) =]
}(umml angle (deg) o Power factar u} Fhase angle (deg) D
Line current, rms (A) o Phase current, rms () ul
Line-Line voltage, rms (V) [m] Phase voltage, rms (V) [u]
|Vachine constants | o |
[current density, rms (a/mm2) o Electrical loading, rms (A/m) [a] Power density (Wkg) D
|kr . mra) =]
|Power balance | B | |
;Matr\wne total bosses (w) a Joule los5es (W) o Mechanical (0555 (W) [m]
Total Iron losses (W) [m) ‘Additional losses (W) [u]
Fiux In airgap o |
|Flux density, ARV () o Flux density 1t harm, rms (T) [a] Fiux density, peak (T) [=]
|Flux 7 pole. ARV (Wb) =] Flux / pale 15t harm. rms (Wb) s} Flux / pole. peak (Wb) s}
Fiux density in iron | B | |
{Stator tooth, max (T) a 'Stator taoth, mean (T) o
|stator foot twoth, max m o /Stator foot tooth, mean (T} o
[stator yoke, max T) o Stator yoke, mean (T) [u]
[Rotor yoke. max (my =] Rotar yoke. mean (T) [u]
|Magnet behavior [ = |
Fiux density, mean (1) =] \Coercive field 50% (Am) o Demagnetization rate < CF50 (%) o
[Magnetic field strength. mean (A/m) a |Coercive field 90% (Atm) o Demagnetization rate » CF30 (%) [m]

Ripple mechanical torque

Warking point | (m] [ I
Mechanical torque (N.m) 5]
Ripple mech, torque, pkepk (N.m) = Ripple mech. torque +- vs avg %) [u] Ripple torque period (deg) [}

HYPERSTUDY

1. TEST SELECTION

2. TEST CONFIGURATION

3. PARAMETERS FOR HYPERSTUDY

[ EXPORT PARAMETERS

IDA\ForHyperStudy
Save iterations Yes

Connector name IHstConnector
Destination folder

DO

[ve

e

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 HyperStudy]:
At least one input parameter (in blue) must be
selected to export a connector.

®

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

Proprietary Information of Altair Engineering A A LTA I R



Altair® FluxMotor® 2022.1 p. 16

3.8  Get back Altair® HyperStudy® results in Altair® 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®

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) 7 Untitied - Atar HyperStudy™ 2020 (71.1968057) o X
Add Solver Script 3 remove e t File Edit View Tools Applications Help gixpon
Label Varname Type Preference Path . trl+ = tem Arguments
! — D = New O trl+ ers  Messages
2 pRe] e View
3 M \\ M = Approach: |
4 53| el P
5 Bl ’ :
67 51
= E Register ...
A 53 5 Solver Script ._—< )
9 3] G
10 Bl Q User Utility
1 ;Ll 0 o Optimizer
:i . %: > % External Fit g e
14| None hst C gram F tesktop/hst/t tec T |
15 FluxMotor fluxmotor (fﬂ ) C:/Program Files/Altair/2022.1/flux/FluxMotor/Scripts/win/FluxMotors.exe batch ${root filespe
&
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.

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

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

Three 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

UEZANISN Working point Sine wave Motor I--N

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

4.2  Areato build and to export a model to Flux® 2D environment

- DESIGN DOCUMENT ADVANEED TOOLS FORMAT
7y L ) N m
€ % & @
REPORT HYPERSTUDY FLUX SKEW Fmu
CHARACTERIZATION - OPEN CIRCUIT - MOTOR AND GENERATOR - BACK EMF FLUX 20 ?
E= B e [

[]

Export a model for transient magnetic application Settings = .
in Flux2D environment + Thermal = &

| packem |

terizat I Jit / Motor & Generat ! Inputs =
Machine behavior when running in open circuit state * Speed-N N
N HapIn (1)
|2.TesT conFiGURATION
|3. EXPORT INFORMATION

i\ @ N
\‘% 3 1. TESTSELECTION 3
y Selectthe testto be modeled
= u 2.TEST CONFIGURATION
q\?ﬁjﬁ\ Define the default values of the testinputs
3. EXPORT INFORMATION
“’%;, Finalize the export process
/4

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

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

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

N[O~ WIN|F
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4.3  Steps to build and export a model to Flux® 2D environment

In EXPORT / ADVANCED TOOLS / FLUX2D area one must indicate what is the application of Flux® 2D environment in which the model
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 what is 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 done in the following sections.

