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

Then, the functions “FLUX2D”, Flux Skew, Flux 3D allow to build and export a model in Altair® Flux® environment (2D, Skew or
3D) for performing advanced studies either with magneto static or transient applications.

1.3 “SYSTEM’

The function “SYSTEM?” allows exporting files in FMU (Functional Mock-up Unit) format file or in MAT format file from FluxMotor®.

.\ ALTAIR
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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 “SCRIPT” for generating a python file in which all the needed command lines are written to rebuild the motor

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

Access the area “FLUX3D” in which a model can be made and sent to Altair® Flux® 3D

0 (NG|~ (WIN(F

Access the area “SYSTEM” in which a data files can be exported in FMU format files or in MAT format files for PSIM or
Avtivate

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 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 Areato build the report

@ ©

immrmy User !_3FN Newmatort
- - —
I
- : . -

REPORT VIEW

©,

’, . R b
/{ 20 ™sk “s

HYPERSTUDY FLUX2D  FLUXSKEW  FLI3D

SYSTEM

&

Lt

1 Design
1.1 Machine - Topology
1.1.1 Views

1111 Radial view

1.1.1.2 Axial view

l

=@ A &
= machin
B Topology
2 M Rotor
= magnet
B Design

B smew
M Poarization
=B stator
=@ st
B Design
B shew
B ciassical winding
= B mateniais
B matenals

2 TEST

3. MATERIAL

4. ARCHIVE

5. EXPORT INFORMATION

e

(a][B]

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 a0 Al o
=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. These 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

SRR
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— . .
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X
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REPORT 7
1 |1.DESIGN
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= = o = e e
s
———

200 l

2.1.2 Main results

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

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

N\ ALTAIR
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2.5  Export information

REPORT

1. DESIGN

2. TEST

3. MATERIAL

4. ARCHIVE

5. EXPORT INFORMATION

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 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) =p
=) TesT E
REPORT
EXPORT

SCRIPT VIEW

«

SCRIPT
TOOLS
. 2 EXPORT PARAMETERS
e s Script name Script
HYPERSTUDY FLUX 20 FLUX SKEW
Motor name Motor

Catalog name
Destination folder

User_SM_PM_IR_3Ph
D:\Example

Direct link to open Script Factory.

Motor python script automatic generation

Automatic generation of the FluxMotor python script of the
machine (Design, Tests, Exports) in the current state.
All the needed command defining the machine are written in it.

Inpu
* Ser
« Cal

@

SCRIPT i
EXPORT PARAMETERS

Script name Script
Motor name Motor

Catalog name User_SM_PM_IR_3Pn
(Destination folder D:\Example

[u][B]

*Machine
*Rotor
DESIGN Ry
«Cooling
«Materials

« Characterization
«Working point

« Performance mapping
*Mechanics

— * Document
P EXPORT Ryt
* System

[v][S]

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”.

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

4.2 Area to build a connector

ONNCENG

@Rl Motor Factory  User_SM_PM_IR_3Fh edotort ISl =E)
- A DOCUMENT ADVANCED TOOLS SYSTEM
LA -~ ) = ) 5 =
Test € %= =& 5B @
-m REPORT  SCRIPT 1 FUID  FLUKSKEW  FLUK3D wr
SECTIONS OPEN EIRCUIT - MOTOR TOROUE HYPERSTUDY ?
Design F m Parameters 1. TEST SELECTION 1
® = : ==
Topaiogy Characterization / Open circuit / Motor & Generator / Cogging Settings Outputs |__cogng 4
with HyperStudy « Thermal + Cogging torque Back emt
ﬁ U = Fluxin magnetic circuit »
Magnet Cogging torque characteristics ‘Steady st
In
Ped @ + Noinput -
skt Wirding —_— H
kU
Masses Moments of inertia ReL-N
costs
1. TESTSELECTION W
Configuration ~ ~ Select the test to be performed Eff. mag
@ E il = 2. TEST CONFIGURATION Er. mag
Inputs Sengs ra B ¢ E Define the default values of the test inputs.
5 e
5==| / / 3, PARAMETERS FOR HYPERSTUDY
U 2 Chaaose the parameters tobe considered 2. TEST CONFIGURATION
Wagrets s v 3. PARAMETERS FOR
S - HYPERSTUDY
s L 9 4. EXPORT INFORMATION
Maen resunRs ] ¥
’ o by Finalize the export process 4. EXPORT INFORMATION
—
B ) arsrie o sl
At leas ) must be
Wag Ml Cogging torgue sciecied to exporta o 5

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®

QB WIN(F

N\ 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®, 12 tests can be selected for Synchronous machines with permanent magnets:

e Characterization / Open circuit / Motor & generator / Cogging
e Characterization / Open circuit / Motor & generator / Back emf
e Characterization / Thermal / Motor & generator / Steady state

e Working point / Sine wave / Motor / [-¥-N

e Working point / Sine wave / Motor / T-N
e Working point / Sine wave / Motor / |-U

e 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

e 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.

