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Introduction

In this tutorial, users will learn the basic workflow and the functionalities available in FluxMotor to:
*  Create a geometry in the Design area of Motor Factory
+  Validate your topology by running tests and analysis in the Test area of Motor Factory

«  Export your FluxMotor project to Flux

The following training materials will be provided to you:

*  This step-by-step presentation

At the end of the tutorial, you are expected to:

*  Re-create a given IPM motor topology and run all the tests available in FluxMotor on it.

Related support documents:

. Online user notes and technical documents of FluxMotor

2 /\ ALTAIR
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Outlook

Introduction

1. Introduction to FluxMotor (slide 4-10)

2.  Definition of the Geometry and Physics of an Electric Motor model (slide 11-28)
3. Analysis and Automated Tests (slide 29-59)

4.  Model Export to Flux (slide 60-65)

Conclusion
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Introduction - General Overview of FluxMotor

* FluxMotor is a multiphysics software dedicated to the design of rotating electrical machines, such as electric
motors, with the simplest and the most intuitive user interface in the market.

+ It allows engineers to accelerate the design of machines and to quickly evaluate several machine configurations by
considering the electromagnetic, thermal and vibroacoustic aspects. A few minutes are enough to select the most
promising solution.

* The intuitive environment of FluxMotor allows users - from generalist to expert - to efficiently design, analyze and
optimize their electric motors.

* If required, the exports of FluxMotor projects to other Altair solutions allow carrying out advanced studies to be
carried out.

)\ ALTAIR



Introduction - General Overview of FluxMotor

Basic hypothesis

Finite element calculations are carried
out in 2D with Flux 2D

The finite element calculations are used in
order to consider the saturation and the
non-linearities of the materials with good
precision.

FE calculations are invisible to the user, to
maintain the ease of use.

Iron losses are neglected at the rotor

Since the most important part of the
losses is in the stator, the iron losses in
the rotor are neglected for the calculation
of the efficiency.

However, it is still possible to calculate it
by exporting the FluxMotor project to
solve in Flux 2D.

© Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.

Joule losses are neglected in magnets

The most important part of the Joule
losses is found in the stator windings, the
ones in the magnets are therefore
neglected for the calculation of the
efficiency.

It is also possible to calculate it in Flux 2D.
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Design Graph using Altair Solution
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Open FluxMotor
+ Directly using your FluxMotor desktop shortcut, or

 Indirectly via the Flux Supervisor

Altair’ Flux

New project

Open example

Python scripts

Batch solve

© Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.
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Open
Altair® FluxMotor®
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Distribution Server = Command
98 Manager o Manager Line
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FluxMotor Supervisor — General overview

@—‘ Motor Catalog Altair’ FluxMotor’

@—4. &%| Part Library New motor
@—. . Matenals
@—* Fﬂ Script Factory

@—-V Units TS
& Preferences SM_PM_IR_3Ph SM_PM_OR_3Ph IM_SQ_IR_3Ph IM_SQ_OR_3Ph
( : > - Resource 1 | Click on Motor Catalog. Refer to and manage catalogs, compare, and choose motors.

Click on a type of motor and get into Motor Factory for designing and testing motors.
® Help 5 types are available:

SM_PM_IR_3Ph: 3-Phase synchronous machines with permanent magnets — Inner rotor
SM RSM IR 3Ph SM_PM_OR_3Ph: 3-Phase synchronous machines with permanent magnets — outer rotor
Q - == SM_RSM_IR_3Ph: 3-Phase Reluctance Synchronous Machines — Inner rotor
IM_SQ_IR_3Ph: 3-Phase induction machines with squirrel cage — Inner rotor
Recent motors
®

IM_SQ_OR_3Ph: 3-Phase induction machines with squirrel cage — outer rotor
- NewMotor_2
e Open Altair® Flux®

\\\I]’n,,

’/

\\\m T,
Uy

Y.

N

Click on a recent studied motor and get into Motor Factory for designing and testing motors

Click on Part Library. Refer to and manage parts: choose, modify, or create

Click on Materials. Refer to and manage materials: choose, maodify, or create.

Click on Script Factory to create and run scripts for driving FluxMotor® applications.

Click on Units. Refer to and choose the units available in FluxMotor®.

Click on Preferences to choose user preferences.

Click on Resource gives access to Altair Connect.

Click on Help gives access to Online help, Licensing system and information about FluxMotor® and Altair® HyperWorks®
Click on “Open Altair® Flux®” to launch Flux® directly and quickly from FluxMotor® supervisor

oS,
O|o(~|®| || w

ala
alo
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FluxMotor - Principle Applications

» Motor Catalog: Project management tool to refer and manage catalogs, compare and choose motors. Standard or
user-created motors are available.

* Motor Factory: The main application for designing machines, evaluating their performance, and if necessary,
accessing other Altair solutions to carry out advanced studies. A starting topology is proposed for each type of
machine (New motor) or access to recently studied motors (Recent motors).

« Part Library: Management of machine components such as slots, magnets, etc... choice, modification or creation.

« Part Factory: Accessible from Part Library, it is a dedicated space for viewing, modifying or creating parametrized
parts.

« Materials: A comprehensive and evolutive material database. View and manage materials: Choice, modification or
creation.

« Script Factory: Allows you to drive FluxMotor via Python files and launch an automated experimental design.
* Units: Refer and choose the units available in the software.

» User preferences: Choice of user preferences.

)\ ALTAIR



DEFINITION OF THE GEOMETRY AND
PHYSICS OF AN ELECTRIC MOTOR MODEL
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Motor Factory — Geometric and Physical Definition of the Motor

MACHINE ROTOR STATOR COOLING MATERIALS
® = U @ « O X & M
TOPOLOGY HOUSING SHAFT MAGNET POLARIZATION SLOT WINDING EXTERNAL  INTERNAL MATERIALS

* Topology: Definition of structural data of the machine - Dimensions - Number of poles / slots, etc.

* Housing: Definition of the motor casing — Necessary to perform thermal and vibro-acoustic calculations

» Shaft: Definition of the rotor shaft and bearings — Necessary to perform thermal calculations

» Magnet: Definition of magnets - Choice of topology and dimensions and skewing of the rotor

* Polarization: Definition of the magnetization orientation of the magnets

» Slot: Definition of slots - Choice of topology, dimensions, skewing and shape of the stator laminations

* Winding: Definition of the winding — Architecture, coils, conductors, electrical insulation, filling of slots, etc.

» External cooling: Definition of the characteristics of the external cooling of the machine - Convection, radiation, cooling
system. Possible, only if the casing has been defined

* Internal cooling: Definition of the characteristics of the internal cooling of the motor - Convection, radiation, parasitic airgap,
slots, etc. Possible only if the casing, the shaft and the bearings have been defined

e Materials: Choice of machine materials from the materials database

)\ ALTAIR



Motor Factory — Motor Modification

© Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.

Double clicking on one of the motor types in "New motor" loads the corresponding default motor in the Motor Factory.
From there, one can modify the topology of the components (slots or magnets) along with the dimensions, and

thereafter carry out the analysis of the defined motor.

« In this tutorial, choose “SM_PM_IR_3Ph”.

