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TUTORIAL OUTLINE

|. Introduction

lI. 2D Electromagnetic Analysis (Flux)

* 1I.1: Loss computation

lll. 3D CFD Analysis (SimLab / AcuSolve)

* 11.1: eMotor CFD meshing
« |11.2: CFD solution setup

V. Conclusion
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INTRODUCTION
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INTRODUCTION
Application Case: IkerMAQ Motor

- About the machine: IkerMAQ! lkerMAQ
* Permanent Magnet Synchronous Machine 75 kW
Speed 1080 rpm
e Performance Study P
« Transient magnetic analysis
EMF (phase) 293 Vs
) NVH anaIySIS L X\ 717 i Current (phase) 87 Arms
. . . Vg e
* Vibration analysis “\ ) 0188 m
+ Acoustic analysis N 7 Effective length 0.31m
e Thermal ana|ysis Pole pairs number 5
Slots number 45

llkerMAQ PMSM has been designed by the technological center IK4-Ikerlan. A ALTAIR
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INTRODUCTION
Application Case: IkerMAQ Motor

CFD model illustration in SimLab

* Air cooling system

Fan Cover

2D periodic motor model
(electromagnetic analysis)

Fan

¥

Housing

: Periodic motor model
/ - (CFD analysis)

Cover

The external fan will be considered

in the “boundary condition”
Y

=

5 J\ ALTAIR

Windings
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INTRODUCTION
E-Motors CFD Analysis with SimLab

* Analysis workflow (Flux-AcuSolve one way coupling application)

Flux
Magnetic
Analysis

SimLab
Sketcher

Iron losses
Joule losses
Magnet losses

AcuSolve

(periodic :
CFD Analysis

model)

6 /\ ALTAIR
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2D ELECTROMAGNETIC ANALYSIS (FLUX)

J\ ALTAIR
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LOSS COMPUTATION
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2D ELECTROMAGNETIC ANALYSIS

Loss Computation

Loss distribution inside an eMotor
Generally, it can be divided into the following three cases
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2D ELECTROMAGNETIC ANALYSIS

Loss Computation: Total Value Method

* Loss distribution inside an eMotor

* The losses insides an eMotor will be defined as Heat Sources in SimLab for AcuSque.

Coil losses (Joule loss)

Magnet losses (Joule loss)

* As the temperature distribution in coil regions (both straight parts
and the end-windings) and magnet regions is quite homogeneous,
the Heat Source of the coil and magnet bodies can be defined
using the total loss value.

10

=z Edit Compute on physic entity[ComputePhysic]

General | Computation context ',

Storage name *
|Winding_Loss_1 \
-Computed formulas
Region Mechanical set
PjouleCC(PHA) V]
PiouleCC(PHE) K0
PiouleCC(PHC) [
PiouleCCIPHAMPioule CCIPHB1+Pioule CCIPHC) |LFCH]
[0
-Results of computation
Label | Value
Circuit - Coil conductor  Joul... 338.172219311186 W v,
Circuit - Coil conductor / Joul... 410.439580469428 W W,
Circuit - Coil conductor ( Joul... 1493.727264175655 W v,
PjouleCC{PHA) +PjouleCC(PH. .. 2242,33906395717 v,

| Compute | | Store | | Close |H| {ih) “

/\ ALTAIR
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2D ELECTROMAGNETIC ANALYSIS

Loss Computation: Nodal Mapping Method

* Loss distribution inside an eMotor
* The losses insides an eMotor will be defined as Heat Sources in SimLab for AcuSolve.
b s

0.00085 W/mm3

Stator / Rotor losses (iron loss)

0.00070 W/mm3 ———

0.00055 W/mm3
0.00040 W/mm3

0.00026 W/mm3

« As iron loss distributions in the stator region and the
rotor region are not homogeneous, the Heat Source of
the stator / rotor bodies is better to be defined using the
nodal mapping method.

0.00011 W/mm3
-0.00004 W/mm3

-0.00019 W/mm3

-0.00033 W/mm3

Tolerance: 1.000000 W/mm3

11 2\ ALTAIR
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2D ELECTROMAGNETIC ANALYSIS

Loss Computation: Flux Initiation

* Run the predefined 2D electromagnetic analysis (in motor mode)

* Open the project “lkerMAQ_MotorMode.FLU” in Flux

Altair Flux” atair oo @) & ALTAIR

New profect

Open example

Trpe

Python scripts - 5

Batch solve

Open the selected project

af» Material I e-Machine Unit Distribution Server mee Command

. Materal Sdn I
12 BT options A2 etintin > Manager « Toolbox ~ Manager Lot Manager Manager Line A A L A I R
Y| A L =

157 T8/ TE




2D ELECTROMAGNETIC ANALYSIS

Loss Computation: Flux Initiation

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

* Run the predefined 2D electromagnetic analysis (in motor mode)

* [Solving] — [Solve] (as a new project “IkerMAQ_MotorMode_Solved.FLU”)

Project  Application Geometry Mesh Physics  Parameter/Quantity - Display  View Select Tools Extensions Help

B2 dER

5] »III%\&

e ﬁl. 4!‘Iﬁﬂ | B Saolving scenario

Data Tree

] Check project before solvin

=2 | General data

3 Geometry

(23 Parameter/Quantity
B[ Solver

| B3 Solving scenario
WORKING_POINT

Q-T_] Solving process options
7 Audit of scenarios
@ Optimization
Post processing
23 Tools
(23 Extensions

13

@ Dielete results

FOCESS

Alt-5

}'Q Free mechanical set visualization

@ Salving process options

% Multi physic solving session (new scenatio
%, Multi physic solving session (existing scenatioy)

Generate component For Activate coupling

;(‘ Generate compaonent For HyperStudy coupling (For HyperStudy 2019.1 and later)

& Generate component For Matlab Simulink coupling

n Generate component Far Altair Flux e-Machine Toolbox coupling

| =
=0 Solve

X |

Solving Scenario *

| WORKING_POINT

4

Save solved project as *
i Current project

|@ MNew project

| IkerMAQ_MotorMode_Solved.FLU

]|

H |

Cancel

1

| <5 sotve X |
lSnM"ﬂ
TESTING_COIL_FLUX (Wb)
0.018;
0.018:
0.014
0.012;
o001
0.008:
0.006
0.004
0.002:
U
o 5 10 15 20 25 30 35 40 45 50 55 80 65 70 s
ANGPOS_ROTOR (deg)
TESTING_COIL_FLUX (WD) ELTORQ_ROTOR (N.m) UPHA -
o015 = 100
o0t
100 £
0006
L L L
o » “ 5 E) o 5 EY w
ANGPOS_ROTOR (deg) ANGPOS_ROTOR (deg) ANGPOS_ROTOR (deg)
1B POS_INI FREQ
i 1
o] o
o5
=
| 2
5 » w 5 E) © 5 Y @
ANGPOS_ROTOR (deg) ANGPOS_ROTOR (deg) ANGPOS_ROTOR {deg) |~
| Step number 373 (Estimated remaining time: 8 minutes 16 seconds) |

J\ ALTAIR
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LOSS COMPUTATION: TOTAL VALUE

J\ ALTAIR



2D ELECTROMAGNETIC ANALYSIS

Loss Computation: Total Value Method

* Winding Joule losses

* [Computation] — [On physical entity] — [Compute]

=5 Edit Compute on physic entity[ComputePhysic]

General |, Computation context |
Storage name *

\Windmg_LossJ

Computed formulas

Region | Circuit I Mechanical set
FjouleCC(PHA) LT
PjoLleCC(PHE) [0
PiouleCC(PHC) [0l
PiouleCCIPHAMPiouleCCIPHB1+PiouleCCIPHC) [

0l
Results of computation
Label | Value B
Circuit - Coil conductor / Joul... 338.172219311186 W vy
Circuit - Coil conductor / Joul... 410.439530465428 W J
Circuit - Coil conductor  Joul... 1493.72725417655 W vy
PjouleCC(PHA) +PjouleCC(PH... 2242,33906395717 J

‘ Compute | | Store | | Close m | i)

= Computation on circuit

Type of electrical component

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

Project Application Selving Dataexchange Support Graphic  Curve _ Advanced Display View Help

EEFEY IR %u&é‘mmm

Data Tree

B | General data
-1 Geometry
23 Mesh
(23 Physics
3 Parameter/Quantity
B3 Solver
23 Post processing
B3 Tools
B33 Extensions

o

=5 Computation of iron losses

[,Z,] Computation of induckance matrix

»
ﬁ Delete

(@ Evaluation of the demagnetization »

Supprimer

? Open mechanical analysis context —

2.2B8

| 2.135

1 ar?