@

w Motor Factory  User_SM_PM_IR_3Ph Hewhotar |
- —_— DOCUMENT ADVANCED 100LS SYSTEM
= A r, ) N ) N )
TEST /‘ Mo [Nk o
REPORT  SCRPT HYPERSTUDY  FLUX2D  FLUXSKEW  FLUX3D Lur
EXPORT
SECTIONS 'WORKING POINT - SINE WAVE - MOTOR - CURRENT-CONTROL ANGLE-SPEED
Ao L
® =
Topalagy t Working point / Sinewave / Motor/ |'¥ N @ Settings Outputs
with HyperStudy + Thermal » Generaldata
Q U + Electronics * Machine constants
Magnet Identifying a working point defined by targeted * Mechanics :ﬁ:‘:"; :i‘;";e
current |, control angle ¥ and speed N Inputs N e
P ) rcuren| i
+ Control angle- ¥ o i
siot Winding * Speed-N = AClosses
+ Magnetjoule losses
f @' + lron losses (stator, rotor)
Magses Maments of inértia
Costs Ju
1. TEST SELECTION
igurat Select the testto be performed
@ @ | 2. TEST CONFIGURATION
inpuds Settings AL i N Define the default values of the testinputs
| v ~
@ I \ 3. PARAMETERS FORHYPERSTUDY
] Choose the parameterstobe considered
‘winang & Magnets
s 4. EXPORT INFORMATION
'\M{ - Finalize the export process
‘Warking paint

BO®
HYPERSTUDY ?
resrseicoron T

cogaing
Back emt

Steady st

L

2. TEST CONFIGURATION

3. PARAMETERS FOR HYPERSTUDY
4. EXPORT INFORMATION

Error in section [3. Paramelers for HyperStudy]
At least one input parameter (in blue) must be
seiected to export a connector

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

Proprietary Information of Altair Engineering

N\ ALTAIR



Altair® FluxMotor® 2023.1

.14

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.

& Motor Factory  tiewhiotort Bax
- SR DOCUMENT lrooLs SYsTEM
= I ) -~ R
=] Teor =k | & ®
REPORT SCRPT FLUXSKEW  FLUX 30 wr
EXPORT
SECTIONS WORKING POINT - SINE WAVE - MOTOR - CURRENT-QONTROL ANGLE-SPEED HYPERSTUDY ?
Design M Overview Parameters 1. TEST SELECTION
@ L 2. TEST CONFIGURATION
Topaiogy Working point / Sine wave / Motor / 1'¥ N@ Settings Outputs i x Q
with Hyperst + Thermal + Generaldata :
ey + Electronics + Machine constants TRENHNL Eichonics: MEchncs
Magnet Identifying a working point defined by targeted * Mechanics + Power balance

current |, control angle ¥ and speed N

Inputs
* Linecurrent-1

+ Fluxin airgap

INPUTS

+ Magnetbehavior

4 Fast
Current gensty, rms (Aem2) .""s 0

+ Control angle-¥ R © v |
siot windng + Speed-N 3 2&2‘;‘:‘1“9 ;:v:l( ::I) (teg) \:ssZnu
+ Magnetjoule losses AC losses analysis |
m @ * lIron losses (stator, rotor) [Ripple torgue analysis v
Nawos. Mok orvee pilgs
+
& 3. PARAMETERS FOR HYPERSTUDY
o 1, TEST SELECTION 4.EXPORT N
Configuration Selectthe test to be performed Efor in section [3 Paramsters for MyperStucy]
Al least one nput parameter (In blue) must be
Define the default values of the test inputs
ot = S
v
@ 3, PARAMETERS FORHYPERSTUDY O
Choose the parameters to be considered
vinaing & Magnets
4. EXPORT INFORMATION 7
&= =
Working point
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.

N\ 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 design parameters, parameters to define the test conditions (inputs and/or settings) or test results.

461

Selection of design parameters

QU Motor Factory  newvatfet

N

©)

TEST

DOCUMENT

B § «

REPORT SCRIPT
EXPORT

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

SECTIONS

®

15ER- N 30:

D

2

il

H

il

l

Working pa

Topalogy

Design

=3

v

Magnet

(@)

Winging

3

Moments of inertia

Configuration

Winding & Magnets

Main results

int

e

Magnet

O

ADVANCED TOOLS

o ~ 2 ~ Do ~
o Mk “Go
FLIX20 FLUXSKEW  FLUX30D

fecence

T™ (mm)

R1 (mm)

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

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

N~

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

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).
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®.

® @ @

wasmvy NewMotor! BOX
- S DOCUMENT ADNVANCED TOOLS SYSTEM
P 7, ) ) 8 ) 5 ()
] rest € s w < & ®
-m REPORT SCRIPT ¥ FLUX2D  FLUXSKEW FLUX3D wr
SECTpNS WORKING POINT - SINE WAYE - MOTOR - CURRENT-CONTROL ANGLE-SPEED HYPERSTUDY ?
Design 3| overview 1, TEST SELECTION |
@ = + |2.TesT conFiGURATION
Topalogy Machine performance - Working point
nowv % A e |
i Mechanical torque (N.m) ] Speed (rpm) (=] o
e Mecnanical power (W) . o o
“' @ Machine efticiency (%) ® o o
Control angie (deg) m] o a
st inding Line current, rms (4) o o
T Line-Line voltage, rms (v} 0 [s]
@ — ‘ |
5] Esectrical loading, rms (Am) [s] Poner densty (Wikg) [5]
Masses Maments of nerta o
é} | o | | | !
a 4. EXPORT INFORMATION [
oy O [stator Jouse tasses (W) o
o tatar ron fos o e
Configuration zchanic W) | =] ‘ [=] ‘ T I
o
= B Flux density, ARV (T) O |Faxdensiy tstham., ms (T) 5] sy, peak (T) o ) L}
e it Flux / pole, ARV (Wb) a Fhx / poje 15t harm.. rms (W) =] =]
nputs Settngs - | ‘ = -
5 . (2] [B]
o= o o
" o o
Winging & Magnets
=] =]
Main results a | | |
= | Fuocsensty, mean (1 o o o
T bagne gtn, mean (4/m) o [=} 5]
Workng point : B

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

o0 b (WIN(F

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.

.\ 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

e  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.

