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ANSYS as virtual develop platform for E-Machines

* Concept Design & Specification
* Advance Magnetic Analysis
* Thermal Management
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ANSYS as virtual develop platform for E-Machines CADFEM

Motor-CAD Maxwell 2D & 3D Mechanical & CFD System Validation
Rapid Multiphysics Electric Advanced Magnetics Modelling NVH, Cooling Control Logic, Software
Motor Design

ST T [T

mm S s
Sa [ g4t
FOMRaTE i
%_g'z:;;:zuglng e
dzsﬁlm_ilz; {ﬁ @S
Motor-CAD
iz
/ | Concept Design System
@ChH

\/

3D Physical Validation

Iterative Design Space
Exploration Toolkit

dynardo

O

© CADFEM 2021 Coupled EM and CFD computation - advanced thermal management 4




© Concept Design & Specification CADFEM

Customer Goal

Meet the torque, power and packaging requirements

Ensure the Motor performance over the complete operating
envelop

EMag Therm Mech Lab
Fast, Thermal Mechanical Efficiency
: template-based | performance analysis mapping &
Solution electromagnetic predictions of stress & performance
perfgrmance & ;‘advanced displaceénent across zl: drive
. : : : ot N predictions. cooling system [ in rotors during cycle.
Speed: Enable rapid electric machine sizing and design design. Bhertion:

exploration

Usability: Template based workflow customized for Traction Template based design for Multidiscipline

motor development

Ansys © @
26

Rapid FEA Simulations for

E Machines — Flux density plot Multiphysics & Multi objective Optimization

Optimization: Multidisciplinary / Multi objective
optimization

Benefits

Front-load the design decisions to compress the overall
development cycle

Evaluate the electromagnetic & thermal performance for a
desire drive cycle

Predict concept feasibility early in the development stage
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Advanced Magnetic Analysis

Customer Goal

Meet the torque, power and packaging requirements
Cost reduction through optimum material utilization

Ensure robustness and fault tolerance

Solution

Accuracy: Advance material modeling for accurate loss
prediction

Advance Modeling: Skewing, Magnetostriction, Vector
hysteresis, Demagnetization etc.

Scalability: High performance computing (HPC) for
electromagnetic models

Benefits
Verify the Electromagnetic performance in greater details

Study different material grades and characteristics and
perform trade off analysis

Improve maotor robustness by minimizing demagnetization

© CADFEM 2021

Reliable Material Data for Advance
studies

CAD Based Simulations with
unique motor topologies

“Speedup in Maxwell DSO on 32-Core High-
Performance Compute Farm Doubles Traction Motor
Design Productivity at General Motors”

Dr. Bradley Smith

Speed Up Chart
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“Continuous Solutions used ANSYS Maxwell
electromagnetic simulation software to reduce torque
ripple by 90 percent and total noise by 50 percent in
Switched Reluctance Motor”

Nir Vaks & Nyah Zarate

1Core 4 Cores

Scalable simulations through HPC
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Thermal Management

Customer Goal
Optimum cooling strategy
Improve thermal reliability and Motor life

Minimize package size

Solution

Seamless: Electromagnetic and Thermal Physics coupling

Accurate: Thermal Prediction for Air and Liquid cooling
Including Oil Spray and Water Jackets

Fast Pre-processing: Parameterize CAD with high-quality
fast and robust meshing

Scalable: High performance computing (HPC) for Thermal
Simulations

Benefits

Predict temperature distribution in critical components such
as Windings, Magnets, Laminations

Evaluate electromagnetic and thermal interdependency

Improve design for effective cooling
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CADFEM

Magnetic Field Thermal

Motor EM Loss Components ‘,

Oil Spray Cooling

Core Loss

Copper Loss

< ,':T.mp.,@ "

Mapped Losses (Distributed)

Seamless Physics Coupling

“Lucid engineers increased the power
density and energy efficiency of the motor
by 12 percent. The temperature predictions
matched physical measurements within a 3
percent margin of error”

Fast Preprocessing
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System Integration

Customer Goal
Validate the system before any hardware is built

System level design trade-offs and optimization

Twin model for offline computing and edge/cloud
deployment

Solution

Complete workflow with integrated different model levels,
domains and multiple physics

Integration of hardware systems with control software

Integration of hardware systems with control software

Benefits
1000 times faster with high fidelity models in the system

Powertrain system Inverter subsystem Magnetic component

@ e

10 minutes for a virtual drive cycle test (3 times faster than
real time)

Reduction of HiL costs for software testing

Libraries for subsystems and components
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Model preparation for Advanced Magnetic Computation

Motor-CAD

Rapid Multiphysics Electric
Motor Design

Motor-CAD
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Iterative Design Space
Exploration Toolkit