3) Define the export information

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

FLUX 2D ?

en ( it - Motor & Generato

P

BEWorking

BSine wave - Motor
-W-N

IMW-N Hairpin (111)
2. TEST CONFIGURATION ( : )
3. EXPORTINFORMATION ( : )

=] (5]

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

AN
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4.4 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 ?

Static Transient Sitmus: o

BlCharacterization

BOpen circuit - Motor & Generatol

Back emf
BWorkir oint

I-W-N Hairpin (111 C

2. TEST CONFIGURATION

3. EXPORT INFORMATION

RZie: @

[=][G]

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

Button to validate the previous choices

AlW|IN(F

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.

4.5  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.

o [ i !
1. TEST SELECTION Thermal
2. TEST CONFIGURATION o
INPUTS
ﬂ Line current, rms (A) 133.221
Control angle (deg) 45.0
Thermal Speed (rpm) 1500.0
Represented coil conductors No
INPUTS @ No. comp. / elec. period 50
Line current, rms (A) 133.221 No. computed elec. periods 2
Control angle (deg) 45.0 Rotor initial position (deg)  #—|Auto
Speed (rpm) 1500.0 Mesh order 2nd
Represented coil conductors No f—\\ Airgap mesh coefficient 1.5
- 4 =
3. EXPORTINFORMATION
% 3 @

E

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.

Button to validate the previous choices

g b~ |(WIN|F
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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 last answer “Full geometry “ allows the user to get a full geometry in the provided model even if it were possible to work
with a reduced model considering the number of poles and the number of slots.

FLUX 2D ?

1. TEST SELECTION
2. TEST CONFIGURATION

3. EXPORT INFORMATION ]

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

[V 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 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.

®»E

g » [ W|IN[F

Note 1: When data are missing in third table “Export information” for instance, an error message is written in red font and 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 Flux2DMode!
Destination folder C:\Users\aaaaaaa
Full geometry No

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

s |.[B ©)

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

1 Error message written in red 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 this when a simulation scenario must be
considered.
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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 (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 themselves classified into model families.

In the current version of FluxMotor® three 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

UEZANISN Working point Sine wave Motor I-¥-N

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

4.7.2 Without scenario — Current source — Motor and generator — Basic model
4.7.2.1 Positioning and objective

This export allows the users to build a model in Flux® 2D, static application to perform magneto-static, multi-static simulations.
User inputs like 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.

J

Q0

Y
NV,

Working point — I, ¥, 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 magnets

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

.\ ALTAIR
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4.7.2.3 Standard inputs

1) Line current, rms

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

2) 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.

Motor
operating mode

Generator
operating mode

Definition of the control angle ¥ - Motor convention

4.7.2.4 Advanced inputs

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

For more details, please refer to the section 4.7.6 - 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.

Proprietary Information of Altair Engineering
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47.3 Without scenario — Current source — Motor and generator — Thermal model
4.7.3.1 Positioning and objective

This export allows the users to build a model in Flux® 2D, static application to perform thermal-static simulations.
User inputs are the ones defined in test Characterization — Thermal — Motor & Generator — Steady state to get access into Flux® 2D
environment for performing computations.

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

Thermal steady state 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.

4.7.3.2 Settings

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

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

4.7.3.3 Standard inputs

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

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

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

4.7.3.4 Advanced inputs

There are no advanced inputs required for this export.
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4.7.4  Characterization — Open circuit — Motor & Generator — Back — emf
4.7.4.1 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.