The value computed by the “Computation on circuit”
tool is based on the full model

or in

‘ Coil conductor

Formula
Voitage [V] Add PiouleCC(PHA) Tl
C“rfantm_ ' PjouleCC(PHE) [Tl
pore e ) 0
T — f

Delete all

15

Formula to compute total Joule losses on winding area:

I

/\ ALTAIR

PjouleCC(PHA)+Pjoule CC(PHB)+PjouleCC(PHC)
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2D ELECTROMAGNETIC ANALYSIS

Loss Computation: Total Value Method

* Winding Joule losses

« Straight part: 2242.34 W

'r;; Edit Compute on physic entity[ ComputePhysic]

General \, Computation context ',
Storage name *

|Winding_Loss_1

-Computed formulas

| Region | | Circuit | | Mechanicalset|
PiouleCC(PHA)
FiouleCC{PHE)
PiouleCC{PHC)
Pioule CC{PHA+PiouleCCIPHBHPiouleCCIPHC) L)
Results of computation
Label | Value Ee

Circuit - Coil conductor f Joul...
Circuit - Coil conductor f Joul...

338.172219311186 W
410.439580469428 W

SRAA

|Circuit - Cail conductor { Joul... 1493.72726417655 W
PjouleCC(PHA) +PjouleCC(PH. .. 2242,33906395717
16 Store || | Cloze |H | o

Winding and Magnet characteristics

Overview

Winding

Winding connection Wye 'Winding resistance factor 1.0

Winding temperature (°C) 20.0

Phase resistance (Q) 5.365 E-2 Line-Line resistance (Q) 1.073 E-1 End winding resistance (Q) 2.916 E-2

In slot winding (°C) 20.0 C.S. end winding (°C) 20.0 0.C.S. end winding (°C) 20.0

Winding straight part resistance (Q)  |2.45 E-2 C.5. end winding resistance (Q) 1.737 E-2 0.C.5. end winding resistance (Q} 1.179 E-2

Magnets

Magnet name Magnet_1 Material name USER.N485SH-1...|Material reference temp. Tref (°C) 20.0

Remanent induction at Tref (T) 1.27 Intrinsic coercive field at Tref (A/m) 1512 E6 Relative permeability at Tref 1.05

Magnet temperature Tmag (°C) 20.0

Remanent induction at Tmag (T} 1.27 Intrinsic coercive field at Tmag (A/m) |1.512E6 Relative permeability at Tmag 1.05
Loss Loss

R /Ohms (full model) / W (periodic model) / W

2242.34 448.47
1583.37 316.67
1070.83 214.17

0.0245
0.0173
0.0117

Straight part
C.S. end windings
0.C.S. end windings

J\ ALTAIR



2D ELECTROMAGNETIC ANALYSIS

Loss Computation: Total Value Method

17

Magnet losses

[Computation] — [On physical entity] — [Compute]

£ Edit Compute on physic entity[ComputePhysic]

General \ Computation context \
Storage name *

\Magnet_Losses|

- Computed formulas

| Region || Circuit

|| mechanical set|

Type of electrical component

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

Project Application Selving Dataexchange Support Graphic  Curve _ Advanced Display View Help

Y IR R R
Im Tree On physical entity
Edit Chl-E
El--lGenera\ data =5 Computation of iron losses b \‘&; ! g
Delet Si
B3 Geometry [] Computation of inductance matrix 1S petete HIF AT
23 Mesh
b2 Physics @ Evaluation of the demagnetization  » E
23 Parameter fQuantity
23 Solver ? Open mechanical analysis context —
23 Post processing
B3 Tools

B33 Extensions

Z.Z2B8
2.135
CEE]

or in

The value computed by the “Computation on circuit”
tool is based on the full model

ISoIid conductor 2 terminals.

PjouleSC(SOLIDCONDUCTOR ZTERMINALS_1)
PjouleSC(SOLIDCONDUCTOR ZTERMINALS_2)
PjouleSC{SOLIDCONDUCTOR ZTERMINALS_3)

EEEE

Clear

Results of computation

Label Value
Circuit - Solid conductor [ Jou... 0.994968340575822 W V‘
Circuit - Solid conductor [ Jou... 0.668818037980717 W «
Circuit - Solid conductor [ Jou... 0.036178648233231W ‘/
| Compute ‘ ‘ Store | | Close |H| @

=T % T I I T

ISOLIDCONDUCTOR ZTERMINALS_1
SOLIDCONDUCTOR ZTERMINALS _2
ISOLIDCONDUCTOR ZTERMINALS _3

Total Joule losses in the magnet region:
Full model: 0.995 W + 0.669 W + 0.036 W = 1.7 W
Periodic model (1/5 of the full model): 1.7 W /5 = 0.34 W

[

Voltage [V]
Current [A]

Power - Active
Joule losses [W]

Formula

Add
Add all

J\ ALTAIR




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

2D ELECTROMAGNETIC ANALYSIS

Loss Computation: Total Value Method

18

Iron losses: stator

* [Computation] — [Computation of iron losses]

Project  Application  Solving Data exchange Support  Graphic  Curve

D2 & ES = | ®kE]n B Tl Ao

|Data Tree

Advanced View Help

Cn phrysical entity

=2 | General data

(3 Geometry
Mesh

bl

‘omputation of irc o5

Computation of inductance matrix

Computation of iran

Deprecated versions

Physics

@ Evaluation of the demagnetization

3

R Edit cl-E

Parameter/Quantity
Solver

an Open mechanical analysis context

R Delste

Supprimer

23 Post processing
{3 Tools
-3 Extensions

R THT export
R Excel export

The value computed by the “Iron loss computation”

| X choice | Parameter name | Current value I Limit rriry | Limit max I

[DvoL_ENERGY_LOSS_STATOR

| [+ Iron lesses computation > | | Iron lesses computation X | [ .1:; Ed tOOI |S Only based on the per|0d|c model
r Computation type | | Computation type ! ]
On regions v‘ I |Cln regions v‘ Name of the result *
Definiion | Resuts | Dennition |LOSSES_IN_REGION_STATOR |
Laminated face regions. [B] || || Resultcurve name* Comment |
SIATOR ~] | || [cURVE_LOSS_REGION_STATOR | |DEJ’3DJ’22 16:44°55 | |
Result name * — |
[LOSSES_IN_REGION_STATOR | Results \ Description \ll |
Spatial quantity name for the average loss density *
[DVOL_LOSS_MEAN_STATOR | Iron losses .
Time interval Spatial quantity name for energy density * LS iron losses -

| rL3iron losses

|

|anGPos ROTOR |

IV 8.0 v 78.0 I

Part of cycle described by the time interval

Full cycle

Model for losses

LS predefined sheets

Full cycle: [6.0, 78.0]
LS model: M800_65A

Designation (E U. standard, BS EN 10106) |
1300_55A

-\|| I

Average iron losses (over a perio

1089261211179

Average iron losses in the stator region:
Periodic model (1/5 of the full model): 326.91 W
Full model: 328.87 W * 5 = 1634.55 W

EI IR APRNY

(B

Picture ‘ |

e ][ 6

| | Picture

J\ ALTAIR



2D ELECTROMAGNETIC ANALYSIS

Loss Computation: Total Value Method

19

Iron losses: rotor

* [Computation] — [Computation of iron losses]