R W coome  wammes
U @ « O X A

MAGNET  POLARIZATION SLOT  WINDNG
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St Ct r E | D E t E MACHINE ROTOR STATOR COOLING MATERIALS
@I = U D & O K © S\
TOPOLOGY HOUSING SHAFT MAGNET POLARIZATION SLOT WINDING EXTERNAL INTERNAL MATERIALS

Dimensions and topology

» The structural dimensions are important data in the specifications that are directly linked to the space constraints.

* The topology will affect the cost of the motor, since it can add the manufacturing difficulties and the material costs.
[

Datasheet
———Dimensioninput mode —————
S 1
L™ |
Step | Action ——
Choose to work with fixed Outer diameter (mm) 2600
1 ter di t Inner diameter (mm) 160.0
outer dlameter Length (mm) 0.0
. Na. slot 48
2 Fill in motor parameters 8. 508
. AIRGAP 2
3 Validate Length (mm) [8.0 E-1
ROTOR
Outer diameter (mm) 158.4
Inner diameter (mm) 110.0
Length (mm) 50.0
N No. poles i}
y ——
Y ®

» )\ ALTAIR
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Housing Definition

®

TOPOLOGY

{1

HOUSING

e

EXTERNAL  INTERNAL

A\

MATERIALS

MAGNET  POLARIZATION SLOT WINDING

* The housing definition makes it possible to evaluate the feasibility of a project in terms of size and mass (cost).

+ By defining the housing, many tests such as thermal or NVH analysis will be unlocked.

‘.

Enter frame definition

1 context

2 Add a circular frame

3 Fill in frame dimensions

4 Validate frame options

5 Enter fin definition context
6 Add parallel fins

7 Fill in fins dimensions

8 Validate fin options

. )\ ALTAIR
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Rotor Shaft Definition Lory M

TOPOLOGY HOUSINI MAGNET  POLARIZATION SLOT WINDING EXTERNAL  INTERNAL MATERIALS

* The definition of rotor shaft makes it possible to assess the feasibility of a project in terms of size and mass (cost).
* The central part is magnetically represented and affects the electromagnetic behavior of the motor.

+ Defining the rotor shaft (with its bearings) will unlock the thermal tests.

1 Enter shaft definition context
2 Add a shaft
3 Fill in shaft dimensions
4 Validate shaft options
C.5. diameter (mm) 5 Enter bearings definition context
o et (o ... e o
QES extension (mm) ggz;’;;“&;’ 6 Add bearings
7 Fill in bearing dimensions
8 Validate bearing options
4) 8)

. )\ ALTAIR
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Magnet Topology Definition

MACHINE

@ {1 =

TOPOLOGY HOUSING SHAFT
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ROTOR

STATOR COOLING MATERIALS

Ul <« O XL &3 M

MAGNET B POLARIZATION SLOT WINDING

EXTERNAL  INTERNAL MATERIALS

* The topology and dimensions of the magnets affect the motor performance, torque, torque ripple, motor efficiency,
and more precisely, the motor power and cost.

» Accurate definition of the magnets is essential to optimize the performance of the machine.

1 Enter magnet shape library
2 Enter iml_Vblock library
3 Select imb_Vblock 01E
4 Validate the magnet choice

MAGNET : ims_Ring_01A

Choose an other part

LIBRARY SELECTOR

RARY:imi_VBlock - PART : imi_VBlock_O1E

REFERE CE

- Inner magnet
imi_Block

USER

E-Inner magnet

Skew
|
-
Magnet shape
INPUTS

™ (mm) |7.136

OUTPUTS
R1 {mm) 72.064
VP (deg) 45.0

€
'~

A

ﬁ ‘ ﬁ |
”mwmmr imi_vBlock_01G  imi_VBlack_0TH

B

4 €& &
©)

@
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Magnet Geometry Definition

Fill in magnets
dimensions

1

2 Validate

18
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@ {1 =

TOPOLOGY HOUSING SHAFT

SLOT

WINDING

e

EXTERNAL  INTERNAL

A\

MATERIALS

Magnet shape

TM (mm) 7.0
WM (mm) 18.0
T1 (mm) 10.0
T2 (mm) 2.0
W1 (mm) 14.0
W2 (mm) 10
V1 (deg) 0.0

& smm! 1.0

<@

Vv

O

@
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Rotor Skewing

@ {1 =

TOPOLOGY HOUSING SHAFT

e

EXTERNAL  INTERNAL

A\

MAGNET B POLARIZATION MATERIALS

SLOT WINDING

« Skew consists of skewing the rotor along its length. This reduces torque oscillation, vibration and noise. An exact
choice of skewing is necessary because it can also reduce the average torque of the machine.

romweerae e
e
oesan TR

Type

Stator slot pitch ratio & |1.0

Auxial ratar slot angle (deg) 11.714
Stator slot pitch (deg) 75
Rator pole pitch (deg) 45.0

Slide put as an example to show the skewing option. There will be no skewing in the tutorial model (Do not define one.)

)\ ALTAIR
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Magnet Polarization Definition M@Wmm

* The polarization of magnets corresponds to the direction given to their magnetization.

 In motors, this is mainly (a) parallel or (b) radial. The reference coordinates for adjusting the polarization can be
global (center of the rotor) or local (localized coordinates depending on the topology of the magnet considered).
The arrows make it possible to visualize the orientation of the resulting polarization.

KO

\

EMagnet
Coord. system Lacal
Orientation Direction
Angle (deg) 90.0

)\ ALTAIR
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SI Ot TO p O I O g y Defi n i ti O n MACHINE ROTOR STATOR COOLING MATERIALS
@ 1= U @ |«<|O KL AN
TOPOLOGY HOUSING SHAFT MAGNET  POLARIZATION SLOT WINDING EXTERNAL  INTERNAL MATERIALS

* The topology and the dimensions of the slots determine the quantity of copper present in the stator.

« This directly influences the amount of current flowing in the winding, which in turn produces the Magnetomotive
Force (MMF) and the magnetic induction in the air gap.

« This also has an impact on the manufacturing costs of the stator (slot filling coefficients, etc.). Particular attention
must be given to the slot (conductor entry, cogging torque).

m Skew LIBRARY SELECTOR LIBRARY : os_PllTooth - PART: os_PllTooth_05E
REFERENCE
Lamination E- Outer slot
~os_Free
| F @ O i E—
Step Action - @ -
Slot shape
1 Enter slot shape library
. . INPUTS
2 Enter os_PilTooth library Hs () o9
) WT (mm) 5.243 USER .

3 Select os_PilTooth_05E HO (mm) 538 2 uter st
WO (mm) 1.261

4 Validate slot shape choice i

(3) +
0s_PlTooth_05D | BERAREEGNIES o5 _PliTooth_05F  0s_PliTooth_06A
QUTPUTS

R1 (mm)
R2 (mm}) ‘ ‘ 4 4
WS1 (mm)
WS2 (mm) 10.008
WS (mm) 5.062 ‘ 4 : >= Vv I @
D (mm) 29.617

21 2\ ALTAIR
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Slot Geometry Definition e

EXTERNAL  INTERNAL

A\

MATERIALS

TOPOLOGY HOUSING SHAFT

WINDING

The dimensions of the slots must be well chosen, so that it can contain all the electrical conductors necessary to
achieve the performance of the motor.

* In FluxMotor, if the fill factor is greater than 100%, indicating that there are more conductors than the slot can
accommodate, an error Waming IS given to the user.