‘Mmrhemy * NewMotort B
- S DOCUMENT ADVANCED TOOLS SYSTEM
=) rest € = & % | & ®@
-- REPORT SCRPT FLUK2D  FLUXSKEW  FLUX3D wr
EXPORT
SECTIONS WORKING POINT - SINE WAVE - MOTOR - CURRENT-CONTROL ANGLE-SPEED HYPERSTUDY 0
Design RRCTENE I Parameters | 1. TEST SELECTION
@ L 1 |2 TEST CONFIGURATION 1
Topology Machine performance - Working point 3. PARAMETERS FOR HYPERSTUD!
oL I | == Ean B
Magnet llllcehlmnl(olqulm.ml = Speed (rpm) =) requency (Hz) o ! — EXPORTPN?WERS L @
4 Mechanical power (W) S ¥ g es (W) g |Comnector name ;\;;':y;:"s.ww
< () ks < 8 N =
Stat winding ine current, rms (A) a o
S ine-Line voltage, rms (V) a a
B9 T m— e .
Masses. Moments of inertia T (NmA) o
é balance | o | |
" w) =]
Costs o o
m] [m]
Configuration W) =] o
o
@ @ m‘:m,mm ‘ a Fiux density 1st harm,, rms {T) l o Lmdersty peak (T)
i o lux / pole, ARV (Wb) =] Fiux / pale 1st harm., rms (Wo) o |Fiux  pote, peak (Wb) o
etings fregand B e 7z G’
Stator tooth, max (T, Stator tooth, mean (T)
@ {Stator faot tooth ma’:-}r- u} Stator toot tooth, mean (T) o ? ?
Wwinding & Magnets iL'..mv yu:e ma(T) g Stator yoke me.r[m g
ator yoke, max (T) Rotor yoke. mean (T)
Main results- Flmm Benavior | (s] : | |
ﬁ = ‘Fmd:"i:r,‘ mean (T) o c Nekd 50% (Am) o |Demagnetzation rate < CFS0 (%) T O
Worbbig ek ok IMaanetic nstd strengtn. mean (A/m) a Coercive field 30% (Am) =] rate > CF0 (%) o
Motor Factory — EXPORT AREA — Export connector for HyperStudy® — Export information
1 Tab to be expanded to define the export information for HyperStudy®
2 Area in which the export parameters to be defined are listed
3 Button to validate the previous choices
4 Buttons to finalize the export.
42 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.
ab Button to finalize the export of the connector. When one clicks on this button opened the folder where the connector
is stored.

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

VLS

A= (2)

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

1 Error message written in red font
2 The two buttons to export the connector and run launch HyperStudy are not active if the needed data is missing
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4.8  Get back Altair® HyperStudy® results in Altair® FluxMotor®

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

© ©

@ Motor Catalog BOR
-m T - o
@ % § @ @ ¢ g8 7 @
- : : :
CATALOG EDIT NEW DUPLIJATE IMPORT DELETE ADD ADD ALL MPAR
CATALOG SELECTOR CATALOG : HfstConnector - [MOTOR : EX2_run_00028 PERFORMANCE
REFERENCE CLASSIFICATION
= Synchrenous Maching Mator Fe2_run_00028
=-induction Machine Catales HstConnector
Famnily Synchronous
Type Permanent magnet
Sub.type Inner rator
Elec. supp W network 3Phase
STATOR
Outer diameter (mm) 140.0
Inner diameter (mm) 740
Length (mem)} 145.0
NO. Sl0tS 4
Library 05 PiTooth
Fart 05, PilTooth_050
Material REF.M330_354
Condutor material REF.COpper
ARGAP |
USER | [Length imem) 1.0 |
= synchrenous Machine | Liser|
L pa-nnerRator-3Phase ROTOR
Outer diameter (mm) 20
L iser_SM_BM_iR_30h Inner diameter mm) | 30.0
i PM-OuterRotor-3rhase Length (rmemi) 145.0
S-induction Machine % Mo, poles A
4 S Innerfotor-3Phase Library Ims_Ring.
- S0 Outerfintor-1Phase ® Part ims_Ring 028
- Material REF.M330 354
[Magnet material REF.NdFeB_1370_1273
. SHAFT [
o - Topology None
CFETOMLTFCl 2 run_0O029  EL2 run_00030  EL2run_00031  EI2run_DO032 EI2run_00033 L2 run_00034 EI2_run_DO03S  EIZ_run_00036 |ﬁwuI B |

6 60 60 60 60 60 6 6 6

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 test runs performed with HyperStudy® are stored in the dedicated catalog
Each motor can be selected, visualized, and edited in the Motor Factory, to be evaluated more in depth

WIN|F-
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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) P — o X
7Z Untitled - Altair HyperStudy™ 2020 (71.1868057)
€3 Add Solver Script 2 Remo t File = Edit = View Tools  Applications  Help L S[
|

B
Label Varmame Type Preference Path + } E :Evyﬁern Arguments
} <

New R t fers  Messages |

"

View
Approach:

AR ST

Register ...