4.7.4.2 Settings
One button gives access to the following setting definition:
e  Temperature of active components: winding and magnets

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

4.7.4.3 Standard inputs

1) Speed
The only default input parameter is the operating speed of the machine to be used in the back-EMF test.

4.7.4.4 Advanced inputs

The list of advanced inputs dedicated to this export are listed below.
For more details, please refer to the section 4.7.6 - 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.

.\ ALTAIR
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47.5 Working point — Sine wave — Motor — I, ¥, N
4.7.51 Positioning and objective

The aim of the test “Working point — Sine wave — Motor — |, ¥, N” is to characterize the behavior of the machine when operating at the
targeted input values |, ¥, N (Magnitude of 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.

Ease Jd

“Working point — Sine wave — Motor — |, ¥, 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 got from measurements and those got 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.

4752 Settings

One button gives access to the following setting definition:
e Temperature of active components: winding and magnets

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

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

2) 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.

Jay E
) . ¥=0
Working point e
|
Motor
operating mode ; ":
‘{‘:905" ‘;}lp:.go Jd

Generator
operating mode

Definition of the control angle ¥ - Motor convention

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

4) 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

.\ ALTAIR
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4754 Advanced inputs

The list of advanced inputs dedicated to this export are listed below.
For more details, please refer to the section 4.7.6 - 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.

476 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 compromise 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 _2022.1_SMPM_IOR_3PH_Test_Introduction — section “Rotor and stator
relative position”.

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, 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:
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 giving a very high mesh density and 2 giving 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.

4.7.7 Working point — Sine wave — Motor — |, ¥, N - Hairpin
4.7.7.1 Positioning and objective

The aim of the test “Working point — Sine wave — Motor — |, ¥, N — Hairpin” is to characterize the behavior of the machine when
operating at the targeted input values I, ¥, N (Magnitude of current, Control angle, 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 — |, ¥, N” is applied.
Inputs are the same, but in that case only “All phases” option is available for defining the represented coil conductors.
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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.

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 themselves 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 Working point Sine wave Motor I-¥-N

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

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

- - e

;/’ - . % - tmy
= — E Z % % |
REPORT HYPERSTUDY  FLUX 2D FMU
EXPORT

ADVANCED TOOL! FORMAT

CHARACTERIZATION - OPEN CIRCUIT - MOTOR AND GENERATOR - BACK EMF FLUX SKEW
v orser
L]
1. TEST SELECTION
Export a model for transient magnetic application Settings 2 terizat
in Flux Skew environment * Thermal
_

aracterization / Ope it / Motor & Generator / Back Inputs
Machine behavior when running in open circuit state * Speed-N Sl
2 TEST CONFIGURATION

3. EXPORT INFORMATION

[v]do

[*]

ol

1. TESTSELECTION
Select the test to be modeled
= 2. TEST CONFIGURATION
W Define the defaultvalues of the testinputs
:
%/ 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 (STATIC 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.

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

~N 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 if 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.

2. TEST CONFIGURATION
FLUX SKEW ?
s g

Thermal

1. TEST SELECTION

|

2. TEST CONFIGURATION INPUTS
Speed (rpm) 1500.0
ﬂ [T1Skew model - No. of layers 3
. No. comp. / elec. period 50
Thermal No. computed elec. periods 2
Rotor initial position (deg) e—|Auto
INPUTS 3 Mesh order 1st
Speed (rpm) ‘1 500.0 Airgap mesh coefficient 1.5
O =
3. EXPORT INFORMATION

MARKY

|

!

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 b |[WIN|F
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6 EXPORT DATA IN FMU FORMAT FILES

6.1 Overview

The area FORMAT, in the EXPORT environment of Motor Factory, allows exporting data like constants, curves and maps in FMU
format files.

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

Constants, curves and maps” given in Jda-Jq plane for characterizing the 3-Phase synchronous machines with permanent magnets
are computed and exported in FMU format files.