CE—

1 Fill in slot dimensions
2 Validate

- )\ ALTAIR
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Winding Architecture A

MATERIALS

WINDING EXTERNAL  INTERNAL

TOPOLOGY HOUSING SHAFT

* The winding must be well defined to have a stator contribution to the magnetic induction, which is as sinusoidal as
possible. An idea of this form can be observed by looking at the magnetomotive force (MMF) as well as its
harmonic decomposition in the datasheet section.

* FluxMotor gives a feasible solution with the "Auto" mode. However, the user can define it more precisely if he feels
comfortable with the other definition modes.

MMF - Spatial representation

Sum of phases
[ phase 1
[ phase 2
O Phase 3

Harmonics

Selected harm. 4l

Phase (deg)

00 360.0

180 200 220 240 260 280 300 30 340 360

ical angle (deg)

X-axis

Mech. angle [~ ]
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Winding : Electric Wire Definition ® & U D

TOPOLOGY HOUSING SHAFT MAGNET  POLARIZATION

STATOR

< | O

SLOT WINDING

COOLING MATERIALS
FAE O S\

EXTERNAL  INTERNAL MATERIALS

« This menu is used to define the slot filling according to the chosen conductor topology (circular or rectangular).

* The main input data to consider are the number of turns per coil, the number of elementary conductors (wires) and

their dimensions.

« Several filling methods are available (ortho-cyclic, random or in layers) with also several methods of associating

the wires forming a conductor (grouped, vertical or horizontal).

1 Enter coil editor context

2 Choose circular wire topology

3 Choose « random » filling methodology

4 Choose « grouped » conductor grouping
method

5 Fill in insulation dimensions

6 Validate

WINDING

Winding

Insulation  End wind

topol

logy

<= ®

Slot filing

oo
00

i

0o | Pidwven
(o) ‘oo

Conducter grouping method

B
Le |

ColL

MNo. turns per cail
No. wires in hand

ire diameter (mm)
Inter-wire space (mm)

Twist
—

0.005
No

2\ ALTAIR
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. = . - - - - - MACHINE ROTOR STATOR COOLING MATERIALS
Winding : Wire Insulation Definition "o, 2 4 o  «[0 n .

» The electrical insulation of the conductors makes it possible to insulate the wires and prevent short circuits. It is
also possible to add one on the slot periphery to block the electrical conductivity with the ferromagnetic parts.

* Impregnation consists of pouring resin into the slot, so that it is full and there is better heat exchange.

nAm-mMs-cumm‘ WINDING ”
Datasheet

View

| Hairpin (1) |
<@ O
Caoil End wind.  ¥-Factar
Enter insulation
. edition context INSULATION
Wire (mm) 0.05
Fill in insulation Conductor (mm) .
2 . . )
dimensions Cail (mm) - <_®
i Liner (mm) 0.0
3 Validate Phase separator (mm)
Impregnation No
Impregnation goodness (%)

™) ®

25 2\ ALTAIR
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End Winding Definition

A\

WINDING EXTERNAL  INTERNAL MATERIALS

TOPOLOGY HOUSING SHAFT

» The coil end windings are the link between the forward and return bundles of the coils. It impacts the resistances
and inductances of the phases as well as the overall thermal behavior.

+ These end windings also have an impact on the cost and size of the machine.

1 Enter End winding edition context
2 Choose « U Shape » topology

3 Fill in end winding dimensions

4 Validate

0.C.S extension (mm) 15.0
C.S. total extension (mm) 265
0.C.S total extension {(mm) 26.5

[

@

C.5. extension (mm) 150
—®
@

- )\ ALTAIR
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Winding : X-Factor

TOPOLOGY HOUSING SHAFT

© Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.

WINDING

A\

EXTERNAL  INTERNAL MATERIALS

« This is a proportional coefficient allowing the values of the stator resistance and the inductance of the coil ends to

be adjusted according to the values measured or calculated elsewhere.

* The evaluation of the resistances is made with reference to the temperature to be considered. Note that this

temperature has no impact on the test environment of the machine.

Reference temperature (°C)
Winding resistance factor
End winding inductance factor

Vv

)\ ALTAIR



Materials Allocation

MATERIALS ?
N\

Materials
MACHINE

FFrame REF.EN_1_1151

Shaft REF.EN_1_1151

Bearing REF.EN_1_1151
ROTOR

Magnets

FHhdagnetic circuit

REF .5mCo_1040_1300

REF .M330_354A

Hinsulators

STATOR
Hhagnetic circuit REF.M330_35A
Coil conductor REF Copper

REF .Momex_130

COOLING
Hinternal fluid REF Air
External fluid REF Air
7/ITI
NI

1 Fill in materials information

2 Validate

@ {1 % U @ « O
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COOLING MATERIALS
EXTERNAL  INTERNAL MATERIALS

FluxMotor offers a catalog of materials. This covers major recurring

needs, namely:

e Laminations

* Ferromagnetic materials to build the magnetic circuit of the rotor

and stator

+ Solid materials (steel, etc.) to build the magnetic circuit of the rotor

and stator, if ferromagnetic, or other construction devices

* Magnets

 Electrical conductors (copper by default)

e Electrical insulators

It is also possible for the user to define one’s own materials from the

Materials module.

2\ ALTAIR



FLUXMOTOR
ANALYSIS AND AUTOMATIZED TESTS
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Introduction

Test interface

These checkmarks

appear once the analysis

has been carried out

|
/—
o

[=Open circut - Mator & Ge

Cogging
Back emt

© Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.

OJRORORONEIIRD )
OPENCIRCUIT  MODEL  DATASHEET = THERMAL SINE WAVE SQUARE WAVE SINE WAVE

=NVH - Warking Point
N

=NV - Spectrogram
LG
1l
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Motor Factory to Test Motors - Introduction

Internal computation procedure

« Within Motor Factory, different calculation methods are integrated: Analytics, finite elements and optimizations.

+ All tests are based on finite element modeling and calculations. The results are post-processed with the analytical
approach and optimization processes.

m
Tem,Park = E Xp X ((Dd x]q - cI:)q x]d)

G4 (wb)
Q-axis phase current Ja, mms (A)

3 ¥ ¥ & & & 3

nnnnn

D-axis phase current d, rms (A)
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Open Circuit Analysis (Phase Current = 0)

Torque ripple and airgap magnetic flux density

CHARACTERIZATION

)

(OPEN CIRCUIT

© Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.

WORKING POINT PERFORMANCE MAPPING ~ MECHANICS

ORORRORBORRT ) 5

MODEL DATASHEET ~THERMAL || SINE WAVE SQUARE WAVE SINE WAVE NVH

« Thanks to this test, it is possible to evaluate the impact of the machine topology (slots and magnets - number and
dimensions) on the characteristics of the cogging couple (magnitude and period).

EXPORT

Cagging tarque

il

Cogging torg, nam

SECTIONS
Configuration
Inputs Settings
Magnets
Main results
Wag. flux Cagging tarque
Graphs & tsoles

Cogging torg, harm

mﬂnﬁnr Factory  User_SM_PM_IR_3Pn Newhatort

CHARACTERIZATION WORKING POINT
A =
IPEN CIRCUIT MODEL DATASHEET  THERMAL SINE WAVE SQUARE WAVE SINE WAVE NvH
JIT - MOTOR - COGGING TORQUE
[N curer
Cogging torque characteristics Settings Outputs
+ Thermal « Cogging torque
« Fluxin ain

Evaluation of the impact of the machine topology:
numbers and dimensions of slots and magnets
Inputs

« Fluxdensityin iron

BaHE

©) *Magnet temperature can be

modified for this test

@

1 Choose Open Circuit test

2 Choose the cogging torque test

[ rra—

Launch computation

_@ 3

2\ ALTAIR



Open Circuit Analysis (Phase Current = 0)

Torque ripple and airgap magnetic flux density

© Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.