Solver Script

) e et i |

:

G User Utility

Optimizer

=TT

v External Fit

©
S [V [OR VvHvr I I VR Vi [V
p | R TIR: {11{ 040 R {1

W
T
5

15 FluxMotor fluxmotor A C:/Program Files/Altair/2023.1/flux/FluxMotor/Scriptsfwin/FluxMotors.exe

v
C:/Program Files/Altair/2023.1/flux/FluxMotor/Scripts/win/FluxMotors.exe

Connection between FluxMotor® and HyperStudy®

1 Open the area in HyperStudy® to register FluxMotor® 2023.1 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\Altain2023.1\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.
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Preferences

Common Path Look Shortcuts Advanced
Default creation catalog path [Causers\._Y ] ®
Default creation library path [Causers\._v ] ®
Defautt creation material path [Cusersix ] ®
Default export python file path [Ciusersi._v ] @
Defaut source excel fle path [CaUsers\.\ ] ®
Default source attachment file path [Causers\_\ ] ®
Default export image path [C:userst.\ | @
Default export report path [CUsers\ 1 ®
Default export script path [Cawuser: 1 ®
Default export material path [CUsersL.\ 1 ®
Default HyperStudy connector path [C:usersy.\ ] @
Default HyperStudy catalog path [CaUsers\ 1 ®
Default export to Flux path C\Users\_\ 1 ®
Default Motor Factory working directory path [CaUser: ] @
Default LuT export common path [Ciuser: 1 ®
Path To a C++ compller (needed for FMU) [C:\User: | @
Path to Hyperstudy (needed for Hyperstudy export) [C\Users\_\ * —&

@

®

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

Proprietary Information of Altair Engineering
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) 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 Working point Sine wave Motor I-\-N
Performance mapping Sine wave Motor Eff. Map. - FEMT

Note: These models are considered for inner rotor machines and outer rotor machines and for 3-Phase and polyphase machines as well,
excepting the last one (performance mapping) which is only implemented for inner rotor 3-Phase machines only.

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

©

DOCUMENT ADVANCED TOOLS SYSTEM

€ o = 5% B

REPORT SCRIPT HYPERSTUDY FLUSSKEW  FLUX O Wt

EXPORT

CHARACTERIZATION - OPEN CIRCUIT - MOTOR AND GENERATOR - BACK EMF FLUX 2D 7
overvew | suic QTR
L] -
Export a model for transient magnetic application Settings - |
In FluxzD enviranment - Theml T
Characteriz N / Ope reui ':'- & erator / Back-emf Inputs ()
Machine behavior when running in open cireuit state * Speed-N z

Eff. map - FEMT
2. TEST CONFIGURATION
3. EXPORT INFORMATION

oy @
1. TEST SELECTION
Selectthe testto be modeled

2. TESTCONFIGURATION

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[O~ WIN|F
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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 ?

|

Open circuit - Motor & Generatol

BEWorking

BSine wave - Motor
-W-N

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

3. EXPORT INFORMATION

=] (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

AN

Define export information

Proprietary Information of Altair Engineering
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5.4 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.

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.

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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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 ?

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, 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.

®»E

g » [ W|IN[F

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 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 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
57.1 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 Working point Sine wave Motor I-\-N
Performance mapping Sine wave Motor Eff. Map. - FEMT

The following section give 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 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

EQ@E Jd

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.

5.7.2.2 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.
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5.7.2.3 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

5.7.2.4 Advanced inputs

The list of advanced inputs dedicated to this export are listed below.
For more details, please refer to the section 5.7.7 - 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.
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5.7.3  Without scenario — Current source — Motor and generator — Thermal model
5.7.3.1 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.

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

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.

5.7.3.2 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.

5.7.3.3 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

5.7.3.4 Advanced inputs

There are no advanced inputs required for this export.

N\ ALTAIR
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5.7.4 Characterization — Open circuit — Motor & Generator — Back — emf
5.7.4.1 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.

5.7.4.2 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.

5.7.4.3 Standard inputs

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

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 5.7.7 - 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.
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5.7.5 Working point — Sine wave — Motor — I, ¥, N
5.7.5.1 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 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 and magnets

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

Three choices are possible:

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

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

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

The list of advanced inputs dedicated to this export are listed below.
For more details, please refer to the section 5.7.7 - 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.
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5.7.6  Performance mapping — Sine wave — Motor — Efficiency map - FeMT

5.7.6.1 Positioning and objective

The aim of the test “Performance mapping — Sine wave — Motor — Efficiency map - FeMT” is to characterize the machine efficiency

map, launching a set of transient simulations which allows very high accuracy.
Note: This test is not available for polyphase machines.

The resulting model is fully parameterized, and it is built in Flux® 2D environment, transient application. To run this test, Flux® 2D offers
a dedicated toolbox called Flux e-Machine Toolbox (FeMT), which automatically manage the set of simulations and their postprocessing

to build complete and accurate maps.

Through this export, the users will obtain a FeMT project ready to be solved. Additionally, the Flux® 2D project used by FeMT is also

available.

Note: It should be noted that, even if the export process is quite fast, the simulation in FeMT is based on a big set of transient simulations,

that usually requires a high computation time. For more information, refer to FeMT Help.

TESTDATA PERFORMANCE MAPPING

Test Conditions s Overview Results_to_be_displayed X

Efficiency in Torque-Speed Area
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Settings Inputs

Torque - Speed Maps
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Power Iron Losses
Joule Losses Rotor Eddy Current

Losses
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975661 l
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764861 =

694361

Machine efficiency

SINE WAVE TEST
PARAMETERS

Max Phase Current, rms (A) 2000
Max. Phase Voltage, rms (V) 220.0
Command Mode MTPA
|Maximum Speed (rpm) 75000
Rotor Initial Position Mode Auto
Rotor initial position (deg)

No. Comp. for Jd, Jq 8
No. Comp. for Speed 10
No. Comp. / Elect Period 30
Distribution (local) Yes
Numerical Memory (MIB) 16651
No.Cores (Mumps) 1

[> ]
(8] [&]

TESTS B3 i

Results_to_be_ . 2022-01-25 09.56:14

Flux e-Machine Toolbox (FEMT)

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

5.7.6.2 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.

5.7.6.3 Standard inputs

1) Maximum phase current, rms

The maximum phase current supplied to the machine: “Phase current rms” (Maximum phase current, rms value) must be provided.