Then, these files can be imported directly into environments like Altair® Activate® inside block functions ready to be integrated into
schemes to represent the model of the corresponding rotating electrical machine.

Thus, electrical machine and all what are concerning its environment like the drive and control command, for instance, can be
represented and simulated altogether into the same area.

6.2  Areato export data in FMU format files

- e — DOCUMENT ADVANCED TOOLS FORMAT
[% TEST 72 ":‘25 V\;E fgn—u ®
- REPORT HYPERSTUDY  FLUX2D  FLUX SKEW N
EXPORT
CHARACTERIZATION - MODEL - MOTOR - MAPS LOOK-UP TABLES
[]
2D mapsdefined in the J4-], area Settings Outputs
+ Thermal * Coupling fluxes- @, @, 2. TEST CONFIGURATION
Export machine maps, curves and constants in FMU * Electronics * Dynamicinductances
format files * Mechanics * Staticinductances 3. EXPORT INFORMATION |
for evaluating of the machine behavior with its drive and Inputs ) ]E'E‘E:Zg;ic:ro?‘t:;ws
control system in Activate ... uz: !355575,": - :ﬁ;m‘;;ﬁ T ’7 I_lo
e + Magnet flux @
(3]
Selectthe test to be modeled
Define the default values of the testinputs
Finalize the export process
Motor Factory — EXPORT AREA — Export data in FMU format files
1 Selection of the EXPORT area of Motor Factory.
2 Access the area (FORMAT) in which data can be exported in FMU format files.
3 Zone to visualize either the overview of the selected test or the corresponding user inputs/outputs parameters
4 3 steps to compute and to export data in FMU format files.
5 Buttons to validate inputs, display a preview and export the data.
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6.3  Steps to build and export data in FMU format files
In EXPORT / ADVANCED TOOLS / FORMAT area 3 steps are needed to build and export data in FMU format files:

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 information

6.4 Test selection

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

e  Characterization / Model / Motor / Maps

6.5  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.

CHARACTERIZATION - MODEL - MOTOR - MAPS LOOK-UP TABLES MU 2
[ overview | 1. TEST SELECTION
[
2D mapsdefinedinthe J4-]q area l Settings Outputs h t %
« Thermal + Coupling fluxes- ®,, @,
Export machine maps, curves and constants in FMU + Electronics + Dynamicinductances Thermal. J;Elestrontes:. Mechanics
format files : * Mechanics « Staticinductances *—
. T
for evaluating of the machine behavior with its drive and Inputs _ ;’S{‘f& :;1”,:5595 INPUTS
control system in Activate ... * Max.linecurrent-|,,, S MEehbnical lodsas Max. current dens., rms (A/mma) 6.0
* Max.speed-N,,, 2 Yokallossas: Maximum speed (rpm) 1.000.0
« Magnet flux
[3. EXPORT INFORMATION

[v]lo]
1. TESTSELECTION E]
Select the testto be modeled

2. TEST CONFIGURATION

Define the default values of the testinputs
3. EXPORT INFORMATION

Finalize the export process

Motor Factory — EXPORT AREA — FORMAT — FMU / Test configuration for Characterization / Model / Motor / Maps

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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6.6  Export information

The last step for building and exporting data in FMU format files is to define the export information.
Two inputs must be defined:

e The name of the directory in which the created files will be stored
e  The destination folder in which the previous directory will be located