CHARACTERIZATION POINT P MAPPING MECHANICS

O]

OPEN CIRCUIT

2)

ORONONSUIRD) w )

MODEL DATASHEET ~THERMAL || SINE WAVE SQUARE WAVE SINE WAVE NVH

@

« Contrary, this test makes it possible to obtain the magnitude order of the magnetic induction induced by the
magnets in the different parts of the motor. Here, we can observe maximum and average magnitudes.

* These values are useful for motor sizing, to prevent potential saturation of ferromagnetic materials.

Flux density in magnetic circuit over the period of analysis

Flux density in iron
Stator tooth, max (T)
Stator foot toath, max (T)
Stator yoke, max (T)
Rator yoke, max (T)
Rotar web, max (T)
Rotor bridge, max (T)
Rator pole shoe, max (T)

1.08
1.326
1.117
1.518
1.47
2.007
2.07

Stator tooth, mean (T)
Stator foot tooth, mean (T)
Stator yoke, mean (T)
Rator yoke, mean (T)
Rator web, mean (T)
Rotor bridge, mean (T)
Rator pole shoe, mean (T)

6.365 E-1
5.229 E-1
5.338 E-1
T1.292 E-1
4.268 E-1
1.004

1.042

33
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Open Circuit Analysis (Phase Current = 0) TV B T W W

Torque ripple and airgap magnetic flux density

© Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.

CHARACTERIZATION

MAPPING MECHANICS

N
N
NVH

* The cogging torque is the motor torque at no current condition. It gives a vision of the tooth torque ripple that will

be found in the torque ripple under load and which, potentially, play an important vibro-acoustic role.

« Torque ripple that are too high will require more current to be countered when starting the motor. If these are too
high, it can be reduced by modifying the motor topology (more magnets or notches) and their dimensions or by

adding skewing.

Cogging torque versus rotor angular position

07

0.6+
0.5+
0.4+
0.34
0.2+
0.1
04
-0.14
-0.24
-0.34

Torgue (N.m)

-0.44
-0.54
-0.64

-07

34

T T T T T T T T T T T T T
0 0.5 1 1 2 25 3 35 4 45 5 55 ] 6.5 T T

Rotor angular position (deq)

2\ ALTAIR
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Open Circuit Analysis (Phase Current = 0)
Back-EMF Analysis

0N FORORRO)

OPENCIRCUIT | MODEL DATASHEET  THERMAL

3 (=)

SINE WAVE SQUARE WAVE

SINE WAVE

= *Magnet temperature can be
» D/’ij, ® modified for this test

cum ll MODEL  DATASHEET ~ THERMAL | | SINE WAVE SQUARE WAVE | SINE WAVE

Inputs: Settings Machine behavior when running in open circuit state Settings Outputs
E + Thermal . s;:k—sm; - *
Evaluation of the machine design: * Voltage constant - B
Winding & Magnets topology, winding architecture, coil composition & :—1‘:: :mp g St e p Action
and choice of materials Inputs * Fuxdensityiniron Tre
Main results + Speed-N it

* Magnet behavior

S

Graphs & tabls Choose the BackEMF test
I~

=

Phase volt. harm,

i

@
L é@ 1 Choose Open Circuit test
RO

2
3 Select rotating speed
4

Launch computation

LLvolage LL vorage harm.
LL vorage harm
Bargap 8 srgap ham
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Open Circuit Analysis (Phase Current = 0) LI A
ek EME Analysi EONIOROREORECES T T

Back EMF (Back-EMF) is the no-load voltage induced in the windings by the magnets.

It gives an image of the magnetic state of the machine. It is particularly interesting to observe its harmonic content
which gives an estimate of the excitations in the machine.

Phase voltage versus time - Open circuit

Phase voltage harmonic analysis - Open circuit

Voltage (V)

i Harmonic
V1 V2 V3
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System Analysis of the Motor SDe D Sw W |z

OFEN CIRCUIT |l MODEL | DATASHEET  THERMAL SINE WAVE SQUARE WAVE SINE

Motor characterization

* This study calculates the parameters which make it possible to model the electric motor during the system
analysis. The parameter maps are calculated and displayed in the Id, Iq plane.

« There are flux, inductances, torque but also iron losses, Joule losses, etc. These results make it possible to define
the size of the motor driving system.

—imhnwy * hewtdotor1 B3
[T
W Ol FEORROREC IR 0] ) ®
OPEN CIRCUT MODE |DATASHEET THERMAL SINE WAVE SQUARE WAVE SINE WAVE NVH
EXPORT
SECTIONS MODEL - MOTOR - MAPS MODEL ?
= = ] .
: 2D maps defined in the J4- ), area Settings Outputs —————— 0 A
E== ot o the machin behaor 1 s e ang < e s atled 1 Choose characterization model test
Sonitrol S;'mm s L= + Mechanics + Dynamic crossinductances i x 9
s ot inecurenc. ¢ gt —— 2 Fill in the computation parameters
& g;x: s!p:\:; Ndw :" J lfomx que | | INPUTS ‘ p p
+ Operatingquadran < Machiricidlosses Operating quadrants 2nd
« Totallosses | Max, cument dens , rms (Amm2) & (60 .
el — 2 3 Launch computation
| Rotor postion dej Mdtﬂ+ Na.

N

R R R R )
PR R B
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System Analysis of the Motor

Motor characterization

IO 1O,

SEN CRCUT i MODEL ] DATASHEET — THERMAL || SINE WAVE SQUARE WAVE

© Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.

CHARACTERIZATION WORKING POINT

OB ONED R

PERFORMANCE MAPPING

MECHANICS

™ =

NVH

* The parameters given in this table make it possible to produce an equivalent motor system model. This equation

model is used to calculate the voltages at the terminals of the machine and to represent its operation.

+ It is possible to calculate these quantities as a function of the temperature, by considering the variations of Br of

the magnets.

* Determination of the characteristics of magnets and windings:

Winding and Magnet characteristics

Winding

Winding connection Wye Winding resistance factar 1.0

Winding temperature (°C) 200

Phase resistance (Q) 2653E-2 Line-Line resistance (Q) 5.305 E-2 End winding resistance (Q) 1.884 E-2
Winding straight part temperature (°C) 200 C.S. end winding temperature (°C) 200 0.C.5. end winding temperature (°C) 200
Winding straight part resistance () 7.683 E-3 C.5. end winding resistance () 1.081 E-2 0.C.S. end winding resistance () 8.032 E-3
Magnets

Magnet temperature Tmag (°C) 200

Magnet name Magnet Material name REF.SmCo_1... |Material reference temp. Tref (°C) 200
Remanent induction at Tref (T) 1.04 Intrinsic coercive field at Tref (A/m) 1.8 EB Relative permeability at Tref 1.04
Remanent induction at Tmag (T) 1.04 Intrinsic coercive field at Tmag (A/m) 1.8 E6 Relative permeability at Tmag 1.04
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System Analysis of the Motor A I

OFEN CIRCUIT |l MODEL | DATASHEET  THERMAL SINE WAVE SQUARE WAVE SINE NvH

Flux and Inductances maps

* Representation of magnetic induction, static and dynamic inductances as a function of currents Id and Iq.