2) Maximum phase voltage, rms

The maximum phase voltage supplied to the machine: “Phase voltage rms” (Maximum phase voltage, rms value) must be provided.

3) Command mode

The user can choose between two types of command modes:
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e Maximum Torque Per Voltage (MTPV)
e Maximum Torque Per Amps (MPTA)

Note: MTPV guarantees the maximum mechanical torque (or mechanical power) for each speed, considering the electrical limits
established (i.e., max phase current and voltage). This command mode shows the full potential of the machine, but it is also the most
difficult command mode to implement in terms of control and drive. On the contrary, MTPA is the easiest implementation for control and
drive, but some regions of the torque-speed map that are attainable for MTPV are no longer available for a MTPA strategy.

4) Speed
The maximum “Speed” (Maximum speed) of the machine must be set.

5.7.6.4 Advanced inputs

The list of advanced inputs dedicated to this export are presented below.
For more details, please refer to the section 5.7.7 - List of generic advanced inputs.

1) Number of computations per electrical period
The default value is equal to 30. The minimum allowed value is 13.

2) Number of computations for Jd, Jq
The default value is equal to 8. The minimum allowed value is 5.

3) Number of computations for speed
The default value is equal to 10. The minimum allowed value is 5.

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

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

5.7.6.5 Exportinputs

This test offers an additional input in the export information.

1) Generate Flux project.

The FeMT project is automatically generated by the export process. The source Flux® 2D project is created, only if this input is set to
“Yes”. Its default value is “No”.

5.7.7 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”.

.\ ALTAIR
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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 SMPM_IOR_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 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.

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

@ ®

QU Motor Factory  Newttort A E
- DESIGN DOCUMENT ADVANCED TOOLS SYSTEM
: = [ / 5 % | 3
= L O \
k e € % & %@ ©)
'WITHOUT SOLVING SCENARIO - CURRENT SOURCE - MOTOR AND GENERATOR - BASIC MODEL FLUX SKEW ?
(o | EER e
[ ]
Export a model for static magnetic application Settings o .
EERC e S + Thermal [ cmocs
Nithout ne sce 2. TEST CONFIGURATION
Inputs.
5 o] 3. EXPORT INFORMATION

+ Control angle- ¥

W.E_@
E.@—@

1. TEST SELECTION

Select the testto be modeled
2. TEST CONFIGURATION

Define the defaultvalues of the testinputs
3. EXPORT INFORMATION

Finalize the export process.

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

Selection of the EXPORT area of Motor Factory.

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

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

Click on the tab to select the application (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 OO~ |WIN|F-
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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 ?
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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7 BUILD AND EXPORT A MODEL IN ALTAIR® FLUX® 3D ENVIRONMENT

7.1 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® 3D

environment.

In the current version of FluxMotor® the only application type available for Flux® 3D export is STATIC for three-phase inner rotor SMPM.

Transient export and outer rotor /polyphase machines will be addressed in a future version.

Application Model family Package Convention Model / Test
STATIC Without solving scenario Current source Motor & Generator Basic model
The following section gives a short description of the process to export the model into Flux® 3D environment.
7.2  Areato build and to export a model to Flux® 3D environment
r3= é € = % = | B8 ®@
'WITHOUT SOLVING SCENARIO - CURRENT SOURCE - MOTOR AND GENERATOR - BASIC MODEL 30 ?
. Lengens
Export a model for static magnetic application settings _
in Flux3D enviranment « Thermal
e SR M-

» Control angle- ¥ 2. TEST CONFIGURATION

3.EXPORT INFORMATION

1. TESTSELECTION
Select the testto be modeled
2. TEST CONFIGURATION
Define the defaultvalues of the testinputs
3. EXPORT INFORMATION
Finalize the export process

[vilol |
[ Jo[ 5]

=0 @

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

Selection of the EXPORT area of Motor Factory.

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

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

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

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

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

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

O |INO U™ W|IN|(F

Buttons to export the python file for building the model in Flux® 3D environment or to launch directly Flux® 3D.
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7.3  Particularities in building and exporting a model to Flux® 3D environment

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

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

FLUX 3D ?

FLUX 3D ?
= I ~—@—~ s B
Export Lengths

Export RN

2 STATOR
Quter diameter (mm)
1. TEST SELECTION Inner diameter (mm)
2. TEST CONFIGURATION Stator length (mm}) 1500
No. slots
3. EXPORT INFORMATION
» ROTOR
INPUTS Quter diameter (mm)
File name FluciDMaodel Inner diameter (mm) 1
Destination folder C\Users Rotor length (mm) 150.0
Full geometry Na 4 No. poles
Symmetry Yes Magnet length (mm) 150.0
][5 (5) ~a

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

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

Table containing rotor topology features. Rotor and magnets lengths may be modified.

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

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

g b |WIN|F

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

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

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

Note 3: Export to Flux® 3D is not available for skewed topologies. In this case Flux® SKEW export is recommended.

.\ ALTAIR
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8 EXPORT TO SYSTEM

8.1 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 Ja-Jq plane, for characterizing the 3-Phase synchronous machines with
are computed and exported.

permanent magnets

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.

8.2  Areato export LUT

Settings
* Thermal

Outputs

2D maps defined in the J4- ], area
+ Coupling fluxes- @, &,

2. TEST CONFIGURATION

DOCUMENT ADVANCED TOOLS SYYTEM
P L/ ) N ) )
T % % % ®
EXPORT
CHARACTERIZATION - MODEL - MOTOR - MAPS LT ?
T —

2o

» Electronics
+ Mechanics

+ Dynamicinductances

Export machine maps, curves and constants like lookup table
« Dynamic crossinductances

in FMU and MAT format files 3. EXPORT INFORMATION.