- DESIGN DOCUMENT ADVANCED TOOLS FORMAT
- ) N .
Test € % = v ®@
-m REPORT HYPERSTUDY  FLUX2D  FLUX SKEW
CHARACTERIZATION - MODEL - MOTOR - MAPS LODK-UP TABLES
overview |
2D mapsdefinedinthe J4-J, area Settings Outputs
+ Thermal » Coupling fluxes - &, @,
Export machine maps, curves and constants in FMU * Electronics * Dynamic indudances Destination dir name |FMLI
format files + Mechanics * Static inductances. [uﬁqmwm{qmr | Ciilsersh.. |
for evaluating of the machine behavior with its drive and Inputs. 5 ,E.,’Sffﬂ?'o?.“-ﬁm @ E [ : )
control system in Activate ... * Max.linecurrent-|, + Mechanical losses
* Max.speed-N,., « Total losses
- Magnet flux
Selectthe testto be modeled
2. TESTCONFIGURATION
Define the default values of the testinputs
3. EXPORT INFORMATION
Finalize the export process
Motor Factory — EXPORT AREA — FORMAT — FMU / Export information
1 Tab to be expanded to define export information.
2 Area in which the export information 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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6.7 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 users will be able to select what it is needed considering the used system simulation tool without any problem of
compatibility. One of the main differences between the two files is how are the units managed in the name labels (See below

illustrations).
&\ Attair FluxMotor B o £ R R SR R e e o
Jd(A) FMU atirbutes
Attribute Value
5 General Information
tLd(H) fmilersion 20
madeiName FMUData_DSiatinductance
description Aair Engineerng FMUData_DStatinductance
generationTool ——————— Copyright (C) 2017 Atair Engineering - Allright reserved - Versio_
Jq(A FUNCTIDNAL generationDateAndTime 2021-08-03T11:51:01Z
OEERLe numberOfEvertindicators 0
variableNamingConvention structured
= Model Exchange
medelkdentiier FMUData_DSiatinductance
Variables M Q  Name Description
. = Varable
FMData Na’“ﬁw :'d = name )
FMUACTVATE | ——————————> Jal) 2 veluefieference !
SLdH) 3 causalty input
FMU_GENERIC nterpol H variability continuous
detatype Real
a‘;’ﬁfﬁ‘m-ﬁ:"‘m g declaredType Modeica Bectrical Analog Inteaces Pin
Max_current_dens,_ms_(A/mm2) 7
No_comp_for_Jd._iq ]
Maximum_speed_{pm) 9
No_comp_for_speed 10
Themal_solving 7
Winding_siraight_part_temperature_(C) 12 L
CS_end_winding_femperaiwe_(C) 13
0CS_end_winding_temperature_{('C) 4 o
Close
Exported FMU format files dedicated for Activate®
FMU Informalion =20 000 0000l ioooiol ool it it oo aT i at i @ x
- ™
2\ Altair FquMotor Pt .
. sl
- Jd(A) = General Information
fmiVersion 20
modelName FMUData_DStatinductance
description Altair Engineesing FMUData_DStatinductance
tLd(H) p— generationTodl ————————————— Copynght (C) 2017 Akair Engineerng - Al igft reserved - Versio
generation Date And Time: 2021-09-03T11:50.562
rumberfEvent dcators 0
variableNamingConvention structured
- p Jq(A)FUNCTIONAL = Model Exchange
modelidentier FMUData_DS:stinductance
INT ERFACE
Variables ) Q| Mame Descrition
Name Index = Variable
=R T ; name WA
e oA 2 walueReference 1
causalty input
FMU_ACTIVATE Stld_| H : variabilty contnuous
- o datatype Real
FMU_GENERIC fn‘;’;"l“:d“"“"fm;‘f N 2 declaredType Modelica Bectrical Analog Interfaces Pin
Max_curent_dens_ms__A_per_mm2_ 7
No_comp_for_ki__Ja 8
Maimum_speed_pm._ 3
No_comp,_for_speed 10
Themal_solving 1
Windng_straight_part tempersturs_d_ 12
CS_snd_windng_temperature_deg_C_ 13
OCS_end_windng_tempersturs_deg_ 14
Magnet_temperature_Tmag_deg C_ 15
Roter_intial_posiion__deg_ 16
Qese
Exported FMU format files (Generic) compatible with other system simulation tools
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6.8 A C/C++ compiler is needed
6.8.1 C/C++ compiler / System requirements

FluxMotor® requires a C/C++ compiler to perform some operation for creating FMU blocs.
Here is the list of the supported 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.qg. if you decide to use Professional Edition, a license is required)
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6.8.2 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.