+ These data make it possible to calculate the motor efficiency maps which will be presented later.

Q-axis phase current Jg, rms (A)

828262 1.467E-1 802264
70
753162 133461 780084
emeE2 8 35 <
g 120081 = 5 80 757964 o
o 5 2
6.02862 = < = oeren = 9 T 735554 oy S
= < > < &N
g E g E e "
s2mE2 — s33E2 — ) 71364 — 2
g g 9 g £
asase2 = E b= BO03EZ — g # Bo1sE4 — ®
= o = e B
8 5 = 3 =
a2 = 8 sz & @ cesses =
g H g E
g 2 30 2
s0zE2 — £ S IS a £
£ I saser = £ @ 64264 = O
5 : < 3 g
b= 5
221262 3 s} sone2 B (e} 6.250E-4 é
= 2 20
i 3 @
152062 [ O 2
26572 O ozee4 (8
[=]
76903 10
12332 S807E4
177084
125965 5.586E-4
0 0 0 0 0 20 Ef 0

D-axis phase current Jd, rms (A)

D-axis phase current Jd, rms (A) D-axis phase current Jd, rms (A)
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Motor Datasheet = ﬁ
Characterization of the motor at the nominal working point S VS e —
ECTR o

OPENCIRCUIT  MODEL . THERMAL SINE WAVE SQUARE WAVE BINE WAVE

[« ization of the sa]_:np i Oié!plm = a
c 5 ta A
when operating at the base speed point Tl g o N Step ction

r'aJI

))

|®

ﬁ

winding & Magnets Overview of the electromagnetic behavior of the motor + Mechanics N m;:?r':a";e i x q
considering topology, s voltage and electrical current In gap Thermal  Electronics  Mechani A A
i rsuls Hering topology, suppy vokag o e e + Fluxdensityniron e @ Mo Choose characterization

+ Magnet behavior

+ Max.speed-N,,, + Inductances

datasheet test

il

=

+ Opencircuitdata Max, current dens., s (A/mm2) & |5.0
Base speed Power electronics Max. Line-Line voltage, rms (V) 390.0 X i i
= = = o 2 Fill in computation
— opencreue _— parameters
== h - .
(S Yot s 3 Launch computation
p:
uUVes Vnax A Baze spaed poknt _@
s Cless—
o lad e
Ripple torque Torque (I, %) 0,"
e st / i
Phase vottage LL voltage d‘;
t Ii : Ja Niase Speed

Flux bnkage B airgap
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Motor torque for a given current and voltage as a function of the |

rotor position

© Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.

Motor Datasheet sumersnzon s

KONRO] RON FOREORRD

« This is the instantaneous torque as a function of the angular position of the rotor.

* The average torque of the motor is a main criterion of the specifications.

Ripple mechanical torque versus rotor angular position
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PERFORMANCE MAPPING MECHANICS
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Motor Dat aS h eet Vé\:?l c%mm%n @ %ﬁ““ﬂ% PERFORM;;I;;MAPPING Ec\:i:lcs

AT MOEL | DATASHEET | THERMAL || SINE WAVE SQUARE WAVE NvH

Average torque as a function of control angle

» The control angle corresponds to the phase difference between the resulting flux and the rotor flux (magnet flux).

+ Depending on the saliency of the machine and for a given current value, it is possible to choose the optimum
operating point in terms of torque. For example:

Mechanical torque versus current and control angle

s H
! X
85+ H -
60 Control angle (deg) 34 783
s — 75,398 (A) (N.m): 71.127
X Working point (N.m): 71.128
w. ,,,,, -
-
E -
£ -
B
=3k
5-
m-
151 ¢
101
S-
0 ¥
0 10 20 30 40 50 60 70 20 %
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Thermal Characterization Test Do s(Dsw ® r

Steady State analysis

This analysis gives an overview of the temperature that the various parts of the motor will reach at steady state for
given thermal parameters and a set of losses.

(& EI=IE]
®_ ! Ol (FORR0 ) 5 @
opencrour  MoveL  oaraser [ inuuas ff| s wave souame wave e vave v
EXPORT
secTions L -MOTOR. THERMAL ?

I e

setngs.

Temperars 1 Choose thermal test

@ {3 Evaluating the impact of Emag on thermal behavior Se:!:np A ot:sqwu - i =
: ; . o e s ot

- ool el - e  — — 2 Choose steady state test
E and a set of losses f"ls'::d « Thermalparameters [Speed (1pm) 750.0
Fnal o A RS « Stator Joule losses Stator Jouts Wosses (W) las20 o .

: 3 ek et 3 Fill in computation parameters
E + Rotor iron losses 3100
4 Launch computation

p!
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Thermal Analysis

Temperature axial view

286.385

276.235

266.086

255.937

245,787

235.638

225.489

215.34

205.19

195.041

184.892

Temperature ("C)
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CHARACTERIZATION

IORRONC),

OPENCIRCUIT  MODEL  DATASHEET

Temperature radial view

)

THERMAL

WORKING POINT

S

SINE WAVE SQUARE WAVE

PERFORMANCE MAPPING MECHANICS

286.385

276.235

266.086

255.937

245.787

235.638

225.489

215.34

205.19

195.041

184.892
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Thermal Characterization Test e A

OFEN CIRCUIT - MODEL  DATASHEET [ THERMAL SINE WAVE SQUARE WAVE SINE WAVE NvH

MAPPING MECHANICS

Transient analysis

This analysis gives an overview of the evolution of the temperature of the various parts of the motor during a transient
computation for given thermal parameters and a set of losses.

THERMAL ?

v Motor & Generator Temperature radial view versus time

0 et | v Transient
193.766
176,389
E=
Tnimal Import / 158013
L =
Py N ‘é’ 141,636 - . -
Speed (rpm) 7500 L ‘% e 5 | - - s i
Statar Joule losses (W) 452.0 ‘ﬁ &
ALT—Y e
Stator iron losses (W) 185.0 l (—1 106,863 .,E,
@9 Magnet losses (W) 0.0 v'= g
Rotor iron losses (W) 300.0 .’l&- B &
Mechanical lasses (W) 0.0 A “’\%
Max. evaluation duratian (s) 3600.0 $\ y"\ 72.13
% N | step | Action |
Time step (s) 10 /%ll;zi\h\é%;,‘,‘\‘&\\ . Step Action
/ /’”‘“‘\\\\ ' 1 Choose transient test
37.377
o 2 Fill in computation parameters
M 3 Launch computation

45 2\ ALTAIR



46

© Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.

Working Point Analysis D D(Els ® | 2

With Sine Wave currents

This study gives a good estimate of the magnetic and electrical quantities as well as the losses of the machine for an
operating point defined by the user for a sinusoidal power supply.