+ Static inductances
+ Emag. Torque

+ Joule &iron losses
+ Mechanical losses
+ Totallosses

Allow to evaluate the machine behavior with its drive and
control system in Activate, PSIM...

Inputs
+ Max. line current- L,
+ Max.speed N,

+ Magnetflux
+ Winding resistance
« Endwindinginductance

(B ]

.- B 1. TESTSELECTION
¢ & = Selectthe test ta be modeled
2. TEST CONFIGURATION
Define the defaultvalues of the testinputs
3. EXPORT INFORMATION
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

QB WIN|F

Button to validate inputs, display a preview and export the data.
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8.3  Steps to build an export LUT

8.3.1 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.

8.3.2 Test selection

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

e  Characterization / Model / Motor / Maps

8.3.3 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.

CHARACTERIZATION - MODEL - MOTOR - MAPS

©

©

wr

@

7

2D maps defined in the ] - ]y area Settings
+ Thermal

Export machine maps, curves and constants like lookup table + Electronics

in FMU and MAT format files 0 (LR

Allow to evaluate the machine behavior with its drive and Inputs.

control system in Activate, PSIM.. « Max. linecurrent- |,
+ Man. speed- N...

+ Operating quadrant

Outputs

« Coupling fluxes- &, ®,
+ Dynamic inductances
+ Dynamic cross inductances
+ Static inductances.

- Emag. Torque

« Joule &iron losses

+ Mechanical losses

+ Totallosses

* Magnet flux

+ Windingresistance

+ Endwindinginductance

Operating quadrants

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

Maximum speed (rpm)
Rotor position dependency
MNo. computed elec. periods

INPUTS

1st & 2nd
2nd & 3rd
All

1. TEST SELECTION|

LUT

1. TEST SELECTION

2, TEST CONFIGURATION

i *°x

Thermal Electronics Mechanics mpaor

6 =

INPUTS

Operating quadrants
Max. current dens., rms

Maximum speed (rpm

Mo, computed elec. peri
No. comp. / elec. period

Rotor position dependency Y
ods 1
& |40

2nd
(AMmM2) & |6.0

Mo comp. for Jd, Jg
MNa. camp. far speed

Mesh order
Alrgap mesh coefficient

Retor initial position (deg) Lt

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

AIWIN(F

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 inputs define the quadrants in the Jd - Jq plane, where the test will be carried out. By default, the only considered quadrant is
the 2" one (i.e., the grid is only defined for negative values of the current in the d axis and positive ones in the q axis). This corresponds

to the motor behavior of the machine.

Options allow computing and displaying 1, 2 or 4 quadrants.
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By default, the only considered quadrant is the 2nd one (i.e., the grid is only defined for negative values of the current in the d axis and
positive ones in the q axis). This corresponds to the motor behavior of the machine.
The other possible values for this input are: “2nd and 3rd “, “1st and 2nd “and “all”.

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 Jq4- Jq plane with an additional third 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).

8.3.4 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

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

o The destination folder in which the previous directory will be located

- = DOCUMENT ADVANCED TOOLS SYSTEM
5 = P 7 ) 5 ) S ) .
=) w2 € % ® = | & ®
m REPORT  SCRIT HYPERSTUDY  FLUX2D  FLUXSKEW  FLUX3D
CHARACTERIZATION - MODEL - MOTOR - MAPS Lt ?
overven [1.7esT seLecTion ]
1 2. TEST CONFIGURATION o
2D maps defined in the J,-Jq area Settings Outputs
+ Thermal + Coupling fluxes- @, ®,
Export machine maps, curves and constants like lookup table s E"“‘hm'““ + Dynamicinductances
in FMU and MAT format files S harcs . ?é’:z’::";“"{‘::;’(’;‘:”"""‘“
Allow to evaluate the machine behavior with its drive and Inputs S RagToae
control system in Activate, PSIM... * Max.linecurrent-1,,, & &
Y + Max speed-N... Joule &iron losses

+ Mechanical losses
+ Totallosses

+ Magnetflux

Y& + Windingresistance
Newe + Endwindinginductance

Lag] S b R 57 SLECTION

1T ‘e : Select the test to be modeled
: 1 e
; %”' 2.TESTCONFIGURATION

\ Define the defaultvalues of the testinputs

L
E 3, EXPORTINFORMATION
Finalize the export process

Motor Factory — EXPORT AREA — SYSTEM — LUT / Export information

Tab to be expanded to define the export information.

Area in which the export information of parameters to be defined are listed

Button to validate the previous choices

Button to finalize the export of the data files. One click opens the folder where the directory is located

AN
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8.4 FMU format files
8.4.1  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).

2\ Altair FluxMotor”

FMU Information =81 880iiiniaiiaiiniiiiioiiianiaiiiiniiisaiinsiinniiinnaninnaasnninnnnnnann i
Jd(A) FMU atinbutes
Attribute Value
x = General Information
tLd(H) fmiVersion 20
l modelName FMUData_DStatinductance
| — description Ayair Engineedng FMUData_DStatinductance
generationTool ———————————————— Copyright (C} 2017 Attair Engineering - All ight reserved - Versio_.
Jq(A):ALg‘CCK.I:RNAL generationDateAnd Time 2021-08-03T11:51:01Z
INTERFACE numberOf Eventindicators 0
variableNamingConvention structured
=) Model Exchange
modelldentifier FMUData_DStatinductance
Variables M Q  Name Deseription
2 Variable
Name Index &
FMData A ] name JdiA)
FMUACTVATE | ——————————> Jal#) 2 valuefieference !
aldtH) 3 causalty input
FMU_GENERIC ntemal 3 variability continuous
' datatype Real
:n‘:"":‘;ﬂ'm*”;::ew 2 declaredType Modelica Bectrical Analog Interfaces. Pin
Ma:nurv_vﬁ_dem—__m;_(A/m?) 7
No_comp_for_Jd._Jq 8
Maximum_speed_pm) 9
No_comp_for_speed 10
Themal_solving 1
Winding_straight_part_temperature_('C) 12
€S _end_winding_temperature_(C) 13
0CS_end_winding_temperature_(C) 14 -
Close