Advance Electromagnetic in 3D

CADFEM

3D Maxwell Generation via
VBS-File-Export from Motor-CAD EMag

Material modelling and advanced
Meshing for electrical machines in 3D

Scalable simulations through HPC &
Cloud Solution

3D CAD Generation via Export js-File
from Motor-CAD

Watertight Geometry Meshing
Workflow

Scalable simulations through HPC &
Cloud Solution



Model preparation for Advanced Magnetic Computation

A Run Script *
Suchenin: [ || TECH TAG - e®EmckEr
4 Name - Anderungsdatum T
) BenchmarkHimmel.aedtresults 14.05.2021 16:30 Datei
Schneleugif g )
[Bli4 Industrial IM.vbs 05.03.2021 09:28 VBSal
Desktop
-
"
Biblictheken
Dieser PC
Netzwerk < >
Dateiname: i4_industrial_IM:vbs - Ofinen
Datsityp [VB Script Files (*vbs) 2| Abbrechen
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[~ Schreibgeschiitzt &ffnen

You can solve this model
directly, or change it for better
performance

# Model Export

Export Format
QO DxF

OSTL

O Motor-CAD FEA Seript

O Matlab FEA Script

(®) ANSYS Blectronics Desktop

(O ANSYS Design Modeler

ANSYS Export Options
Model Type:
(02D (defautt)
®3D
Geometry Format:
(O Qutlines
(@ Templates (default)

CADFEM

Solving:
(O Automatic Solve idefault)

(®) Mot salved
Rotation Direction:
(O Clockwise (default)
(®) Anti Clockwise

File: |CMANSYS_Motor-CAD14_1_7Motor-CAD Data‘templates'id_Industrial_[M.vbe Select File
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CADFEM

TAU-Mesher with Clone

Model preparation for Advanced Magnetic Computation

Advanced Meshing for Electrical Machine (3D)

TAU-Mesher without Clone
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Model preparation for Advanced Magnetic Computation CADFEM

..when “Clone” is posible

 Controlling the air gap mesh density in

radial and circumferential direction i" i
E| @ Mesh AN
L gB CylindricalGap1 VTN

m i
A
1
ﬁmgmmmmmmumummmm\

Fraperies ‘ nﬂm "N\\N“wwmmwmmmmx
Name | Value | LUnit | Evaluated Value | m“‘M:‘n;sEtt“W“%%l‘“mw%wm“w lim““
Name CylindricalGap1 \lmﬂ“l““ ‘m W Mmmh“““““l ‘M N E
Type Cylindrical Gap Based \m““ I ‘ | 1y “ m‘s ﬁ
Region Inside Selection |i‘ a
Clone Mesh [w s
Band Mapping Angle 1.5 deg 1.5deg z s
Moving Side Layers |2 2 i
Static Side Layers |2 2 N !
|
Wl I |
:‘}Q{‘m\:\w L “;N .




Model preparation for Advanced Magnetic Computation CADFEM

...when “Clone” is posible

 Controlling the mesh density in radial
and axial direction

Eﬁ Mesh
. /B8 CloneMeshDensity1
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Name Value | Lnit | Evaluated Value
Name CloneMeshDensity 1
Type CloneMesh Density
Region Inside Selection
Restrict Max Element Length [v
Max Element Length 0.75 mm 0.75mm
Restrict Layers Number [w
MNumber of layers 30 30
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Model preparation for Advanced Magnetic Computation

...when “Clone” is posible

EdgeCutl

» Creating some Element-Mesh-Layers '/

E@ Mesh

- BE CloneMeshDensity 1
LB CylindricalGap1
B EdoeCutl

.. B Rotationallayer1
..... B Rotationallayer2

RotationalLayerl

/

/

CADFEM

Name | Value: | Unit | Evaluate:
Mame EdgeCut1
Type Edge Cut
Region Inside Selection
Layer Thickness 0.15 mm 0.15mm
RotationalLayer2
Name Value | Unit | Evaluatet
Name RotationalLayer1
Type Rotational Layer
Region Inside Selection
Total Layer Thickness 0.75 mm 0.75mm

Total Layer Thickness
MNumber of Layers

Inside Selection
1
2

Mumber of Layers 3
Name Value | Unit | Evaluz
MName Rotational Layer2
Type Rotational Layer
Region

mm Imm




Model preparation for Advanced Magnetic Computation CADFEM

Material properties as a function of the temperature

» Most of the Material properties can be
defined with temperature

s - B

_ . s 1
2 Geometry w z [El setup g
dependenCIeS 3 Setup v 3 Salution &
E Solution L 4 |[5d Parame ters
MaxwellDesignl FLUEMT
A global temperature per body can be
also defined. In that case no coupling
with a thermal/CFD solver is needed.
Feedback Iterator
« Temperature distribution can be Two-way-Coupling
considered. In this case using a (69 Peremeter Set

coupling with a CFD solver (Fluent).



Model preparation for Advanced Magnetic Computation

* Where to solve such a Model?

Select scheduler: |,q|\15v5 Cloud

| localhost

Scheduler info:

Login Log out |

Analysis Specification Compute Resources | Schedulsr Options I

[ Use multi-step submission

¥ Use automatic settings
MNum variations to distribute: | 1 E':

Resource selection

Resource selection parameters: | Region=WestEurope (704 cores, 16 nodes, 5632 GB R4

Config: [ e e =

Method: Spedfy [Number of Cores and (Optional) RAM =1
Total number of cores: | 704 =2 3
r 20

RAM Limit (36): |90 =

OK

Save Settings As Default | Import... Export... Import Configuration |

Preview Submission ™ show advanced options Submit Job Cancel

CADFEM



Model preparation for Advanced
CFD (Fluent) Computation
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Model preparation for Advanced CFD (Fluent) Computation

B A Geometry - DesignModeler

File Creste Concept Tools Units View Help

Refresh Input.
] Start Over (Ctrls+ N)

[ save Project (Ctrl+ 5)

(& Export...