S— —- R o sy [t

' @ | @
“ang N A A
- ) 'Q ® Uw W ) 1 m TN U Choose working point
e OPENCIRCUT ~MODEL  DATASHEET  THERMAL il e yiave E WAVE SKE WAVE oH 1 ;
sine wave test
@“’“‘“ - — | I e 2 Fill in the parameters
=] T e ey Thermal  Electronics  Mechanics 3 Launch computation
W Stepst defined by targeted current |, Control angle ¥ ¢ Generaldata
Main rasuts and speed N
@ —F—\ Overview of the resulting electromagnetic behavior INPUTS
Wonng port ol motx o dlikey Computation mods
Sl oo Current density, rms (A/mm2) &

i

Value found in
Datasheet test

+ AClosses
« Magnetjoule losses Cantrol angle (deg)
* Iron losses (stator, rotor)

Speed (rpm)

AC losses analysis
Ripple torque analysis
Additional losses (%)

¥

o
o
8

.

g
[

s9s - Accurate

i Value from

specifications
i
O—[]E E]

RiRiR
E
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Working Point Analysis

With Sine Wave currents

Interesting results (and usefulness):

1. General results characterizing the
operating point

2. Power balance, losses, efficiency

3. Magnetic induction and flux in the air
gap (generator of electromagnetic
forces)

4. Order of magnitude of induction in
the active parts of the magnetic
circuit of the motor (prevent
materials saturation)

5. Estimation of magnet
demagnetization

6. Magnetic induction in the air gap in
one pole

© Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.

CHARACTERIZATION WORKING POINT PERFORMANCE MAPPING  MECHANICS
4N [
ONRORORRON B W )
PENCIRCUT  MODEL DATASHEET  THERMAL [ SINE WAVEJSQUARE WAVE v

Machine performance - Working point
General data
Operating mode Mator

torque (N.m) 71.89 Speed (rpm) 1500.0 Electrical frequency (Hz) 100.0
Mechanical power (W) 11292415 Machine electrical power (W) 11816484 Machine total losses (W) 524.068

i ¥ (%) 95.565 Apparent power (VA) 14 802.511 Reactive power (VAr) 8915439

Control angle (deg) 34.856 Power factar 7983 E-1 Phase angle (deg) 37.034
Line current, rms (A) 75.398 Phase current, rms (A) 75.398
Line-Line voltage, rms (V) 113.348 ] Phase voltage, rms (V) 65.441
Machine constants
Current density, rms (A/mm2) 6.0 Electrical loading, rms (A/m) 504000 Power density (W/kg) 451.776
KT (N.mfA) 6742 E-1
Power balance
Machine total losses (W) 524 068
oOule losses (W) 452 382 Statar Joule losses (W) 452 382
Total Iron losses (W) 71687 Stator Iron losses (W) T1.687
Mechanical losses (W) 0.0 Additional 05s&s (W) 0.0
Flux in airgap
Flux density, ARV (T) 7.548 E-1 Flux density 1st harm., rms (T) B8.401 E-1 Flux density, peak (T) 1.539
Flux / pole, ARV (Wb) 2.359 E3 Flux / pole 15t harm., rms (Wh) 2626 E-3 Flux / pole, peak (Wh) 4.81E-3
Flux density in iron
Statar toath, max (T) 1.747 Statar toath, mean (T) 1.198
Stator foot tooth, max (T) 2048 Stator foot tooth, mean (T) 1.044
Stator yoke, max (T) 1.685 Stator yoke, mean (T) 9.878 E-1
Rotar yoke, max (T) 1.732 Rotar yoke, mean (T) 1.093
Rotor web, max (T) 1.888 Rotor web, mean (T) 1611
Rator bridge, max (T) 2366 Rotor bridge, mean (T) 1.638
Rotor pole shoe, max (T) 232 Rotor pole shoe, mean (T) 1.245
Magnet behavior
Magnet name Magnet Material name REF.SmCa_1
Flux density, mean (T) B8.29 E-1 Coercive field 50% (A/m) 90ES Demagnetization rate < CF50 (%) 100.0
Magnetic field strength, mean (A/m) 1.705 ES Caoercive field 90% (A/m) 1.62 E6 Demagnetization rate > CF90 (%) 00
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Working Point Analysis

Estimation of magnet demagnetization

CHARACTERIZATION

D DD D[

© Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.

WORKING POINT PERFORMANCE MAPPING MECHANICS

gy =

SENCIRCUIT  MODEL  DATASHEET  THERMAL [l SINE WAVEISQUARE WAVE NvH

The coercive field H; measures the magnetic field necessary to cancel the induction of a magnet. If the magnet works

in zone 1 (H<0.5H,), there is no risk that it will demagnetize.

Magnet behavior

Magnet name Magnet

Material name REF.SmCa_1...
Flux density, mean (T) 8.063 E-1 Coercive field 50% (A/m) 9.0 E5 Demagnetization rate < CF50 (%) 100.0
Magnetic field strength, mean (A/m) 1.868 ES Coercive field 90% (A/m) 1.62 E6 Demagnetization rate > CF90 (%) 0.0
Zone 2 Zone 1
Hrmagnet > 0.9H( B(H) & J(H) Hmagnet < 0.5 HJ II\_/Iaaht;Iet - Synjbul Tooltip, note, formula
15 I - — Material When several kinds of magnet materials are considered, the magnet
14 1 ' - - T aterial name - behavior is defined for each kind of magnet material
3 el T Flux density, mean B Flux density, mean value.
= 1 i . magnet Mean value of flux density computed in all the magnets.
10 N . Magnetic field strength, mean value.
03 Magnetic field strength, mean Hmaget Mean value of the magnetic field computed in all the magnets.
g Coerc.Field 50% 50%Hcy | Coercive field 50% 50%Hc] =0.5x Hel
os: i = limit to define Zone 1 for demagnetization analysis.
os Coerc.Field 90% 90%Hoy | Coercive field 90%. 90%HcT = 0.9 x Hel
:* i = limit to define Zone 2 for demagnetization analysis
02. D te < CF50 Domac50 Percentage of magnet area in Zone 1 (where maximum magnetic field,
ot R emag. rate emag absolute value, is lower than 50%HcI = 0.5 xHcl)
D to > CFG0 Derac80 Percentage of magnet area in Zone 2 (where maximum magnetic field,
HcJ H(A/m) emag. rate emag absolute value, is greater than 90%Hc] = 0.9 x HcJ
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Working Point Analysis

s/

OPENCIRCUIT  MOOEL  DATASHEET  THERMAL

Magnetic induction in the air gap for one pole

Flux density in airgap versus mechanical angle
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CHARACTERIZATION MECHANICS

ORORRON B0 B0

SINE WAV SQUARE WAVE

WORKING POINT PERFORMANCE MAPPING

B =
) N

NvH

2.355

2.122

1.888

1.655

1.422

1.188

Flux density (T)

9.549 E-1
7.216 E-1
4.883 E-1

255 E1

2.166 E-2
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Working Point Analysis DD D S]] 5 |2

OFENCIRCUIT - MODEL  DATASHEET — THERMAL SINE WAVElISQUARE WAVE SINE WAVE NvH

With Square Wave currents

This study gives a good estimate of the magnetic and electrical quantities as well as the losses of the machine for an
operating point defined by the user for a square power supply.