Project  Application  Solving

Data exchange

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

Support

Graphic

Curve Advanced View Help

D2 2 |2 BB

/% On point

|Data Tree

Cn phrysical entity

=2 | General data

Computation of irc o5

(3 Geometry

Mesh

Physics
Parameter/Quantity
+ Solver

23 Post processing
(3 Tools

-3 Extensions

3
| “:o Iron losses computation

3
X | | %o Iron lesses computation

Computation of inductance matrix

bl

Computation of iran

Deprecated versions

@ Evaluation of the demagnetization

3

cirl-E

R Edt

an Open mechanical analysis context

R Delste

Supprimer

R THT export
R Excel export

The value computed by the “Iron loss computation”

| X choice | Parameter name | Current value

Limit min Limit max

|[DvOL_ENERGY_LOSS_ROTOR| |

| |anGPos ROTOR |

Part of cycle described by the time interval

v 5.0

v 78.0

Full cycle

Model for losses

LS predefined sheets

Full cycle: [6.0, 78.0]
LS model: M800_65A

Designation (E U. standard, BS EN 10106) |
“ 1M300_55A

-]

Average iron losses in the rotor

1 . .
X!k e tool is only based on the periodic model
r Computation type r Computation type |
On regions -] [on regions =l Mame of the result*
Definfion | Results | Defintion |LOSSES_IN_REGION_ROTOR |
Laminated face regions [ | Result curve name * Comment |
HOTOR ~] [CURVE_LOSS_REGION_ROTOR J [06/30i22 16:43:27 |
Result name * —
[LossES_IN_REGION_ROTOR | Results \ Description \ll |
Spatial quantity name for the average loss density *
[DVOL_LOSS_MEAN_ROTOR | Iron losses .
Time interval Spatial quantity name for energy density * LS iron losses -

cL3iron losses

region:

Periodic model (1/5 of the full model): 5.06 W

Full model: 5.10 W *5 =25.3 W

Picture ‘

Cancel

® ||

Picture

EE| -

J\ ALTAIR



2D ELECTROMAGNETIC ANALYSIS

Loss Computation: Total Value Method

20

Loss computation in Flux: total value method

Save the project as “lkerMAQ_GlobalLossValue.FLU”

- Application  Solving  Data exchange Support  Graphic  Curve

Iﬂ Mew

r,;; Choose the new name of the project

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

X

SaveIn: (] LossComputationCFD

MNCIRYE] : - B

Chl-H Eﬂﬂ %‘E“@‘ﬁb 53|
— |

||+l TkerMAQ_MotorMode_Solved.FLU

I File Mame: |IkerMAQ7GIaba\LossValue I

| Files of Type: |F|ux23 Project directories

b Cpen projeck .., Chrl-O

B Close -
Recent projects ] .

lﬂ Save Chrl-3

< Command file »

< Macro ] |

7::3 Cverlay » |

l;:f' Expirt 4

3 Print »

I Exit alt-F4

=l

J\ ALTAIR
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LOSS COMPUTATION: NODAL MAPPING
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2D ELECTROMAGNETIC ANALYSIS
Loss Computation: Nodal Mapping Method

* Loss computation in Flux: nodal mapping method
* Need the spatial quantities created in the previous step

* Continue to work on the project “IkerMAQ_GlobalLossValue” in Flux

B2 A0 5 ¥easEmasw oAy sancdavi
[bata Tree [ = [erapic
e aread@@e - [P @bl m a2 byl Wik

22
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2D ELECTROMAGNETIC ANALYSIS

Project  Applicaton  Solving _ Support  Graphic Curve Computation Advanced
. . g B E gﬂﬂ* Export FMU block ]
Loss Computation: Nodal Mapping Method E— Create il fortranstent startp =
E}---|(_35”5'a| data :.} Export node of regions » _I-
-3 Geometry - - e
B33 Mesh & Spatial quantity »
° |r0n IOSS export from FIUX D Physics [E Mew {constant) tabulated spatial quantity by storage of values
g Za:’ameh&eruanﬁty E’ Import parameter and quantity »
* Export the nodal loss values from Flux to AcuSolve E7-Ca Postprocessng | I Exportspail quany and formul
g ;::;Sions E’ Export a data table
+ [Data exchange] — [Open data Import/Export context]

Fromct Osamppot Dstacobeckon  Detevmsiow  Ostewsort Dissley Y  He | T
CATRRN e sP AR A Sd B dE )
b . = o o | “= Open data Import/Export context *
& lommide AR B L L EE Y 20 <A M0t E B e bk b o e e b
DD

= Context subtype *
Generic context

Select “Generic Context”

®

'S 0K Cancel

[E=—

td

23
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2D ELECTROMAGNETIC ANALYSIS
Loss Computation: Nodal Mapping Method

Project Data collection

P Pl S S A

Data Trd B Edit e [ —1 [Graphc

Delet Suppri
E elele UpRrinmer - @ @‘ E:'..:H

Data visualizer Dataexport Display View Help

* lIron loss export from Flux

Set visible:

L Set invisible

« Create data support: ROTOR

0 Expart a data suppart (]

= Dot Tapor T

3 Adjunct entities

° [Data. Su ppOI’t] — [NeW] | % New Data support ~

Support name *
| DATASUPPORT ROTOR | |

Comment

Definition ', Appearance
Data support
|Suppor1 defined by volumic entities v|
Support defined by 2D entities
‘Deﬁnedbyaselofface regions v‘

Select the region ROTOR ToR Face regions H m

Mesh extrusion
| Extrude -
MNumber of elements *

Extrude with 2 elements [2 |
24 R '” No need to rebylld the fuII_ de_wce for
T | the CFD analysis on a periodic model A ALTAIR

G o J[ ewm | ® [ T




2D ELECTROMAGNETIC ANALYSIS
Loss Computation: Nodal Mapping Method

* lIron loss export from Flux

« Create data support: STATOR

 [Data support] — [New] & s o v

Support name *
|DaTASUPPORT_STATOR | |

Comment

Definition ', Appearance |,
-Data support
|Suppor1 defined by volumic entities v|
Support defined by 2D entiies ——————————
‘Deﬁnedbyaselofface regions v‘

Face regions |I]

Select the region STATOR SIAIOR <]

Mesh extrusion
| Extrude -
MNumber of elements *

Extrude with 2 elements [2 |

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

E_Damcolecﬁon Data visualizer Dataexport Display View Help

e TE @ A E S DB
Data Trd B Edit e [ —1 [Graphc
Delete SuppFimer
5 zile o B
Set visible: .
Set invisible
Expart a data suppart (]

= Dot Tapor T

w3 Adjunct entities

Rebuild the full device *

25 [no -

No need to rebuild the full device for
the CFD analysis on a periodic model

A o J[ e || @ [ 7

J\ ALTAIR



2D ELECTROMAGNETIC ANALYSIS

Loss Computation: Nodal Mapping Method

* lIron loss export from Flux

« Create generic data collection

- [Data collection] — [Generic data collection] — [New]

Information on the scenario

Scenario : [w WORKING_POINT |
State of the scenario :

v Scenario fully processed

Information on the current computation step

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

Project  Data support

Data visualizer

Data export Display View Help

;”H A g B {BE Forces datacollection
i Thermal data collection

Generic data o

Derived data collection

[} Data support

»
¥
»
»

B! Forces data co
[i# Thermal data o

[E Collect data

[ w8 E S

A hew
B Edi
E Delete  Supprimer

Ctrl-E

@ Generic data collection
@ Derived data collection
& Data visualizer

[E5] Data export

B2 Adjunct entities

N ) .
| =0 Mew Generic data collection

X |

MName ofthe data collection *

N I .
| =0 Mew Generic data collection

% | | DATACOLLECTION_STATOR

Mame ofthe data collection *

Comment

| Datacollection_ROTOR

I
| - Data collection

|ANGPDS_RDTOR : v 780 ||

State of the current computation step
v Correctly solved

Select the step

Select the created DataSupport

Select the dedicated spatial quantity formula

Select “Average values in elements”

Collect the data only for the current step
(the last EM solution step)

26

Comment

| |Eeneric data collection

- Data collection

[Collection support*

| Generic data collection

DATASUPPORT_STATOR

Collection support*

Formula of the value to collect*

| DATASUPFORT_ROTOR

Formula of the value to collect *

| DVOL_LOSS_MEAN_ROTOR

Type of value
“Average values in elements

= m DVOL_LOSS_MEAN_STATOR |0 |
- Type of value
" f(Il| |Average values in elements v|
- Collection interval
v| |[Collect only for the current step -

Caollection interval

Caollect only for the current step hd

® | |
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2D ELECTROMAGNETIC ANALYSIS
Loss Computation: Nodal Mapping Method