Preferences x]
Common 3 L(;k Shortcuts Advanced

Default creation catalog path ] @

Default creation library path ] @

Default creation material path ] @

Default export python file path [cawsers\......\ ] ®

Default source excel file path [c\Program Files\Altair.. ...\ ] @

Default source attachment file path [causer: \ ] @

Default export image path ] @

Default export report path @

Default export material path ‘ ®

Default HyperStudy connector path ] @

Default HyperStudy catalog path ] @

Default export to Flux path ] @

Default Motor Factory working directory path \ @

Default FMU export common path [Crusers\.....\ ] @

Path To a C++ compiler (needed for FMU) [caProgram Files (x86)\.......\ .—0—@7—@

@
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

Here is below a list of files to select in the installation directory (path) according to the Visual Studio version that you 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)\Microsoft 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)\Microsoft Visual Studio\14.0\VC\Build\vcvarsall.bat

Microsoft® Visual Studio
C++ 2015 Community

C:\Program Files (x86)\Microsoft 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 runnable command is detected if you installed Visual Studio before or if you set the preference to an empty value and

reopen the preferences.
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6.9 Import FMU data in Altair® Activate®

Once FMU files are generated by FluxMotor®, they 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 newly 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

: .l
Maodelica

HyperSpice

.’j |

HydraulicsByFluidon

Palette Browser -::iiiiiiiiiiiiiiii BadQ X
= Palettes »
Bl
Activate Communicate

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.
You could 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.

(]

FUNCTH
MOCK-u FMU
UNIT

Gererd Parameters . Advanced

FMU flename

Nusder of rputs
rput pots.

Number of outputs
Outont ports

Nurber of parametens
Reload fle
FMU Documentation

Pepoting Maodel Exchange *  CoSmutation

“fr|

Name Descrption

i

Nare Descrption Datarype Drect dependency vector for the nget

Datatype

e

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 you are 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.

FUNC Genaral Parameters
MOCH
Ul ?I% FMIU filerame

Fput parts
Heme

Number of outputs
Output ports
Name
Phid{Vib)
Nurrber of perameters
Parameters
Name
recmol’
FRedoad fie
FMU Documentation

Advenced | Fepoting . | Model Exchenge | Co-Simulation

‘Ibidouches Expon_FMUIseue_ FMULFML/DFuxData/ MU/ FMUData_DFus fru® =

FMU Informaticn
FIL afributes
e
= Gemeral Information
fmiFeal 1 fmiVarsion
1 modelNama
1 | daseription
generationTool
generztionDateAndTime
Description Datatyp rumberCfEvent ndicatars
YmiFeal warablaMamingConvertion
. & Model Exchange
1 modelidentfior

Direct dep

Description Datatype: Unit
Tmikreger 0
Febed
Show Vanzhies

Irfa Nama: Index
(A

1
Jalt) 2
Prid (Whsh 3
interpal 4
Cument_definitien_mods 5
Max_line_curment,_me_(A) 8
Max_curent_dsra_rms_[Admm2y 7
Mo _camp_for_Md._Jg

Madmum_gpead_{pm) 3
Na_comp_for_speed o
Magnet_tempersture_Tmag_("T) 1
Winding_straight_part_temperature_('T] 12
C5_end_winding_tempsrsture_{'C) 3
OC5_end_sndng tempersture_(T) 14

0
FMUData_DFlux
HAkar Engneenng FMUData_DAw:

FMUData_DFhsx

M 2 | Name

« | F Variable
name
valueRaference
caugalty
vanabilty
datatype
declredTipe

Deacphicn
Jdity

input

connueus

Raal

Medelea Bectrical Analog Ierfaces P

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

2\ Altair FluxMotor”
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Jo g

INTERFAC

Along with FMU files, an oml file that contains the most 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 run as follow:

run('D:\UserFoldernExport_ FMU\FMU_AD\oml\constants.oml’)
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