Tim:m *User_SM_PM_R_IPh Step_y_Step_Nousing. — 4 : m Generator S'[ep ACtion
K - IOJRORORRONMET] B0 ‘ i (1) 1 Choose working point
kol square wave test
- o] g o, 2 Fill in the parameters
= ‘ Thermal — Mechanics 3 Launch computation
‘ Identifying a base point Settings Outputs
R defined with a I-forced square wave drive I;:r}:v:‘vm S;':::Lf:{,’, NPUTS
= e 4 ek oAt et rarmr A pesie : ?Z:’ o Current density, peak (Jmm2) & |5.4
% ; + Fluxin airgap Speed (rpm)
i : 3:::;";3;::7" Contral angle (deg) 34856 |g
Vo Vo @9 Canduction angle (deg) 120.0 .
{ — I — Rise and fall angle (deg) 6.0 \ V8.|Ue found |n
Vot Iran lass computatian Na
Lf l— 1 " " | Losses in magnets computation No DataSheet test
Back-emf 2R T3 E " B
K lC G “.: ) | Additional losses (%) - 0.0
X
K Lf: Rise and fall N V |
‘ — \ | alue from
K Eoﬂaumoilangle_ H H
‘ specifications
( : Hl > I ENREE]
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Working Point Analysis

With Square Wave currents

HE)

OFENCIRCUIT - MODEL  DATASHEET — THERMAL SINE WAVElISQUARE WAVE SINE WAVE

Machine perfarmance - Working point

Operating mode
Mechanical torque (N.m) X Speed (rpm) 1500.0 Electrical frequency (Hz)

Mechanical power (W) Machine electrical power (W) 9 185.169 Machine total Iosses (W)
Machine efficiency (%) k Apparent power (VA) 27 B43.098
Control angle (deg) X Power factar 3299 E-1

Line current, rms (A) Phase current, rms (A) 65.53 Line current, peak (A)
Line-Line valtage, rms (V) Phase voltage, rms (V) 141 .63 Line-Line voltage, peak (V)

Current density, rms (A/mm2) 5215 Electrical loading, rms (A/m) 43 B03.681 Paower density (W/kg) 353.865

KT (N.m/A) 7.003E-1 KE (V.s/rad) 6119 E-

Machine total losses (W) 337.597 Joule losses (W) 337.597 Losses in magnet (W) 00

Iron losses (W) 0.0 Additional losses (W) 0.0 Mechanical losses (W) 0.0

Total ronfosses (W) |0 |Saorronosses (W) 00 |Roorionosses (W) __Joo |
Flux density, ARV (T) 6.622 Fllx density 1st harm., rms (T) 8906 E-1 Flux density, peak (T) 1.298

Flux / pole, ARV (Wb) 2.07 E3 Flux / pole 15t harm , rms (W) 2784 E-3 Flux / pole, peak (Wh) 4,057 E-3

Stator tooth, max (T) Stator tooth, mean (T)
Stator foot tooth, max (T) 2.101 Stator foot tooth, mean (T) 9703 E-1
Stator yoke, max (T) 1.758 Stator yoke, mean (T) 8767 E-1
Rotor yoke, max (T) 1.74 Rotor yoke, mean (T) 1.003
Rotor web, max (T) 1.86 Rotor web, mean (T) 1403

Rotor bridge, max (T) Rotor bridge, mean (T)
Rotor pole shoe, max (T) Rotor pole shoe, mean (T)

Magnet name Magnet Material name REF.SmCao_1
Flux density, mean (T) 8.484 E-1 Coertive figld 50% (A/m) 9.0E5 Demagnetization rate < CF50 (%) 100.0
Magnetic field strength, mean (A/m 1533 E5 Coercive figld 90% (A/m) 162 E6 Demagnetization rate > CF90 (%) 0.0

Ripple mechanical torque

Mechanical tarque (M.m) 56.325
Ripple mech. targue, pk-pk (N.m 17.203 Ripple mech. torque + vs avg (%) 30.542 Ripple torque period (deg, 15.0

)\ ALTAIR



52

Working Point Analysis

3

s/

OPEN CIRCUIT
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CHARACTERIZATION

OMORRO

MOOEL ~ DATASHEET  THERMAL

WORKING POINT

9

SINE WA

[SQUARE WAVE

PERFORMANCE MAPPING

s
[

MECHANICS

=
&
v

With Square Wave currents

Current (A)

0 0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008 0.009 0.01

Voltage (V)
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Working Point Analysis —— iy o (R

0N ORORROREC) KD 2y
With Square Wave currents

Torque (N.m)
mon o8

o 0.001 0.002 0.003 0.004 0.005 0.008 0.007 0.008 0.008 0.01
Time (s)
— Electromagnetic — Electromagnetic. mean  — Mechanical — Mechanical, mean

o 0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008 0.008 o
Time (s)

— Machine electrical — Mechanical
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Efficiency Maps Computation

© Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.

CHARACTERIZATION

KONRORORORMECRRD

OFENCIRCUIT - MODEL  DATASHEET — THERMAL SINE WAVE SQUARE WAVE

WORKING POINT

MECHANICS

B
&

« Efficiency maps give an estimate of machine behavior at different speed/torque operating points. The map
envelope represents the domain in which the machine operates. The point where one can have maximum torque

and speed for a given command is called "Base Point".

* Itis possible to define in this test the main characteristics of the motor, e.g., the selected command.

[ @ otor Factory~users_ A9 ey 5ep_ s
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INPUTS.
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Max Line-Une voitage. ms 1) [112.785
(Command mode TPy
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1 Choose performance mapping test
2 Fill in parameters

3 Launch computation
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Efficiency Maps Computation IR r
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CHARACTERIZATION T PERFOI

KONRORORORMECRRD

OFENCIRCUIT - MODEL  DATASHEET — THERMAL SINE WAVE SQUARE WAVE

NVH Analysis
Working point NVH analysis

* Analysis of the electromagnetic forces in the air gap obtained from the magnetic flux density components

* Sound pressure level?

[ @ Motor Factory - user_sw_pu_m_von stepby_sep_nousng Ba .
s CHARACTERGZATION Step | Action
d E\\‘
ks SD @.ﬁ m@ﬂ Q @w ;@M @% e )3 @ @ 1 Choose NVH test
EXPORT ‘
SECTIONS ANGLE SPEED NVH ? g g
ot T e _@ 2 Choose working point test
=] B Lo L
rois = 3 Fill in the parameters
=
b O et e wne o e L 38 4 Launch computation
Emog resuts defined by targeted current |, Control angle ‘¥ and speed N * Mechanics 2 Modal results B
@ NVH prediction in early electromagnetic design phase !nmmmnu A ;’"&:&'{l}’:ﬁ?ﬁém [Current densty, rms .w\‘ <5
Working port + Control angle- ¥ eyt Contro angl (dsg) [ 3
+ Speed-N |Speed (rpm) 1 5000
NVH resuts: « Magnettemperature 52
Mo =
R R O Value found in
Swis e Lo 4
n Datasheet test
A
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NVH A I . CHARACTERIZATION WORKING POINT PERFORMANCE MAPPING  MECHANICS
nalysis SIREEIEFIEER E

MOOEL ~DATASHEET THERMAL | | SINE WAVE SQUARE WAVE NvH

Working point NVH analysis results

Normal flux density in the airgap in space-time area p: is (4B ref. = ses Working point table]

Maxwell pressure in the airgap versus rotor angular position
g wer B E - s
5 z ~ 2
g i = § g unt §
§ o I ] 8
5 e = 2 ™ E
g
] x = 15 -0 1] 1 AL E :
Mechanical angle (deg) Spatial order
Maxwell pressure in the airgap in space-time area
Sound power level [dB ref, = 1E12W]

g 5 |
Y e -
2, @ ko
5 & 180 g | H
: : :
£ 5 neus B
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‘ 3

) E) 10 15 0 20 0 %0
Mechanical angle (deg)
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NVH Analysis

Spectrogram test

Confguration
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OPEN CIRCUIT  MODEL

DATASHEET ~ THERMAL SINE WAVE SQUARE WAVE SINE WAVE

HE)

NVH evaluation

when considering a set of working points
defined by targeted torque T, and speed N

NVH prediction in early electromagnetic design phase

Matural frequencies.
Radiation efficiencies

+ +
| Sound power | [ Spectrogram

settings
+ Thermal

+ Electronics
* Mechanics

Inputs
+ Max.line current- ,,

+ Max. Line-Linevoliage- U,
+ Max.speed- Ny,

+ Command mode

Outputs.