* lIron loss export from Flux

« Create data export

« [Data export] — [Export to AcuSolve] — [New]

lkerMACQ_CFD_R
otorLosses.nas

IkerMAC_CFD_St|
atorlosses.nas

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

Project Datasupport Data collection  Data visualizer _ Display View Help

A2 W % | E[§|*‘g i g | g e Export o optitruct

|I)a|n Tree '3 Export b Hyperiiew
= General data

Expott to Acusolve

»
»
»
Export to Nastran »
»
»

hl-E

q Data support

&) [id Thermal data collection *3 Delete  Supprimer
[ Derived data collection
[ Data visualizer

+[5 Data export

3 Adjunct entities |I

Export ta a tabulated dats file

Export a data support:

Select “Export data to AcuSolve”

Select “Heat source (static)”

Select the defined DataCollection

Define the export file name

27

| w3 Mew Export data to Acusolve * |
Mame *
— | DATAEXPORT_STATORLOSSES |
[ ".;B Mew Export data to Acusolve * | Comment
Mame * |
|DataExpor1_Rot0rLosses | Drata collection export
Comment | Export data to Acusolve -|
-Data type to export
Data collection export | Heat source (static) v|
! Export data to Acusalve vl Collection to export on active step *
| - Data type to export |DATACOLLECTION_STATOR -
|Heat source (static) v|
Collection to export on active step *
| DATACOLLECTION_ROTOR v|
File name *
IkerMAQ_CFD_StatorLosses| |2
File name * | &4 | | o |H| @ | ‘
lkerMAQ_CFD_RotorLosses| |2
_ /J\ ALTAIR
G o [ et [ & | |




2D ELECTROMAGNETIC ANALYSIS
Loss Computation: Nodal Mapping Method

28

Loss distribution inside an eMotor

Loss computation in Flux!

« Save the project as “lkerMAQ_NodalLossMapping.FLU”

- Application  Solving  Data exchange Support  Graphic  Curve

B rew hl-h
B Cpen projeck .., Chrl-O
! Close

Recent projects

| r;; Choose the new name of the project

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

X

SaveIn: (] LossComputationCFD

MNCIRYE] : - B

EREEINEEEY
[

-

lﬂ Save Chrl-3

< Command file
< Macro
7::3 Cverlay

l.;f' Expirt
3 Print

I Exit alt-F4

%5 TkerMAQ_GloballossValue. FLLI
%5 TkerMAQ_MotorMode_Solved FLU

File Mame: |IkerMAQ7NodaILcssMapplng I
|

Files of Type: |F|ux23 Project directories

=l

J\ ALTAIR



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

3D CFD ANALYSIS (SIMLAB / ACUSOLVE)
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EMOTOR CFD MESHING
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3D CFD ANALYSIS
eMotor CFD Meshing

 Full motor modeling for thermal analysis

Motor model (with end-windings)

31 J\ ALTAIR



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

3D CFD ANALYSIS
eMotor CFD Meshing

» Periodic modeling (axisymmetric model) for CFD analysis

* With outside air fluid region

Motor model (with end-windings)

32

J\ ALTAIR



3D CFD ANALYSIS
eMotor CFD Meshing

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

» Periodic modeling (axisymmetric model) for CFD analysis

33

Open the project “IkerMAQ_CFD_Mesh.sIb”

Assembly Browser a x

Name A @  Matenal
= & Assembly
= @ 30_kerMAQ_CFD_Mesh.gda

D s A

& Air_ni_1 A

B A 2 Air

&P AirGap_Fixed Ar

&P AiGap_Rotating Hir

D ol IkerMAQ_Copper
&P EndVinding_CS lkerMAQ_Copper
) EndWinding_OCS IkerMAQ_Copper
&P Housing B kerMAQ_Aluminum
&P hsulation B kerMAQ_Epoxy
B Magnet B kerMAD_Magnet
&P Rotor B kerMAQ_M3DD_G5A
B shatt TkerMAQ_Aluminium
& stator B kerMAQ_M3DD_G5A
B Wedee Ar

(] & @ @ ~ 4

Motor mesh model for CFD analysis
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CFD SOLUTION SETUP
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3D CFD ANALYSIS
CFD Solution Setup

File  View Sketch Geometry Mesh Analysis  Results Optimization Electronics  Advanced  Inspect  Automation  Extensions

1 \
& @ IE 3 &
« Create a Solution for CFD analysis S T | Pov ] Rem | DU Thmr TRee WA e

Home Physics

Applications

* [Solutions] — [Flow]

Assembly Browser Q X%
— e Parameter Type / value
=2 & Assembly
3 ﬁgfrmmwesh oo Create Soluion Name lkerMAQ_CFD_Analysis
r " Name lkerMAG_CFD_Analysis

D Aot _1 Hir Solver AcuSolve -
= ﬁr'H‘:md ﬁr 9 Soltian fype Steady State 5 Solver AcuSolve
9 N'G,G::m ating A‘: Select bodies 1. Rotor, Stator. AirGiap_Fixed.AirGap_Rotating .
& col KerMAQ_Copoer — Solution type Steady State
= EndWinding_CS lerMAG_Copper © ncompresaicle

EndWinding_OCS lkerMAQ_Copper Mildly compressible H H
& Housing B erAq_ Auminom : Physics Incompressible
D Insulation B kerMAG_Epory Haw Turbuent -
&9 Magnet B kerMAG_Magnet Turbulence Spalart-Almaras -
& Rotor [ ] \ke(MAG_M;DD_SEA Heat Transfer FIOW Turb UIent
&) shait IkerMAG_Aluminium Solve for boiing

or W lkerMAG_M3DO_t Include electrical s
= — i | e s et Turbulence Spalart-Allmaras
Include Gravity
oK
35 N )\ ALTAIR
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Soiver Help
Help

Tools.

Surface

Interface

) Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.
Radiation.

©

ki
3

Sip Symmetry

Wall

2
4
s
=
9

Outlet
Boundary Conditions ¥

Inlet

D)L

Extensions

Frame:

Reference

@
9

Heat Source

IS

H
g
2
b
£

Advanced

Intial Condtion

Electronics
Coordinate.

Resukts

Material
Material

Sketch ~ Geometry Mesh _Analysis
Move

Measure
Home

View  Solutions

Fles
Name
= L Solutions

File
Solution Browser

3D CFD ANALYSIS
Create a Solution for CFD analys

CFD Solution Setup

J\ ALTAIR
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Boundary Conditions.
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3D CFD ANALYSIS
CFD Solution Setup

 Define Flow Domain: Reference Frame

* [Analysis] — [Reference Frame]

* AirGap_Rotating ——""

ReferenceFrame_AitGap |

Select bodies / faces 396,16403,15885,16368,7

Centrfugal force

Coriolis force

Angular acceleration force
Define/Modify Axis...

1080 RPM

i of rotation
Angular velocity
Muttiplier function

Aoply

None

v d

37 z

Y X
N

~) 2 Nodes
) 2 Vettices

] A model center
|| Reverse axs
Offset Axis
© Tonode
) Arc center

() Straight/Arc edge
) Cylindrical face

. Face group
_) Edge group
() 3 Nodes

() Local coordinate axis

) Tovertex

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

File View Solutions Sketch Geometry MeshResu?ts Electronics  Advanced Inspect Automation Extensions

L@ L& a N @9@‘

Files Measure Maove Material Coordinate...  Initial Condition Heat Source Reference | Components...
Frame

Home Material

\ Select all the faces of the [l

AirGap_Rotating body. (Ctrl+A)

Cancel

\ J\ ALTAIR



3D CFD ANALYSIS
CFD Solution Setup

 Define Flow Domain: Reference Frame

* [Analysis] — [Reference Frame]

10X

Reference Frame  :

* Rotor

Name ReferenceFrame_Rotor
Select bodies / faces | Rotor

Centrifugal force

Coriols force

Angular acceleration force

Auxis of rotation Define/Modify Axis...
Angular velocity 1080 RFM
Muttiplier function | None v 1=
Apply OK Cancel
Define Axis  :© b
Select
X axis Straight/Arc edge
Y axis Cylindrical face
Face group
2 Nodes Edge group
2 Vertices 3 Nodes
Local coordinate axis
At model center
Reverse axis
Offset Axis
© Tonode To vertex
z Arc center
38 yoox
A
v oK Cancel