-2 Load DesignModeler Database... (Ctrl+ O)

[&] Attach to Active CAD Geometry
[&] Import External Geometry File..
 Import Shaft Geometry...

@ Print

S, Write Script: Sketch(es) of Active Plane

«

[ Auto-save Now
Restore Auto-save File

Recent Imports

Close DesignModeler
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B offnen

Suchenin | TECH_TAG

*

Schnellzugriff

Desktop
"
Bibliotheken

&

Dieser PC

Netzwerk

Name

TechTag_Symm2.aedtresults
[2lia_industrial_iMjs

-] e«msfEr
Anderungsdatum
17.05.2021 16:25

17.05.2021 10:36
05.03.2021 14:19

L
Dateiordner
Dateiordner
JavaSkriptdatei

CADFEM

ﬁ Model Export

Export Format:

(O DXF

(JSTL

(O Motor-CAD FEA Script

(O Matlab FEA Seript

() ANSYS Electronics Desktop

(@) ANSYS Design Modeler

File: |C:\ANSYS_Motor-CADYW4_1_7\Motor-CAD Datatemplatestid_Industrial_IM js Select File

Cancel | | Export

Dateiname: i4_industrial_M ;s

Dateityp | Designhodeler Scnt (*js)

e
GroBe
176 KB
=l Offnen
~| Abbrechen
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Model preparation for Advanced CFD (Fluent) Computation CADFEM

How to mesh this model?

© CADFEM 2021 Coupled EM and CFD computation - advanced thermal management 20



Model preparation for Advanced CFD (Fluent) Computation CADFEM

Task-based workflow for watertight geometries

- A - B - cC

5 ey Y ° e R - o iy

 ANSYS Fluent Watertight Geometry 3 e B [ —— = -~y o
Workflow: 70% faster; 50% less SR 7

Fluent {with Fluent Meshing)

hands-on time

Watertight Geometry

= Workflow
! EI Import Geometry
! Lz Add Local Sizing

* Mosaic™ technology automatically R ———

! 4 Improve Surface Mesh

combine disparate mashes with ST
YO/, Create Regions

polyhedral elements for fast, accurate -

= 4} & Add Boundary Layers

flow resolution B mom s

Generate the Volume Mesh



Model preparation for Advanced CFD (Fluent) Computation CADFEM




Model preparation for Advanced CFD (Fluent) Computation CADFEM




Coupling between Maxwell and Fluent

A

NI.—,(

’m Geometry v/ S
Geometry

© CADFEM 2021

V. B
1

——0;1 Geometry

Geometry

Fluent (Wlth Fluent Meshing)

3 ﬁ Setup
4 |§j solution
Fluent (with Fluent Meshing)

v
<

v| F

: I
;@ Geometry

3 [@ setw v V4
4 @ souton v
Motor-CAD i4_Industria_IM

~—/—a4 §j Soluton

Fluent Cell Zones |Filter Text

CADFEM

Fluent (with Fluent Meshing) 1 PST Results
‘—-—12 v —a2 OMesh P 420:{&3 V>

a3 a Setup Results

?
& 4 '
Fluent (with Fluent Meshing)

Violumetric

Transfer Definition

®(EF

Solution
=/ Fluid Setupl : Transient ¥
Iuft
Start Time(s)
0.0000000000000000e+00 =
End Time(s)

2.7000278035217720e-02 ~
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Postprocessing CADFEM
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Summary CADFEM

* The first Motor ideas in Motor-CAD can been exported into Maxwell 3D for advanced
magnetic calculations.

 Motor-CAD provide also an easy way to generate 3D Geometries for advance CFD
calculations.

 Mesh settings in Maxwell 3D can help to create a regular mesh without extra manual
work (rotational movement only).

* ANSYS Fluent Watertight Geometry Workflow provide a powerful tool for mesh
generation with less hands-on time

* ANSYS Cloud support ANSYS Maxwell and ANSYS Fluent. Users can run large
models on the cloud reducing the simulation time.



Nice Videos to watch CADFEM

Cloud Computing from Electronics Desktop — YouTube

Ansys Cloud Demo with Fluent - YouTube

Fluent: Watertight Geometry Meshing Workflow — YouTube

Thermal Analysis of Induction Motor Using Maxwell & Fluent - Part 1 — YouTube

Thermal Analysis of Induction Motor Using Maxwell & Fluent Part 2 — YouTube
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https://www.youtube.com/watch?v=Ra_2xw_qw6I
https://www.youtube.com/watch?v=swM0uCSS37s
https://www.youtube.com/watch?v=aBxbYRVoRLo
https://www.youtube.com/watch?v=qcV85AX3CRI
https://www.youtube.com/watch?v=es9aDTv6EEE