+ Generaldata

+ Electromagnetic data
+ Modal results

+ Radiationefliciency

+ Radiated sound power

+ Spectrogram
+ Radiatedsoundvs speed

1

2
3
4

Choose NVH test
Choose Spectrogram test
Fill in the parameters

Launch computation

Value found in
Datasheet test

)\ ALTAIR



NVI I A I l aI yS i S CHARACTERIZATICN WORKING POINT PERFORMANCE MAPPING MECHANICS

53 ¥, ke 7 %A “‘j e T R
Wy < )

Y xéy x_Dj 1) Wy vy A

) MOCEL DATASHEET THERMAL | SINEWAVE SQUARE WAVE HH

Spectrogram test

These graphics give an idea of the acoustic behaviour of our motor when making it do a speed ramp

Sound power level spectrogram in speed-frequency area [dB ref. = 1E-12W] Sound power level per engine order versus speed [dB ref. = 1E-12W]
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Export of the Project
Export Options

The project defined in FluxMotor can be exported to Flux in order to carry out additional studies.

This export is done by creating a Python code to be read in Flux in order to regenerate the geometry and physics of the
project. The python code can be run within FluxMotor or be called in Flux to generate the Flux project.

There are different type of exports :

1. Export to a document:

* Report: Create a PDF or HTML file showing all the work achieved to
design and test the machine.

+ “Script” : Build and export a python script file, in which all the needed
command lines are written to rebuild the considered motor. This script
can be used in Script Factory to automate some study.

2. HyperStudy : build a connector, allowing HyperStudy to drive FluxMotor
for performing motor optimizations.

3. Export to Flux : Create a Python script that recreates the geometry and
physics associated to a test in Flux.

4. Export machine maps, curves and constants (like LUT) in FMU and MAT
format files to do a driving system analysis in Activate, PSIM, ...

2\ ALTAIR
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DESIGN

TEST V‘ %E

DOCUMENT ADVANCED TOOLS SYSTEM

~ ~
SK 3D

Export of the Project

Creation of a Report

« 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 aresult, 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.

+ Various data can be shown in the report o —7 =
. . . 20 machine =0 Characterization =0 Lamination
(Design, Test, Material and Archive). 2 Towony ) con o e _ 5 e o o
O shan O Back emt O REFEN_1_1151
=0 Rotor =0 Model - Motor 80 magnet
» Each of this areas will represent a section of the " LT . 2
0O skew Ow o REF Gopper
report_ O Foiaraton 2 Thermai - Motor & Generator O e
a0 v S sOcas
O Design [;':r: :::f“ Motor 0 es
O ederma
1 Select the sections you want to appear in the report D v
O Matenats " c
Validate the selection =0 - Wanngom

2
3 See a preview of the report in FluxMotor interface
4

Export the report @
3) 4)

=0 m
=0 Cnaractenzation
= [0 Open circut - Motor & Generator
=0 Coggng
O cogging torque 2022_2 0
=0 Back emt
DO Back emf 2022_2_0
=00 Moded - Motor
=0 maps
O maps 2022_2 0
=0 Datasheet - Motor
=0 w
O Current-vorage 2022_2 0
@0 Thermai - Motor & Generator
=0 Steady st
D steady state 2022_2_0
=0 Transient
O Transient 2022_2_0
=0 working pont
@00 Sine wave - Motor
20 LN
O Current-Control angle-Speed 2.
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Export of the Project

Visualization of a report

Report Preview

111,81 Radial view

1.0.1.2 Axial view
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1. o
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PDF Report

Altair FluxMotor
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Export of the Project and Import in Flux

Geometry, physics and mesh defined in FluxMotor

DOCUMENT

DESIGN

i 7 ~
TEST = ‘ 2D
REPORT SCRIPT HYPERSTUDY, FLUX 2D FLUX SKEW FLUX 3D LT

EXPORT

ADVANCED TOOLS SYSTEM

~ ~
SK 3D

* The project defined in FluxMotor can be exported to Flux in order to carry out additional studies.

+ This export is done by creating a Python code to be read in Flux in order to regenerate the geometry and physics
of the project. The python code can be run within FluxMotor or be called in Flux to generate the Flux project.

* In the current version, models can be exported for static application or transient application in Flux environments :

Static Sinus.
1. TEST SELECTION

BElCharacterization
ElCpen circuit - Motor & Generatar
Back emf
BWorking paint
BlSine wave - Matar

I-W-N Hairpin (1)

2. TEST CONFIGURATION

3. EXPORT INFORMATION
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STATIC

TRANSIENT

3D / Skew

2D

Skew

Without solving
scenario

Without solving
scenario

Characterization
Working point
Working point

Characterization

Working point

Current source
Current source
Open circuit
Sine wave
Sine wave
Open circuit

Sine wave

Motor & Generator

Motor & Generator

Motor & Generator

Motor

Motor

Motor & Generator

Motor

Basic model
Basic model
Back-EMF
I-¥-N
I-WY-N (Hairpin)
Back-EMF

-$-N
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REPORT SCRIPT HYPERSTUDY|| FLUX2D FLUXSKEW FLUX3D LuT

&Il

EXPORT

Export of the Project and Import in Flux
Geometry, physics and mesh defined in FluxMotor

Here are quicksteps to create a transient magnetic model in

Flux 2D with FluxMotor.

Enter Flux2D Export area

? 2 Select the Transient I-P-N test
3 Fill in the test configuration inputs
4
1. TEST SELECTION
BCharscierizalion 5 Validate the configuration inputs
ECpen circuit - Motor 8 Generator
Back emf
Bworking paint 6
ool LW_N Hairgin (111)
| ‘ ;Tﬁm#;' _
. 3. EXPORT INFORMATION
T
+ 2, TEST CONFIGURATION
o N EEEE—— File name Flux2DModel l~
1K _ tion folder D:\nabdelnour2022111. I~
N i
Thermal = = =
M) = ®
Line current, rms (A) 103 006
Caontral angle (deg) 34.856
Values found i
alues round in \ReprESented coil conductors
5] ®

working point test
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Export of the Project and Import in Flux
Transient model in Flux2D

The python script is run automatically in Flux after clicking the export button and a Flux window is opened where the
geometry and physics of the project is regenerated. Regions, parameters (2), electric circuit (3) and motor mesh (4)
are defined in the script and can be checked in the project.

This project can be used to run additional analyses on it.
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CONCLUSIONS
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Conclusions

 This tutorial gives an overview of the basic workflow in FluxMotor. User can see the steps that
allows him to :

» Create a geometry in the Design area of Motor Factory

Validate your topology by running tests and analysis in the Test area of Motor Factory

Export your FluxMotor project to Flux
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