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

File View Solutions Sketch Geometry Mesh Resutts  Electronics  Advanced Inspect Automation  Extensions
\
dl0 ¥
— C::‘Q
Files Measure Maove Material Coordinate...  Initial Condition Heat Source Reference | Components...
Frame
Home Material

Select the body Rotor

J\ ALTAIR
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File View Solutions Sketch Geometry Meshﬂesuhs Electronics  Advanced Inspect Automation Extensions

W . @ VG

Material Coordinate...  Initial Condition Heat Source Reference | Components...
Frame

3D CFD ANALYSIS
CFD Solution Setup

Home Material

 Define Flow Domain: Reference Frame
* [Analysis] — [Reference Frame]
° Shaft Rekarnce | Bome B R R RO

Name ReferenceFrame_Shaft
Select bodies /faces | Shaft

I Centrfugal force
oriolis force
S Angular scceleration force
Muis of rotation Diefine/Madify Axis...
Angular velocity 1080 RFM
Muttiplier function None v| |
Apply OK Cancel
Define Axis =%
Straight/Arc edge
Cylindrical face
Face group
2 Nodes Edge group
2 Vertices 3 Nodes

Local coordinate axis
At model center
Reverse axis

Offset Axis
© Tonode To vertex

, Arc corter Select the body Shaft
39 Y X
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3D CFD ANALYSIS
CFD Solution Setup

—

Files Meazsure

Home

* Define Flow Domain: Heat Source (total loss value)

* [Analysis] — [Heat Source]

* Winding loss (straight part): 448.47 W

Heat Source tiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii O
Name HeatSource_Coil
Select bodies Coil
() Heat source density 1.5 W/mm3

I © Heat source on each body 44847 W I

Distributed heat source density table
None
Multiplier function MNone

Apply oK

40

@@ 4

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

File View Solutions Sketch Geometry Meshﬂesuhs Electronics  Advanced Inspect Automation Extensions

Heat Source

© &

Reference
Frame

S~ o

Material

Coordinate...  Initial Condition Components...

Material

Please refer to the pages 15-16 for the winding loss

(Joule loss) computation

Select the body Coil

Ty
S,

. :
| A AL
I8 Sy e

J\ ALTAIR



File View Solutions Sketch Geometry

@

3D CFD ANALYSIS

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

Mesh arysls Resutts  Electronics  Advanced Inspect Automation  Extensions

W o OV G

CFD Solution Setup M e R | ol iy
* Define Flow Domain: Heat Source (total loss value)
* [Analysis] — [Heat Source] T
* Winding loss (end windings) S :jj‘j;j:jﬁf“ Select the body
Hoat source dersity TS V3 EndWinding_OCS
* C.S.:316.67W CIEEo T ——
+ 0.C.S.:214.17W i hoe 7 B
oK | Cance

Please refer to the pages 15-16 for the

winding loss (Joule loss) computation

41

s HeatSource [Iilliiiliiiiiiiiiiiiiiiiiiiiiiiiii O X
Select the body Name HeatSource_EWCS
En dW| n d | n g CS Select bodies EndWinding_CS
__ Heat source density 1.5 W/mm3
Io Heat source on each body 31667 W I
N Distributed heat source density table
None Create
Multiplier function None * B
Aoply oK Cancel

J\ ALTAIR
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File View Solutions Sketch Geometry Meshﬂesuhs Electronics  Advanced Inspect Automation Extensions

3D CFD ANALYSIS @@ 4° oo [@les @‘

_—
Heat Source Reference  Components...

C F D SO I Utl O n Setu p Files Meazsure Move Material Coordinate...  Initial Condition
Frame

Home Material

* Define Flow Domain: Heat Source (total loss value)

* [Analysis] — [Heat Source]

Please refer to the page 17 for the

- Magnet: 0.34 W magnet loss (Joule loss) computation

Name HeatSource_Magnet

Select the body Magnet |.__......

Magnet
() Heat source density 1.5 W/mm3
Io Heat source on each body 034W I
() Distributed heat source density table
None Create
Multiplier function None - ﬁ
Apply OK

A .
. L_. A -. | wuman 2\ ALTAIR
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3D CFD ANALYSIS
CFD Solution Setup

 Define Flow Domain

* Reference Frames + Heat Sources (total loss value)

Solution Browser X

Name (3
= L Solutions
= b IkerMAQ_CFD_Analysis
& Mesh
% Type - Steady State
L Settings
= Y Boundary Conditions @
= Y Fow Domain
5 ReferenceFrame_ArGap M
@ Referenceframe_Rotor [l
5 Referenceframe_Shaft [l
@ HeatSource_Coil ]
@ HeatSource_EWCS ]
@ HeatSource_EWOCS W
@ HeatSource_Magnet
@ Resuts

43 J\ ALTAIR
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3D CFD ANALYSIS
CFD Solution Setup

44

Define Flow Domain: Heat Source (hodal mapping)

* Loss import: stator and rotor losses

* [File] — [Import] — [Solver Input File]

Fle | View Solutions

D New

Open...
Open Recent
Import...
FDM
Export

Save
Save As

@ Camera
Close

Help
Licensing

Sketch Geometry Mesh  Analysis  Results  Electronics
Import
Database )
SimLab, HM, Inspire, Inspire Mold, Inspire i
Studio
>
Discrete Models
» | STL. VRML, I-DEAS, Facet Geom...
CAD 5
P | Import CAD files
Solver Input Fle
> OptiStruct, Abaqus, Mastran, Permas...
Results
Hid, Mastran, Abaqus, Permas...
Specifications
Mesh, LBC, Sets, Optimization, Groups...
Sketch
Sketch
>
Preferences ... Exit

Import OptiStruct
Input file unit system:
MKS {m kg N s) -

Import nodes and elements only
Split face
Feature angle 45 deg

Create features

Update model

Create solution

Cancel

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

A Import File

<« S <« Simlab > CFD > IkerMAQCFD >
Organize = New folder
> 7 VeloTesm Name
IkerMAQ GlobalLossValue.FLU
~ [l This PC
IkerMAQ_ MotorMode Solved.FLU
> [ Desktop

>

>

>

IkerMAQ NodalLossMapping.FLU

= Documents
[ IkertMAQ_CFD_RotorL osses.nas
<k Downloads
[ IkerMAQ_CFD_StatorL osses.nas
© Music
18 Pictures
3 Videos

= System (C)
= Data (D:)

== Storage (E)

3 Flux > LossComputationCFD > ~

Date medified

File name: | [kerhMAQ_CFD_Statorlosses.nas

x

£ Search LossComputationCFD

I }
Type
File folder
File folder
File folder
NAS File

MAS File

v‘ OptiStruct (* fem *.bdf “.blk *.n ~

Cancel

J\ ALTAIR



3D CFD ANALYSIS
CFD Solution Setup

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

* Define Flow Domain: Heat Source (nodal mapping)

* Loss import: stator and rotor losses

Assembly Browser
Name -~ @
3 & Assembly

3 3D_kerMAG_CFD_Meshg
& s

EJ EndWinding_CS
EJ EndWinding_OCS
& Housing

&P Insulation
&P Magnet
&P Rotor
B shat
B Stator
&) Wedge

3 @ lkerMAQ_CFD_Rotorlosse_
&P Body 2
= @ kerMAQ_CFD_Statorlosss

&P Body 2

45

Q x

Material

K

IkerMAQ_Copper 0

IkerMAQ_Copper 0

IkerMAQ_Copper 0

lkerMAQ_Aluminiu_ 0
lkerhIA/

lkerMAQ_MB00_6_. 0

Air

v

~N
S 4

L

Imported meshed models for iron losses

J\ ALTAIR
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3D CFD ANALYSIS
CFD Solution Setup

* Define Flow Domain: Heat Source (nodal mapping)
* Loss import: stator and rotor losses

* Visualize both the import bodies (stator and rotor losses) and the original bodies to check if
the bodies are well covered