Exported FMU format files dedicated to Activate®

FMU Information 1110

A Altair FluxMotor” MU atruten
—»{Jd(A) Rt =

= General Information

fmiVersion 20

modelName FMUData_DStatinductance
[} description Alar Engineesing FMUData_DStatinductance
tLd(H) generationTodl T Copight (C)2017 Atair Engineeting - Al ight reserved - Versio
l generation Date And Time: 202109-03T11:50-56Z
— rumberCiEventindicators 0
o JG(AIFUNCTIONAL varabieNamingConvention structured
=l Model Exchange
ARG v

Y

madelldentfier FMUData_DStatinductance
INTERFACE

Varisbles ) a | Name Deserigtion
Name Tndex = Varable A
name
FMData A o

valueReference 1
FMU_ACTIVATE StLd_H. causalty input

:
2
H wariabiity continuous
interpol 4
_ 5 N datatype Real
FMU_GENERIC ;‘:ﬁ:;‘“""““—’”":‘:’ N : declaredType Modeica Bectrical Andlog Interiaces.Pin
Max_cunent_dens_ms__A_per_nm2_ 7

No_comp_for_Jd__Ja 8

Masimum_speed_mpm_ 9

No_comp_for_speed 10

Themnal _solving 1

Winding_straight_past_temperature_d_ 12

CS_end_winding_temperature__deg C_ 13

0CS_end_winding_temperature_deg__ 14

Magnet_temperature_Tmag_deg C_ 15

Rator_intial_position__deg_ 16

Qose

Exported FMU format files (Generic) compatible with other system simulation tools
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8.4.2 A C/C++ compiler is needed
8.4.2.1 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.qg. if you decide to use Professional Edition, a license is required)

8.4.2.2 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.

Preferences X
Q ©O w & X
Common ath Look Shortcuts Advanced

Default creation catalog path [Cwusersh—— | ®

Default creation library path [eausersi o\ ] @

Default creation material path ﬁsers. oo\ ] @

Default export python file path [Csers\..\ ] @

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

Default source attachment file path [causers X ] @

Default export image path Y ] ®

Default export report path @

Default export material path h \ @

Default HyperStudy cannector path [Chusersy I ®

Default HyperStudy catalog path [eausers).....\ ] ®

Default export to Flux path [Crwusers\ ..\ ] @

Default Motor Factory working directory path  [CAWINdows\......\ ] ®

Default FMU export common path [crusers\...X ] @

Path To a C++ compiler (needed for FMU) C:\Program Files (x86)\....... C 5 @

@

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

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

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

\Si(')sr:gr gr::zi/io 2019, C:\Program Files (x86)\Microsoft Visual Studio\2019\Professional\VC\Auxiliary\Build\vcvarsall.bat

\F;ir:lz(:ﬂsss_l?l?;lo 2019, C:\Program Files (x86)\Microsoft Visual Studio\2019\Enterprise\VC\Auxiliary\Build\vcvarsall.bat

\E/ir;tt(j;?rslstt_?dio 2017, C:\Program Files (x86)\Microsoft Visual Studio\2017\Community\VC\Auxiliary\Build\vcvarsall.bat

\Si(')sr:gr gr::zi/io 2017, C:\Program Files (x86)\Microsoft Visual Studio\2017\Professional\VC\Auxiliary\Build\vcvarsall.bat

\FE;ir:lzZISSS_I?S;Io 2017, C:\Program Files (x86)\Microsoft Visual Studio\2017\Enterprise\VC\Auxiliary\Build\vcvarsall.bat
nterprise

Microsoft® Visual Studio C:\Program Files (x86)\Microsoft Visual Studio\14.0\VC\Build\vcvarsall.bat
C++ 2015 Express
Microsoft® Visual Studio C:\Program Files (x86)\Microsoft Visual Studio\14.0\VC\Build\vcvarsall.bat
C++ 2015 Community
Microsoft® Visual Studio C:\Program Files (x86)\Microsoft Visual Studio\14.0\VC\Build\vcvarsall.bat
C++ 2015 Professional
Microsoft® Visual Studio C:\Program Files (x86)\Microsoft Visual Studio\2019\BuildTools\VC\Auxiliary\Build\vcvarsall.bat
2019, Build Tools
Microsoft® Visual Studio C:\Program Files (x86)\Microsoft Visual Studio\2017\BuildTools\VC\Auxiliary\Build\vcvarsall.bat
2017, Build Tools

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.

8.4.3 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 =R H S

= Palettes »

Activate Communicate
72 /|
Maodelica 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.

1 t . |
:4"3‘(‘:‘71: R R A R A SRR A R R R A R R R R R R R I S
UNIT ICOSSEORE—.
Gerwrdl Poramters . Advanced | Repoting | Model Exchange CoSimudaticn
FMU flename “ frma {3
Number of rputs 1 =
rput pods
Name Ossception | Dumpe Orect dependency vector forthe Tpnt
’ — - L n —
Number of outpts 1 o
Outgut pods
Nare Desarption Datatype
I |
Nurber of parmetens 0 &)
Refoad fe Reload
FMU Documentaticn Show
5 O 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.