Assembly Browser a x
Name ~ @ Materal F
S & Assembly

= @ 30_kerMAQ_CFD_Meshg_
B Air

lkerMAQ_CFD_RotorLosse
& RotorLosses [}
= kerMAQ_CFD_StatorLosse
&P StetorLosses

46 J\ ALTAIR



3D CFD ANALYSIS
CFD Solution Setup

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

Fle View Solutions Sketch Geometry Mesh Analysis  Results EHectronics Advanced  Inspect  Aut

P g de

|
Files Measure Maove Structural Thermal Flow Electro

» Define Flow Domain: Heat Source (nodal mapping) e

* Loss import: stator and rotor losses

Home Physics

« Translate respectively the imported bodies (stator and rotor losses)

Transform
T [ e, Select the body StatorLosses
;ca\e | = : Define Vector.
N:g":rt’ws Magnitude * Scale = Distance
Aign -155mm | © 1)= -155mm
Offset Copy
™ w1 Define the translation vector
Vo s Direction: Z axis
Magnitude: -155 mm
7
oig
2 Nodes
2 Vertices
Straight/Arc edge
A Cylindrical face
Element nomal
Planarface
Coordinate system Global -
Y Reverse
[y x Vector:
“/ ) X Omm
Y 0 mm
z 1 mm
47
oK Cancel

Transform 1@

Translate
Rotate
Scale
Mimor
Align s
Aign
Offset
MatchNodes
Fostion
Two Ares
Using LCS

Y
Zy

N

Lnnininniniiiiniiiiiiiiiiiiiiiniiiininiiiiiiiniin & ]
[t [tortosses, Select the body RotorLosses
Translation Vector:
Define Vector.
Magnitude * Scale = Distance
-155mm | * 1= -155 mm
Coj
: Define the translation vector
Define Vector Direction: Z axis
- Magnitude: -155 mm
.
0z
2 Nodes
2 Vertices

Straight/Arc edge
Cylindrical face
Element nomal

Planarface Cancel
Coordinate system Giobal [y S—
Reverse
Vector:
b Omm
¥ Omm
z 1 mm

— J\ ALTAIR



3D CFD ANALYSIS
CFD Solution Setup

* Define Flow Domain: Heat Source (nodal mapping)

* Loss import: stator and rotor losses

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

« Translate respectively the imported bodies (stator and rotor losses)

Assembly Browser qQ
Name ~ @  Material H
3 & Assembly

= 3D_kerMAQ_CFD_Meshq_
-1
- X

IkerMAQ_Copper 0.
IkerMAQ_Copper 0,
TkerMA o
IkerMAQ._ 0
IkerMAQ_Epoxy O
kerMAQ_Magnet 0,
IkerMAQ_M800_6_ 0.
lkerMAQ_Aumiriu_ 0] B2
kerMAQ_M800_6_. 0.

3 @ kerMAQ_CFD_RotorLosse

&P RotorLosses 0.
3 @ kerMAQ_CFD_Statorlosse

& statorLosses 0

48
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Fle View Soluions

3D CFD ANALYSIS
CFD Solution Setup

Materi

Home
Solution Browser

Name ©
= $L Solutions

= b IkerMAQ_CFD_Analysis

Loss mapping: stator losses

Skeich  Geomelry  Mesh [ _Analyds | Resuts  Hectmonios  Advar

PEL W)L OO BEESPEY 2

al

Material

Load Mapping
Method

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

v &

Radiation \ Tools

ced Inspect  Automation  Extensions

Outlet

Symmetry

Coordinate... Intial Condition | Heat Source  Reference Components

| Boundary Conditions.

%

H

z@@?
<Y/

Sats

Mapping Replace Bodies

Define Flow Domain: Heat Source (nodal mapping)

Data Table
© Data Table + Model

* [Analysis] — [Tools] — [Mapping] Reat Daa < e
Datatype Heat source density -
Interpolation method Closest Point -
Map to Hement Nodal -
Input
Data format Nastran bulk data -
Select the loss file “lkerMAQ_CFD_StatorLosses.nas” [o=afe 0 _StetorLomsearas | mpatt. |
Data unit system MKS {m kg N s) -
Select the imported body StatorLosses |z« SttorLosses |

Plot input data as contour

Select the body to be mapped: Stator

(Output

Influence Distance :
© Auto calculate
User defined 01

Map to bodiesfaces | Stator I
Create Load

Define the generated result name: “HeatSource_Stator”

Type Heat source -

Name Hest Source_Stator |

N\ _r

o Mapping done successfully.

49

¥ Plot Cont
¥ Export

Click on Map Data

Export Cancel
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Solutions  Sketch  Geometry  Mesh | Analysis | Resuts Hletronics  Advanced  Inspect  Automation  Exensions
3D CFD ANALYSIS @W 4" @ A cf @ iP b BEee E#W
CFD Solution Setup I == | bt

« Define Flow Domain: Heat Source (nodal mapping)

° LOSS mapplng: rotor |OSS€S le=slErafey 9858555555555355355335355330550 O X

Method :
Data Table
© Data Table « Model

* [Analysis] — [Tools] — [Mapping]

Data type Heat source density v
Interpolation method Closest Poirt -
Map to Bemerit Nodal -
Input
Data fomat Mastran bulk data -
Select the loss file “lkerMAQ_CFD_RotorLosses.nas” [osate FD_RetorLosses | Wmport. |
Data unit system MKS {m kg N s} -
Select the imported body RotorLosses  [ex Rotorosses |
Plot input data as contour

Influence Distance
© Auto caleulate
User defined 0.1

Select the body to be mapped: Rotor | frawmms 7 |

Create Load

Type Heat source -

Define the generated result name: “HeatSource_Rtator” |f...

Heal Source_Rotor |

Mapping done successfully. Yz ¥ Plot Cont .
o " _»" com | Clickon Map Data

Export Cancel
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3D CFD ANALYSIS

CFD Solution Setup

51

Define Flow Domain: Heat Source (hodal mapping)

Loss mapping: stator and rotor losses

Replace Bodies

Visualize mapping results

Mapping Sets

0.00146 W/mm3

0.00132 W/mm3

0.00104 W/mm3 ———

0.00118 W/mm3

0.00090 W/mm3

0.00076 W/mm3
0.00062 W/mm3
0.00048 W/mm3
0.00034 W/mm3
0.00019 W/mm3
0.00005 W/mm3

Tolerance: 1.000000 W/mm3

Mapping Sets  Replace Bodies

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

0.00114 W/mm3
0.00100 W/mm3
0.00085 W/mm3
0.00070 W/mm3
0.00055 W/mm3
0.00040 W/mm3
0.00026 W/mm3
0.00011 W/mm3
-0.00004 W/mm3
-0.00019 W/mm3
-0.00033 W/mm3

Tolerance: 1.000000 W/mm3

Load Mapping ::::::il

Method :
Data Table

© Data Table + Madel
Results Data + Model

Data type
Interpolation method
Map to

Input
Data format

Data file
Data unit system
Body

Influence Distance :

BA0680060000000000060008 1) 2.8
Heat source density »
Closest Point v
Bement Nodal v
Nastran bulk data v

FD_RotorLosses nas | | Import...
MEKS (mkg Ns) -
Ratorlosses

Plot input data as contour

O Auto caleulate
User defined 01
Output :
Map to bodies/faces  Rotor
Create Load
Type Heat source hd
MName Heat Source_Rotor
Map Data
Data type Heat Source -
Click on 1
P I ot Plot Contour I
Conto ur Guery Contour
% Export:
Export Cancel
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3D CFD ANALYSIS
CFD Solution Setup

 Define Flow Domain

* Reference Frames + Heat Sources (total loss value + nodal mapping)

Solution Browser *

Name (3]
3 ¥ Solutions
= b IkerMAQ_CFD_Analysis
& Mesh

L Type : Steady State

HeatSource_Magnet

Heat Source_Stator

@ HeatSource_Rotor
@ Resuits

52 J\ ALTAIR
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3D CFD ANALYSIS = === = =

CFD Solution Setup

Measure

Home

 Define Flow Boundaries: Inlet

* [Analysis] — [Inlet]

Inlet
Name Inlet
Select faces 34476
Inflow type: Velocity v
Velocity type Nermal -
Mormal velocity 10000 mm/s | | None - ﬂ
Temperature 293.15K | |None - l;
Turbulence R
Turbulence input type Auto -
Turbulence flow type Intemal v
Turbulence viscosty ratio a0
Surface Qutput 2
Integrated output frequency 10
Integrated output time interval s
Statistics output frequency 10
Statistics output time interval 0s
Modal output frequency 0
Modal output time interval Os
a

Mumber of saved states

Apply oK Cancel

Sl
=<

53

w7

Select the inlet face

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

G&epsy

Advanced...  Radiation.