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

0
FMUData_DFlux
HAkar Engneenng FMUData_DAw:

FMUData_DFhsx

M 2 | Name
« | F Variable
name
valueRaference

Deacphicn

Jdity

1
‘;\[ifj\.\\ubp g causalty input

intemal 1 vanabilty COMNUIE

Cument_definitien_mods 5 datate Faal

Mae_line_curert, e, (4) g declredTipe Medelca Bactical Analog Interfaces. Pin
Max_curent_dsra_rms_[Admm2y 7

Ha_camp_for_M._la

Madmum_speed_{pei) E

MNo_comp_for_speed o

Magnet_tempersture_Tmag_("T) 1

Winding_straight_part_temperature_('C] 12

C5_end_winding_tempsrsture_{'C) 3

OC5_end_sndng tempersture_(T) 14

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

2\ Altair FluxMotor”
o sda)

48
Jo g

INTERFAC

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:\UserFoldernExport_ FMU\FMU_AD\oml\constants.oml’)
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8.5 MAT format files
8.5.1 Introduction

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 “.ixt" files. Each file stocks the information about one exported variable (e.g., fluxes or

inductances):

constants.txt

DStatinductance bt

QDyninductance.txt

DCrossDyninductance.txt

IronLosses.txt

DDyninductance txt

JouleLosses.txt

Qffuxea QStatinductance.txt

DFluxtxt

Mechanicall osses.txt

Torque.txt

DFluxid0.txt

QCrossDyninductance.txt

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.txt - Notepad

File Edit Format View Help
lexport_details
#Software_source: AltairFluxtotor
#Version: 2022.2.0

aotor Name: Nissan_Leaf
#Catalog Name: User_SHM_PM_IR_3Ph
#Family: Synchronous

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

#o. phases: 3.0
#End_export_details

#Table_name=Input_Joulelosses
#Table_format-KeyValue
#Version=1.0

#
#Tten_number=12

#
#---General_Parameters---
Current_definition_mode=Current
Max_line_current,_rms_(A)=+3.600000E+02
Max_current_dens,_rms_(A/mm2)=+7.000000E+00
No_comp_for_3d,_Jg=+5.680000E+00
Maxinum_speed_(rpm)=+6.000000E+03
No_comp_for_speed=+5 . 0080005 +00

Thermal_solving=No
Winding_straight_part_temperature_(°C)=+1.0000005+02
€5_end_winding_temperature_(°C)=+1.086000E+52
0CS_end_winding_temperature_(°C)=+1.000000E+02
Hagnet_temperature_Tmag_(*C)=+1. 5860005 +02
Rotor_initial_position_(deg)=+4,500000E+01

#Table_name=FMUData_JouleLosses
#Table_format=20

#version-1.0

#

#Iten_number=1

saxis_number=2

#Axis_name_1=7d(A)
#axis_name_2=1q(A)
#

#hxis_unit_1=A
#Axis_unit_2-A

#
#Ttem_name_1-JouleLosses(h)
#

#Iten_unit_1=d
#
s
5

-4.242641E+02  -3.181981E+02  -2.121320E+82  -1.060660E+02
40.00D0GOEG0  +1.060660E+D2  +2.1213206+02  +3.181981E482

+3.640349E403  +2.Q47606E+03  +9.100871E+82  +2.275218E+02
+3.867870E403  +2.275218E+03  +1.137609E+03  +4.550436E482
+4.550436E+03  +2,957783E+03  +1.820174E+83  +1.137609E+03
+45.683045E403  +4.@05302E+03  12.057783E+03  42.2752186483
+7 +5. +a +3.8678705+483

+0.60B0GRE 00
+4.242641E402

+0.600000E+00
422752188402
+9.100871E+02
+2.0476965403
+3.640349E403

e 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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Command History . Variable Browser . _

Name Value Session Information I Type Scope
& ANGPOS_ROTOR_DEG 45 number Base
& AXIS_MAGMNET_TEMP 150 number Base
& Catalog_Name User_SM_FM_IR_3Ph string Base
G FLUX_D <matrix(1x25)> matrix Base
& FLUX_IDO [0.0671220325 0.0676971718 0.0632808409 _ matrix Base
G FLUX_Q <matrix(1x25)> matrix Base
& Family Synchronous string Base
& ID_PEAK [-424 264068711929 -318.198051533946 -21_  matrix Base
& |Q_PEAK [0 106.066017177982 212.132034355964 318_ matrix Base
& J_inertia 0.0299335738386677 number Base
& LD_DYN_vs_ID <matrix(1x25)> matrix Base
& LD_DYN_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_MECHANMICAL <matrix{1x200)= matrix Base
& LO_DYN_vs_ID <matrix(1x25)> matrix Base
& LO_DYN_vs_IQ <matrix(1x25)> matrix Base
& LO_STAT vs_ ID <matrix(1x25)> matrix Base
& LO_STAT_vs_IQ <matrix{1x25)> matrix Base
& L_end_winding 1.11642517844307e-05 number Base
& Motor_MName Missan_Leaf string Base
& No_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
B TEST_CURRENT_DEFINITION_MC_ CURRENT string Base
B TEST_CURRENT_DENSITY_RMS 7 number Base
B TEST_CURRENT_LINE_RMS 300 number Base
& TEST_MAXIMUM_SPEED 6000 number Base
B TEST_NO_COMPTUTATIONS_FOR. 5 number Base
B TEST_NO_COMPTUTATIONS_FOR. 5 number Base
B THERMAL_MAGNET_SOLVING_MO_ MAGNET_CONSTANT_TEMPERATURE  sting Base
% TORQUE <matrix(1x25)> matrix Base
B T_ACTIVE_LENGTH_WINDING_C 100 number Base
& T_CS5_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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