Results  Hlectronics  Advanced Inspect  Automation  Extensions

@ ® .

Componers...

Inlet Qutlet Wall Slip Symmetry

Coordinate... Intial Condition

Heat Source  Reference
Frame

Material Boundary Conditions

Velocity type: Normal
Velocity: 10000 mm/S
Temperature: 293.15 K

rl Ty
o)

BRI

SRR

e
Crrt

R o
RS
S,
B
S,
.

Inlet

z
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Results  Hlectronics  Advanced Inspect  Automation  Extensions

QY H BEEEPRSLHW

3D CFD ANALYSIS = === = =

! e

Er
"2

CFD Solution Setup -
Files Measure Move Material Coordinate...  Initial Condition Heat Source Reference  Components... Inlet Qutlet Wall Slip Symmetry Advanced... Radiation...
Home Material Boundary Conditions

 Define Flow Boundaries: Outlet

* [Analysis] — [Outlet]

Outlet

Name Outlet
Select faces 34130
|tatic pressure 0 MPa | None MR
Pressure loss factor 0.0 | |None ~| 1 .
R Static pressure: 0 MPa

Back flow Conditions

Back flow conditions: Area Average

Temperature type Area Average » . =
Temperature 0K ;
Eddy viscosity type Area Average »
Eddy viscosity Dmm/s
Surface Output 2
Integrated time step frequency 10
Integrated time frequency 0s
Statistics output frequency 10
Statistics time frequency 0s
Nodal output frequency 0
Nodal time frequency 0s Y
Number of saved states 0 >
Apply OK Cancel
Y X

J\ ALTAIR
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3D CFD AN A LYSIS ia Vew Soitions  Skelch  Geometry Mesh-Resu?t Hectonics  Advanced Inspect  Atomation  xtensions
2@ 4 " 09@ B G &ER &y

CFD Solution Setup .

Heat Source Refevence Components Qutlet Slip Symmetry Advanced..  Radiation

Coordinate... Intial Condition

Material

Boundary Conditions

* Define Flow Boundaries: Slip
* [Analysis] - [Slip]
® Sllp 1 ={ip BB588888aa0a0aa00ARaB0a0000a0000a At

Name |Slip_1 |
Select faces |,3429?,34136.342?3.341 11,33957 |

Surface Output %

ey | OK | Ganedl

Select faces of Slip_1

2\ ALTAIR
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3D CFD AN A LY SI S Fis Vew Soitons Sceich Geomery Mesh [T | Resuls Escronice  Advanced lapsct utomation Stnins
t%%@@ﬁ@@é@ﬂ&%

F(efevence Componers... Inlet Qutlet Wall Slip Symmetry Advanced..  Radiation...

CFD Solution Setup

Files Measure

Home

* Define Flow Boundaries: Slip
* [Analysis] — [Slip]
« Slip2and3

Name Slip_2

2@

Select faces | 17655,37507.14216,15771,15850

Surface Output %

Apply oK Cancel

X
z

56

Select faces of Slip_2
(all 22 boundary faces
on one side)

Select faces |, 16443,16513,37593,15776,15885

Cancel

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

Boundary Conditions

Select faces of Slip_3
(all 22 boundary faces
on the other side)
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3D CFD ANALYSIS
CFD Solution Setup

 Define Flow Boundaries

* Inlet + Outlet + Slip

Solution Browser

Name ©
3 %} Solutions
= Jb kerMAQ_CFD_Analysis
@& Mesh
BL Type : Steady State
BL Settings
= $% Boundary Conditions
= 4% Flow Domain
45 Referenceframe_AiGap
& ReferenceFrame_Rotor
§5 ReferenceFrame_Shaft
@ HeatSource_Coil
@ HeatSource_EWCS
@ HeatSource_EWOCS
@ HeatSource_Magnet
@ HeatSource_Stator
@ HeatSource_Rotor
= § Flow Boundaries
©& et
TE Outlet
& Sip_1
& Sip_2
£ sip_3
@ Results

57
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3D CFD ANALYSIS
CFD Solution Setup

« Define Solution Settings

« Define Solver Settings

Solution Browser X
Name [ ]
= ¥ Solutions
3 b kerMAQ_CFD_Analysis

= ign 7 Result Request

@ Format and Execute Options

&5 ReferenceFrame_Rotor
5 Referenceframe_Shaft
@ HeatSource_Coil
HeatSource_EWCS
@ HeatSource_EWOCS
Heat Source_Magnet
HeatSource_Stator
@ HeatSource_Rotor

= Y Flow Boundaries
B inlet
WE Outlet
& Sip_1
& Sip_2
& sip_3

@ Resuts

58
&

&
Q
&
%
S

Solver Settings

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

Mame Value
=l Offsets
Absolute pressure offset 0 MPa
Absolute temperature offsst 0K
=l Auto Solution Strategy . .
Maximun no. of time steps 150 Maximum no. of time steps: 150
infil tme increment 1e-10s | Convergence tolerance: 0.002
Convergence tolerance 0.002
Number of krylov vectors 10
Relaxation factor 0.3
Flow True
Turbulence True
Temperature True
| Falze

Temperature flow
=l Advanced Soluti
@ 7

4 Temperature Stagger
= Restart Parameters

Restart from

= Default Wall Parameters
Wall velocity type
Themal condition
Heat flux
Turbulence wall type
Roughness height

Wall function heat flux factor

Gap

Gap factor

Crease angle

Split intemal sufaces

Description:

MNone

Mateh Mesh Velocity

Applied Fux
0'W/mm2

Wall Function

0mm

1

0mm

1
50deg
True

oK
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3D CFD ANALYSIS e

Name Value

CFD Solution Setup Cutut ey

Output time interval

Output initial condition False
Continuous output False
. . . Mo, of saved states 0
=l Derived Quantity Output .
« Define Solution Settings s b - Output frequency: 1000
Output time interval 0
- Mo. of saved states 0
« Define Result Request 9 Running Average Output
=l Time Average Output
Order 2
Solution Browssr X Output frequency 0
Name [ Output time interval 0
= B Solutions Reset frequency 0
a &b IkerMAQ_CFD_Analysis MNo. of saved states (1]
i Mesh =l Bmor Estimator Output
WL Tipe SeatySime Type pde_residua v
< Pt Setting= Output frequency 0
Svscngs Output time interval (1]
2 ¥ B sasu:tﬁe:fj o Mo. of saved states 0
B B . D:T;e et e Time average Output frequency 0
- Time average Output time interval 0
[+ Expand Mo of time average saved states 0
© Collapse Time average reset frequency [}
Collapse Partial = Restart Output
@ HeatSource_EWCS ] Output frequency 1000
@ HeatSource_EWOCS [ ] Output time interval o
@ HeatSource_Magnet Mo _of saved states 0
HeatSource_Stator ] =l Neodal Residual Output .
@ HeatSource_Rotor Output frequency 1000 OUtpUt frequency 1000
5 Y% Flow Boundares Output time interval
& net ] Mo. of saved states 0
TE Outlet ] =l Time History Output
& Sip_1 Node set MNone v
& Sip_2 Coordinates file
& Sip 3 Output frequency 1
@ Resuts Output time interval o
Description:

Time step frequency at which to output the nodal residual. f zero, this option is ignored

59 .& J\ ALTAIR
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3D CFD ANALYSIS
CFD Solution Setup

60

Define Solution Settings

Define Format and Execute Options

Solution Browser

Name
= ¢ Solutions
=2 b IkerMAQ_CFD_Analysis

& Mesh

Steady State

Solver Settings
Resuit Request

% F‘E] Format and Exeoute Options ||

©

= 4 Bauna T Delste

3 X Flot
(5 Expand
©  Colapse
g Collapse Partal
@ HeatSource_Coll
@ HeatSource_EWCS
@ HeatSource_EWOCS
HeatSource_Magnet
@ HeatSource_Stator
HeatSource_Rotor

=2 ¥ Flow Boundaries
@ et
W@ outlet
& Sip_1
& Sip_2
£ sip3

@ Resuts

&

s [E]e @

X

Format and Execute Options  :::ilililll
Name Value
= Export Options
HAuto Wall True
Write mesh as sets True

Pressure Reference Node True
=l Solver ions

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

Additional Arguments

Description:

Define the processor number
(depends on the running computer)

oK Cancel
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3D CFD ANALYSIS
CFD Solution Setup

* Final CFD solution setup

* Flow Domain + Flow Boundaries + Solver Settings

Solution Browser *

Name [ 3]
= % Soltions
5 b IkerMAQ_CFD_Analysis
€ Mesh
L Type : Steady State
= $L Settings
4 Solver Settings @ WEGy
% Result Request ke A
§4. Format and Execute Options He
= % Boundary Conditions
3% Flow Damain
 Referenceframe_AiGap [l
@ Referenceframe_Roter [l
e ReferenceFrame_Shaft [ ]
@ HeatSource_Coil ||
@ HeatSource_EWCS ]
@ HeatSource_EWOCS ]
|

@ HeatSource_Magnet

@ HeatSource_Stator

@ HeatSource_Rotor
3% Flow Boundaries

@& et

0 Outlet

& sip_1

& sip_2

& sip3

@ Reautts
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3D CFD ANALYSIS

CFD Solution Setup

* Final CFD solution setup

« Save the project [File] — [Save As]
+ Save the project as “lkerMAQ_CFD_PhyDef”

W Wiew Solutions Sketch Geometry Mesh  Analysis  Results Eectronics

D New
ﬁ Open...

Open Recent >
Import >
PDM >
Export >

Save

ﬁ Camera

Close

Help >

Licensing

62

[ e T U

Recent Files

lkeerMAGQ_CFD_Analysis_2_Methods_Ma_
lkerMAQ_CFD_def_3slb
lkerMAQ_CFD_def_Z2.slb
lkerMAQ_CFD_def_1.slb
lkerMAQ_CFD_Analysis.slb
lkerMAG_CFD_Mesh slb
EM2D_lkerMAQ_2_Mesh_EMCFD sl
30 _lkerMAG_PeriodicModel slb
EMZD_lkerMAQ_FullMctor_2_Mesh.slb
EM2D_lkerMAQ_2_Mesh slb
EM2D_lkerMAQ_3_PhysicsDefined slb

lkerMAQ_3D_Themal_MNodalMapping_M_

leerMAGQ_NVH_ACPOWER_Lanczos sh
lkerMAQ_NVH_NF slb
lkerMAQ_AcousticAnalysis_0.slb

)

Preferences

L

. Save As

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

Look in I ~ EASimLab\CFD\kerMAQ_CFD2_Simlab"\3D_CFD

? X

JeocoaBlE

! My Computer

_ lhuang

Name

7| Size

|Tyue |D

A ilkerMAQ_CFD_CADModel.sb

A IkerMAQ_CFD_Mesh slb

9]

365 MiB sb File 21

204 MiB sh File 2

|File name:  |[IkerMAG_CFD_PhyDef slb |

Files of type: [Simlab Database(" sib”)

El

(D]
Cancel |

J\ ALTAIR
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3D CFD ANALYSIS
CFD Solution Setup

« Solve the CFD simulation project

* Right click on the “Solutions” and select the solving folder for AcuSolve

Solution Browser % Solution Browser x
e o < Notes:
= PLISoutid  (reate Soltion | ; = PL Solutions
= b M SoutonFoider > | Curent: Selected Folder  » 5 b IkerMAQ_CFD_Analysis
B pasrotes Set to Scratch Folder B e h I i k b i
B o B Tow: s The solving process takes about 45 min
a4 = L Settings . . .
Sord [ Shendfote §1. S st depending on the computer on which it is run.
Cotoae 3 Result Request
SRR | - 4 Fomat and Execute Options
=} Boundary Conditions = ¥ Boundary Conditions

=) Y% Flow Domain = Y Flow Domain
@D Referenceframe_fiGap [l 5 Referenceframe_AiGap Ml ) )
© Relernceene foor 1 © Referenceriame Ao @ Resuts means that the solving process is completed
5 Referenceframe_Shait M @ Referenceframe_Shaft [l . ..
@ HesSoure Col " @ Heasouce Col " (0 Remutis Means that the solving process is in progress
@ HeatSource_EWCS ] @ HeatSource_EWCS ]
@ HeatSource_EWOCS [ ] @ HeatSource_EWOCS ]
@ HeatSource_Magnet @ HeatSource_Magnet
@ HeatSource_Stator n @ HeatSource_Stator [ ]
@ HeatSource_Rotor @ HeatSource_Rotor

= Y Flow Boundaries = 4 Fow Boundaries
B inet ] B et ]
T outet | | 0 Outlet ]
& Sip_1 & Slip_1
& Sip_2 & Slip_2
& Sip_3 & Sip_3

@ Results 'a Results T |

|
Update (Remote Solve)
Response »
6 3 User defined Response

& [% 4 - &0 & @ 9 7 4

/\ ALTAIR
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3D CFD ANALYSIS
CFD Solution Setup

« Solve the CFD simulation project

« Temperature distribution

12739 C
117.63C
107.86 C

98.10C

127.39C
117.63C
107.86 C

98.10C
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3D CFD ANALYSIS
CFD Solution Setup

65

Solve the CFD simulation project

Streamline results

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

Fle View Solutions Sketch Geometry Mesh Analysis Resuts Hectronics Advanced Inspect Automation  Extensions

Q@ 4L g TE

Files Measure Maove XY Plot Streamlines lso Surface

Home Results ¥

-

2DPlot

Flow velocity

Temperature
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3D CFD ANALYSIS

CFD Solution Setup

« Solve the CFD simulation project

« Save the project [File] — [Save As]
« Save the project as “lkerMAQ_CFD_Solved”

W Wiew Solutions Sketch Geometry Mesh  Analysis  Results Eectronics

D New
ﬁ Open...

Open Recent L3
Import >
PDM >
Export >

Save

@ Camera

Close

Help >

Licensing

66

[ e T U

Recent Files

lkeerMAGQ_CFD_Analysis_2_Methods_Ma_
lkerMAQ_CFD_def_3slb
lkerMAQ_CFD_def_Z2.slb
lkerMAQ_CFD_def_1.slb
lkerMAQ_CFD_Analysis.slb
lkerMAG_CFD_Mesh slb
EM2D_lkerMAQ_2_Mesh_EMCFD sl

30 _lkerMAG_PeriodicModel slb
EMZD_lkerMAQ_FullMctor_2_Mesh.slb
EM2D_lkerMAQ_2_Mesh slb
EM2D_lkerMAQ_3_PhysicsDefined slb
lkerMAQ_3D_Themmal_ModalMapping_M_
leerMAGQ_NVH_ACPOWER_Lanczos sh
lkerMAQ_NVH_NF slb
lkerMAQ_AcousticAnalysis_0.slb

)

Preferences

L

| A SaveAs

Look in I E\SimLab‘\CFD\lkerMAQ_CFDV2_SimLab*30_CFD

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

? X

-leooaBE

! My Computer Name

Pk | Size | Type | D

lhuang

9]

A lkerMAQ_CFD_CADModel s
A IkerMAQ_CFD_Mesh slb
A IkerMAQ_CFD_PhyDef slb

365 MiB sb File 21
204_MiB shb File 21
216_MiB shb File 21

| (D]

| File rame: [ IkerlAQ_CFD_Solved| |

Save

Files of type: [Simlab Database(" sib”)

LI Cancel |
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CONCLUSION
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CONCLUSION

* In this application case, a Permanent Magnet Synchronous Machine (IkerMAQ motor) is modeled
in Flux for 2D electromagnetic analysis.

+ All the eMotor loss information computed by Flux serve as Heat Source in AcuSolve to run CFD
analysis.

* The eMotor CFD analysis is simulated with AcuSolve (via SimLab) .Preliminary CFD analysis
results are reasonable. The temperature simulation results are close to the actual values.
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